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Abstract

We investigated the associations between circulatory dynamics and Body Composition 
(BC) of the peripheral lower limbs with Exercise Habits (EHs). We surveyed the EHs of 34 
healthy older adults (6 men, 28 women) and measured their BC and skin perfusion (SP). SP 
did not correlate signifi cantly with any other variable. Participants with established EHs had 
a lower body weight and Fat Tissue thickness (Fat-T) than those without. Multiple logistic 
regressions with the presence or absence of an EH as the dependent variable and BC values 
as the independent variables established Fat-T as a signifi cant variable. Sex was independently 
associated with soleus muscle thickness, Fat-T, Bone Density (BD), and leg segmental water. 
Age was independently associated with Fat-T and BD, and body mass index was associated 
with Fat-T. EHs were not independently associated with any of the BC measurements. Physical 
characteristics and EHs have minimal infl uence on peripheral circulatory dynamics.
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development of vascular diseases. To avoid these conditions, 
behavioral changes are required to improve dietary and 
Exercise Habits (EHs) [5]. Locomotive syndrome [6]—a 
condition in which a person is at high risk of needing long-
term care that is caused by age or isolation—is a risk factor for 
musculoskeletal disorders and the development of dementia in 
older adults. Indeed, lifestyle diseases, locomotive syndrome, 
and dementia are three major causes of reduced healthy life 
expectancy [6].

Nationwide initiatives for extending healthy life expectancy 
aimed at preventing lifestyle diseases, locomotive syndrome, 
and dementia, have been the subject of much research in 
Japan. Uemura, et al. [7] conducted a 24-week educational 
intervention on community-dwelling older adults and found 
that compared with a control group, the group that received 
the health education intervention exhibited improvement 
in terms of results for an apathy scale; indicators of motor 
function, such as walking speed, the ϐive times sit-to-stand 
test, and physical activity; a dietary diversity score; and a 

The concept of “active life expectancy” is deϐined as the 
period during which the Activities of Daily Living (ADL) can 
be performed independently [1]. In Japan, the term “healthy 
life expectancy” [2] is used to indicate the period during which 
there are no limitations in ADL. The average life expectancy 
in Japan has increased due to the improvements in living 
environments and medical advances, and women have a 
better healthy life expectancy than men, with a difference 
of approximately 10 years (Ministry of Health, Labour, and 
Welfare). Therefore, extending healthy life expectancy is an 
important issue [3]. Prevention of disease, the need for long-
term care, and promotion of health are part of the Ministry 
of Health, Labour, and Welfare’s Kenko Nippon 21’s (Healthy 
Japan 21) initiative, which was launched in 2000 [4]. The 
initiative includes various policies to reduce this disparity.

Diseases that limit ADL include cardiovascular, 
cerebrovascular, and musculoskeletal diseases, as well as 
dementia. Lifestyle-related conditions, such as hypertension, 
diabetes, dyslipidemia, and obesity, are risk factors for the 
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self-efϐicacy scale for health management. In addition, a study 
that examined the effects of speciϐic health guidance reported 
improvement in obesity [which is a lifestyle disease [8], 
lower blood pressure due to weight loss, and improved lipid 
metabolism [9].

In a study that examined an intervention to prevent the 
locomotive syndrome, it was conϐirmed that classes combining 
nutrition and exercise could prevent the need for long-term 
care [10]. A fall prevention study that compared community-
dwelling middle-aged and older people with and without a 
history of falling found that in men, the fall history group had 
signiϐicantly poorer motor functions (lower limb strength, 
toe grip, and standing balance) [11]. Further, intervention 
effects, such as the training of lower limb muscle strength/
standing balance ability [12] and toe grip force [13], have 
been recognized.

Health education, speciϐic health guidance, and lower 
limb exercise interventions have been found to be effective 
in preventing lifestyle diseases, locomotive syndrome, and 
dementia. Moreover, exercises to strengthen the lower limbs 
have been recommended [14].

Although humans have automatic physiological functions 
(respiration, circulation, and thermoregulation) that act 
to maintain life, much is still unknown about their speciϐic 
mechanisms [15]. Regarding hemodynamics, which has a 
major impact on the development of vascular disease, it 
has been reported that under exercise load, Skin Perfusion 
(SP) is lower in older people than in young people [16,17]; 
however, some studies have also shown that age has no effect 
[18], thereby indicating a lack of consensus in this regard. 
Moreover, because only a few studies have investigated 
the relationship between circulatory dynamics and Body 
Composition (BC), there is little evidence regarding this topic. 
Therefore, obtaining basic ϐindings regarding the circulatory 
dynamics of healthy older people could aid in the extension of 
healthy life expectancies.

In this study we aimed to study whether subjects with and 
without EH have differences in body characteristics or in SP of 
their lower limbs. 

Methods
Participants

This cross-sectional study was performed on October 
12, 2019, and October 30, 2019. Fifty healthy people who 
participated in an annual health metric event (no age 
restrictions for participation) held by the University in the 
local community were recruited using a magazine ϐlyer. 
Participants over 60 years of age and who provided informed 
consent were included in this study. The exclusion criteria 
were adults undergoing outpatient therapy and those on 
medication, having a medical history involving limitations on 
ADL, having a pacemaker, being in poor health that day, and 

having missing values in the data collected. The participants 
were immediately informed of the measurement results orally 
and in writing.

In accordance with the Declaration of Helsinki, we 
provided oral and written explanations to each participant 
about the objectives and content of the study, that the data 
would not be used for anything except the study, that proper 
consideration would be given to the handling of their personal 
information, and that they could refuse to participate at any 
time. In addition, they were informed that participation in 
the study was of their own free will and accord and that there 
would be no disadvantage to not participating. The survey 
began once an informed consent form was signed. This study 
was conducted with the approval of the Ethical Review Board 
of [BLINDED FOR REVIEW].

Survey items

The survey items were the physical characteristics of 
participants, namely, their age, sex, height, weight, Body 
Mass Index (BMI), blood pressure, pulse rate, EHs, muscle 
thickness, fat thickness, and Bone Density (BD), body water 
content, and hemodynamics. For all participants, the survey 
was conducted in the morning before lunch in the community 
center that was maintained at 26ºC.

Measurement of participant physical characteristics, 
blood pressure and pulse rate

First, participants were asked about their physical 
condition, followed by an interview and measurements of 
blood pressure and pulse rate. The participants sat on a chair 
with their right arm resting on a desk at the same height as 
their heart. The examiner used a digital sphygmomanometer 
(HEM-7132, Omron) to measure blood pressure at the brachial 
artery and measured the pulse by palpating the radial artery. 
Next, participants were asked about their age and sex, and 
their height and weight were measured with a digital height 
meter (DSN-90, Muratec KDS) and scale (HS-650, Tanita).

Questionnaire on exercise habits

The questionnaire required participants to describe the 
“presence or absence of an EH,” “types of exercises,” “exercise 
time,” “exercise frequency,” “months/years exercise has 
continued,” “exercise history,” “period of exercise history,” 
and “type of exercise history.” According to Slentz, et al. [19], 
moderate exercise of ≥ 30 min per day can prevent weight 
gain. As the participants of this study were older, those who 
exercised for ≥30min per day, for ≥1 h total per week, and had 
continued this for ≥ 3 months were assessed as having an EH.

Evaluation of muscle and fat thickness

The structural evaluation of muscle and fat thickness is 
generally performed with imaging methods, such as computed 
tomography, magnetic resonance imaging, or ultrasonogram 
(US). Among these, the US is often used because it is simple and 
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minimally invasive. Moreover, when evaluating the structure 
of muscle and fat tissues, for devices using Bioelectrical 
Impedance Analysis (BIA), body water content is susceptible 
to diet, urination, or defecation status [20]; therefore, US was 
used in this study. The gastrocnemius was selected as the 
site for evaluating muscle thickness on the peripheral lower 
limbs because the ankle area is abundant in tendon tissue and 
little muscle [14,21] and because this muscle exhibits age-
related muscular atrophy i.e., sarcopenia. The measurement 
protocol was based on data from previous studies [22-24]. 
Gastrocnemius muscle thickness (GM-T) was measured at the 
medial head, perpendicular to the bone surface at a site 30% 
proximal along a line connecting the medial epicondyle of the 
femur with the calcaneal tuberosity. Soleus muscle thickness 
(SM-T) was measured as the layer directly below and Fat 
Thickness (Fat-T) as the layer directly above using a measuring 
instrument (Viamo, SSA-640A, Toshiba Medical) and linear 
probe (PLT-1204ST, Toshiba Medical) at a frequency of 
7.5 MHz in B mode. The participant laid prone on a mat and 
was instructed by the examiner to place the ankle in plantar 
ϐlexion so that the muscle did not contract. After gently placing 
the probe on the evaluation site and after the screen stabilized, 
the measurement’s start and endpoints were marked using 
a marker, and the device was used to calculate the distance 
between these two points. The measurements were repeated 
three times each on the left and right soleus muscle, and 
the medians of the three were recorded after discarding the 
maximum and minimum values. The mean of the left and right 
measurements were then used as the representative value 
for statistical analysis. Because the reproducibility of tissue 
thickness assessments with the US varies by the assessor 
[23], an assessor with 6 years of US experience performed the 
measurements for all the participants.

Evaluation of bone density (BD)

The evaluation site was the calcaneus, and the measurements 
were performed using an ultrasonic bone density device (CM-
200, Furuno Electric) with bone propagation velocity as the 
indicator. The participants were seated in a chair with their 
socks removed to expose the heel, so the instrument could be 
placed to measure propagation velocity in the calcaneus bone. 
Bone propagation velocity was measured once each on the left 
and right, and the mean was used as the representative value 
for statistical analysis.

Evaluation of body water content

Body water content cannot be measured on the peripheral 
lower limbs only, and therefore the entire lower limbs were 
examined. The measurements were performed using the BIA 
method (InBody S10, InBody), in which the InBody S10 used 
the 8-point contact electrode method with two electrodes 
attached to both the left and right ankles and a device with 
six wideband frequencies [25] to noninvasively quantify 
body water content [26]. The participants were instructed to 

remove any metal accessories and precious metals and to sit 
in a chair to measure Leg Segmental Water (L-SW). L-SW was 
measured once on each side, and the left and the right mean 
was used as the representative value for statistical analysis.

Evaluation of circulatory dynamics

Microcirculation of the skin was measured above the 
third metatarsal in the center of the dorsum of the foot. The 
measuring instrument was a laser blood ϐlow monitor (Nahri 
MV monitor, Nexis). The participants laid supine on a mat and 
after resting for 1 min, the SP was measured for 1 min. SP was 
measured once each on the left and right, and the mean was 
used as the representative value for statistical analysis.

Statistical analysis

For statistical processing, normality was conϐirmed using 
the Shapiro-Wilk test. Univariate analysis was performed by 
calculating Pearson’s correlation coefϐicients between age, 
height, weight, BMI, GM-T, SM-T, Fat-T, BD, L-SW, and SP.

The participants were then divided into two groups based 
on the presence or absence of an EH. Sex was compared 
between the groups using the χ2 test; an unpaired t-test was 
used for the other variables. An EH was used as the dependent 
variable and BC values (GM-T, SM-T, Fat-T, BD, and L-SW) 
were the independent variables in multiple logistic regression 
analysis using the forward stepwise method.

Table 1: Physical characteristics of the participants.

Item Overall (n = 34) Men (n = 6) Women (n = 28)

Age (years) 75.5 ± 6.6 74.2 ± 6.6 75.8 ± 6.7 

Height (cm) 152.3 ± 7.1 161.5 ± 7.0 150.3 ± 5.4 

Weight (kg) 54.1 ± 9.8 66.3 ± 5.5 51.5 ± 8.4 

BMI (kg/m2) 23.3 ± 3.3 25.5 ± 2.6 22.8 ± 3.2 

Mean ± standard deviation; BMI: Body Mass Index.

Table 2: Physical characteristics and body composition values in groups with and 
without exercise habits (n = 34).

Item Overall
(n = 34)

Exercise habit
(n = 20)

No exercise habit 
(n =14) p - value

Age (years) 75.5 ± 6.6 76.1 ± 7.6 74.8 ± 5.1  0.591
Sex,  (%), 

Female 28 12(85.7) 16(80.0) 0.998

Male 6 2(14.3) 4(20.0) 
Height (cm) 152.3 ± 7.1 150.4 ± 6.7 155.0 ± 6.8  0.061
Weight (kg) 54.1 ± 9.8 51.0 ± 9.1  58.6 ± 9.1  0.023*
BMI (kg/m2) 23.3 ± 3.3 22.5 ± 3.4  24.3 ± 2.8  0.117
GM-T (mm) 14.19 ± 2.07 14.10 ± 2.42  14.31 ± 1.51  0.778
SM-T (mm) 19.02 ± 2.56 19.29 ± 2.11  18.64 ± 3.14  0.474
Fat-T (mm) 5.68 ± 1.52 5.14 ± 1.11  6.45 ± 1.71  0.011*
BD (m/sec) 1466.94 ± 31.02 1466.40 ± 31.38 1467.71 ± 31.65  0.905
L-SW (L) 4.40 ± 1.11 4.22 ± 1.12 4.67 ± 1.07 0.250
SP (mL/

min/100 g) 8.65 ± 2.84 8.58 ± 3.02  8.76 ± 2.66  0.863

The χ2 test was used for sex, and an unpaired t - test was used for all others*: p < 0.05, 
mean ± standard deviation or n.
BMI: Body Mass Index; GM-T: Gastrocnemius Muscle Thickness; SM-T: Soleus 
Muscle Thickness, Fat-T: Fat Tissue Thickness; BD: Bone Density; L-SW: Leg 
Segmental Water; SP: Skin Perfusion
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Forced entry multiple regression was also performed with 
BC and SP as dependent variables, physical characteristics 
(age, sex, and BMI), and an EH as independent variables. The 
statistical analyses were performed with IBM SPSS Statistics 
(Ver 24.0) with a 5% signiϐicance level in all cases.

Results
Participants, surveys and measurements

Of the 50 people who participated in the health event, 
34 (6 men, 28 women) met all the inclusion criteria. None 
of the participants had a pacemaker or felt unwell on the 
day of the survey. The characteristics (average±standard 
deviation) of the men were: age 74.2 ± 6.6 years, height 161.5 
± 7.0 cm, weight 66.3 ± 5.5 kg, and BMI 25.5 ± 2.6 kg/m2; the 
characteristics of women were: age 75.8 ± 6.7 years, height 
150.3 ± 5.4 cm, weight 51.5 ± 8.4 kg, and BMI 22.8 ± 3.2 kg/m2

(Table 1). These physical characteristics are summarized in 
Table 1.

The results of the survey showed that 20 people had an 
EH (27 types). The type of exercise was walking in six people, 
jogging in one, golf or ground golf in two, qi gong in nine, 
gymnastics in three, dance in two, swimming (pool) in two, 
using a ϐitness gym in one, and table tennis in one. They had 
engaged in exercise continuously for 6 months to 20 years. 
The measurements for the participants overall were GM-T, 
14.19 ± 2.07 mm; SM-T, 19.02 ± 2.56 mm; Fat-T, 5.68 ± 1.52 
mm; BD, 1466.94 ± 31.02 m/s; Leg-SW, 4.40 ± 1.11L; and SP, 
8.65 ± 2.84 mL/min/100 g (Table 2).

Univariate analysis

Table 3 shows the Pearson’s correlation coefϐicients for 
all items. For lower limb BC and circulatory dynamics, GM-T 
correlated signiϐicantly with height (r = 0.374) and weight 
(r  = 0.345). SM-T correlated signiϐicantly with height (r = 0.395) 
and L-SW (r = 0.397). Fat-T correlated signiϐicantly with BMI 
(r = 0.524). BD correlated signiϐicantly with age (r = -0.486), 
height (r = 0.566), weight (r = 0.344), and L-SW (r = 0.584). 
L-SW correlated signiϐicantly with height (r = 0.806), weight 
(r = 0.806), BMI (r = 0.491), SM-T (r = 0.397), and BD (r = 0.584).
SP did not correlate signiϐicantly with any variable.

Comparison of variables based on exercise habits

Table 2 shows the comparisons of physical characteristics 
and items based on the presence or absence of an EH. 
Compared with the group with no EH, the group with EHs 
had signiϐicantly lower body weight (p = 0.023) and Fat-T 
(p = 0.011), although the other variables were not signiϐicantly 
different.

Multiple logistic regression analysis

On multiple logistic regression analysis, using the presence 
or absence of EH as the dependent variable and BC values as 
the independent variables, Fat-T was identiϐied as a signiϐicant 
predictive variable (odds ratio: 0.373, 95% conϐidence 
interval: 0.170–0.819) as a signiϐicant variable (Table 4). The 
predictive value of the assessments was 73.5%, speciϐicity 
was 85.0%, sensitivity was 57.1%, and Nagelkerke’s R2 was 

Table 3: Relationship between physical characteristics, body composition, and dermal blood fl ow (n = 34).
Age Height Weight BMI GM-T SM-T Fat-T BD L-SW

Height -0.418*
Weight 0.068 0.635**
BMI 0.351* 0.146 0.855**
GM-T -0.258 0.374* 0.345* 0.208  
SM-T -0.024 0.395* 0.246 0.025 0.287 
Fat-T 0.071 -0.151 0.319 0.524** 0.216 -0.326 
BD -0.486** 0.566** 0.344* 0.070 0.198 0.203 -0.228
L-SW -0.092 0.806** 0.806** 0.491** 0.320 0.397* -0.105 0.584**
SP 0.243  -0.146 0.072 0.198 -0.041 -0.303 0.253 -0.010 0.045
Values are Pearson's correlation coeffi  cients*: p < 0.05**: p < 0.01
BMI: Body Mass Index; GM-T: Gastrocnemius Muscle Thickness; SM-T: Soleus Muscle Thickness; Fat-T: Fat Tissue Thickness; BD: Bone Density; L-SW: Leg Segmental 
Water; SP: Skin Perfusion

Table 4: Multiple logistic regression analysis of the presence or absence of an 
exercise habit.

Variable Odds ratio 95% confi dence interval p - value

Fat-T 0.373 0.170–0.819 0.014

Forward stepwise method (likelihood ratio). Fat-T: Fat-Thickness.

Table 5: Multiple regression results (n = 34).

Dependent variable Extracted factor Standardized
coeffi  cient β p - value

SM-T Sex 0.564 0.003

Fat-T Sex -0.688 0.000

Age -0.265 0.020

BMI 0.804 0.000

BD Sex 0.481 0.003

Age -0.469 0.004

L-SW Sex 0.611 0.000

SP no factor

Multiple regression analysis using the forced entry method was used with body 
composition as the dependent variable and physical characteristics (age, sex, and 
BMI) and exercise habit as the independent variables.
BMI: Body Mass Index; GM-T: Gastrocnemius Muscle Thickness; SM-T: Soleus 
Muscle Thickness; Fat-T: Fat Tissue Thickness; BD: Bone Density; L-SW: Leg 
Segmental Water; SP: Skin Perfusion
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0.448. The logistic regression model was: 33.092 + (-0.177 × 
height) + (-0.987 × Fat-T).

Multiple regression analysis

Table 4 shows the results of the multiple regression 
analysis with BC and SP as dependent variables and physical 
characteristics and EH as independent variables. Sex was 
extracted as being independently associated with SM-T, Fat-T, 
BD, and L-SW. Age was independently associated with Fat-T 
and BD, and BMI was associated with Fat-T. However, EH 
was not found to be independently associated with any of the 
BC values (Table 5). Moreover, no factor was independently 
associated with SP.

Discussion
We examined how BC and circulatory dynamics in the 

peripheral lower limbs relate to EHs in healthy community-
dwelling older people. The results showed weak positive 
correlations between muscle thickness (GM-T and SM-T) and 
the physical characteristics of height and weight.

In their study, Abe, et al. [27] reported an association 
between age and muscle volume of the lower limbs and trunk 
among Japanese men and women aged 20 to 95 years. Age was 
strongly and inversely correlated with quadriceps volume/
length and abdominal muscle volume/height in both men 
and women, with only a weak correlation between age and 
muscle volume at other measurement sites of the lower limbs 
and trunk. Although the participants of this study differed 
somewhat, our results mostly conϐirm previous ϐindings, 
suggesting that muscle thickness in the peripheral lower 
limbs in healthy older people is associated with height and 
weight (predominantly height), but not with age. We selected 
the medial head of the gastrocnemius to assess, as this muscle 
is particularly susceptible to sarcopenia. However, the results 
may have been affected by the fact that we only included highly 
health-conscious older people who voluntarily participated in 
a health event. Due to the likely presence of other confounding 
factors, such as lifestyle habits (e.g., diet, exercise), we cannot 
say for certain whether muscle thickness is associated with 
age.

Fat-T exhibited a moderate positive correlation with BMI. 
Both BMI and the body fat ratio are used as indicators of 
obesity [28]. The body fat ratio has been found to correlate 
strongly with BMI although the correlation coefϐicient between 
Fat-T and BMI in this study (r = 0.524) was lower than that 
previously reported. The body fat ratio is the proportion of 
fat in all body tissues. We believe this is why the correlation 
with Fat-T in the lower limbs was weaker in this study than in 
previous studies.

BD exhibited a moderate negative association with age, 
a moderate positive association with height, a weak positive 
association with weight, and a moderate positive association 
with L-SW. Yokouchi, et al. [29] conducted a longitudinal 

investigation of changes in bone mass in female university 
students. They found that bone mass changes were affected 
by the physique and had a particularly strong association 
with lean mass. The results of this study largely conϐirm the 
ϐindings of previous research. Previous studies regarding the 
relationship between body weight, BC, and BD in older people 
have shown that both lean mass and fat mass correlate with 
BD [30] and that BD corrected for height correlates positively 
with body weight [31]. This indicates that the mechanical 
force of body weight has a protective effect on the skeleton. 
Indeed, because nutritional status has also been reported to 
be associated with BD in older adults [32], it is possible that 
nutritional status and the mechanical force of body weight 
indirectly affect the relationship between BD and weight, 
although this study was unable to conϐirm this kind of causal 
relationship.

L-SW exhibited a strong positive association with height 
and weight, a moderate positive association with BMI, a weak 
positive association with SM-T, and a moderate association 
with BD. Muraoka and Komiya [33] evaluated body water 
content with an estimation formula using the BIA method in 
healthy men and women aged 18 to 74 years. Their analysis 
showed that body water content had a strong correlation 
with weight and height. The association between L-SW 
and physique observed in this study conϐirms the results of 
previous research, and again, demonstrates that the amount of 
water in the body increases or decreases along with physique.

Interestingly, none of the items correlated signiϐicantly 
with SP. In humans, SP increases and decreases alongside 
changes in environmental and core temperature [34]. In hot 
environments and at high body temperatures, blood vessels in 
the skin dilate so that large amounts of blood can ϐlow near the 
body surface to promote heat dissipation. Conversely, in cold 
environments and at low body temperatures, blood vessels in 
the skin contract to prevent heat dissipation [34]. Adaptability 
to the thermal environment is called thermoregulation, which 
is thought to differ based on individual characteristics [35]. 
These individual characteristics include characteristics, such 
as physique and age, as well as factors like lifestyle, EHs, 
acclimation to hot environments, aerobic exercise capacity, 
and hydration status, which create differences in the ability 
of individuals to adapt to heat [35]. Therefore, it is possible 
that the inϐluence of these individual characteristics was a 
major reason why no items were found to be associated with 
peripheral circulation in the lower limbs.

Physique also affects the body surface area. A larger 
body surface area is advantageous for heat dissipation, 
while obesity is seen as advantageous for heat storage [36]. 
However, a signiϐicant association between SP and physique 
was not observed in this study. This may be because of the 
small sample size and variation in the participants’ physiques. 
Further, the participants of this study were health-conscious 
older people who voluntarily responded to an invitation to a 
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health event. Forearm SP was not signiϐicantly associated with 
the amount of sweat in people in their 60s or in young people 
with EHs [37], which indicates an individual’s EHs and aerobic 
exercise ability have a major effect on SP. Regarding the effects 
of environmental temperature, because the temperature of 
the room used in this study was maintained at 26 ºC, there 
was little need for thermoregulatory functions. This would 
also maintain the participants’ blood ϐlow rate, which could be 
why no items were signiϐicantly associated with SP.

In the comparisons of groups with and without EHs, body 
weight and Fat-T were signiϐicantly smaller in the EH group. 
In the multiple logistic regression analysis, Fat-T was selected 
as a signiϐicant variable associated with the presence or 
absence of an EH. In the multiple regression analysis, sex was 
an independent factor associated with SM-T, Fat-T, BD, and 
L-SW; age was independently associated with Fat-T and BD, 
and BMI was independently associated with Fat-T. However, 
an EH was not extracted as independently associated with any 
of the BC values. Additionally, no factors were independently 
associated with SP. It is generally believed that arterial walls 
harden with age, although more than the effects of age, changes 
in carotid atherosclerosis are thought to be accelerated by 
risk factors, such as coexisting cardiovascular disease and 
obesity [38]. Di Iorio, et al. [39] divided 52 middle-aged and 
older participants into three groups based on fat and muscle 
mass. They found that the cardio-ankle vascular index, a novel 
indicator of arteriosclerosis, was signiϐicantly higher in the 
upper 1/3 group of fat mass and lower 1/3 group of muscle 
mass. Arteriosclerosis increases systolic blood pressure and 
is involved in the development of hypertension [40], while 
diastolic blood pressure is thought to arise when people 
are in their 50s and 60s and drop thereafter [41]. These 
circulatory dynamics reduce the amount of blood stored 
during the systolic stage, which may reduce blood ϐlow to the 
periphery during the diastolic stage [42]. In addition, while 
low-load strength training improved peripheral circulation in 
healthy older people [43], Proctor, et al. [44] reported that in 
healthy older and younger individuals with EHs, blood ϐlow 
in the lower limbs was signiϐicantly lower during exercise in 
older people than in younger people. As the participants of 
this study were older, they had decreased blood ϐlow to the 
periphery, which may be why the presence or absence of 
an EH had little inϐluence on SP. These results show that in 
community-dwelling older people, BC was not independently 
associated with EHs, but rather was greatly affected by 
physical characteristics. Moreover, physical characteristics 
and EHs had little impact on resting peripheral SP, which 
suggests this may not very much [45].

As we did not evaluate dietary habits or physiological 
functions, such as aerobic exercise ability, heat adaptation, 
and sweating ability, these factors could be a source of bias. 
Thus, a task for future studies is to incorporate assessments 
of physiological functions and dietary habits. In addition, the 
amount of exercise used as a basis to deϐine EH in this study was 

to simply facilitate the division of the participants into those 
with and without EH and is not expected to improve obesity, 
decrease blood pressure due to weight loss, and improve 
lipid metabolism. Therefore, the results of multiple logistic 
regression analysis have limited scope. Other limitations 
of this study include the small sample size and the that the 
participants were highly health-conscious older people 
who voluntarily participated in a health metric event. More 
certain results could be derived by increasing the number of 
participants. Moreover, the use of some physiological tests 
(temperature, occlusive, orthostatic) would further improve 
such studies.

Conclusion
In this study of community-dwelling older people, muscle 

thickness was positively correlated with height and weight, 
although no association with age was observed. Fat thickness 
was positively correlated with BMI, and BD was positively 
correlated with age, height, weight, and body water content. 
Body water content was also positively correlated with 
height, weight, BMI, muscle thickness, and BD. However, no 
items were associated with SP. Further, body weight and 
Fat-T were signiϐicantly smaller in the group with EHs than 
in the group without, and Fat-T was selected as a signiϐicant 
variable associated with the presence or absence of an EH. 
Sex was independently associated with SM-T, Fat-T, BD, and 
L-SW; age was independently associated with Fat-T and BD, 
and BMI was independently associated with Fat-T. However, 
an EH was not independently associated with any of the BC 
values. In addition, no factors were independently associated 
with SP.

These results suggest that BC values increase or decrease 
along with the physique and that while fat thickness has a 
strong inϐluence on EH motivation an EH has minimum impact 
on fat thickness, which suggests that physical characteristics 
and EHs have minimal inϐluence on peripheral circulatory 
dynamics.
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