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Abstract

Purpose: Frailty is a state of declined vitality of the body and mind with age
in which life functions are impaired. In addition, there is a difference in the
susceptibility of older women to frailty compared with that of older men.
Therefore, assessing and encouraging physical activity in older adults before
they become frail is essential. We aimed to clarify the relationship between
calf circumference and body composition and assess the potential association
between calf circumference and physical activity indices in older women.
Methods: This cross-sectional study included 18 healthy older adults (age
69.0 + 5.7 years). The physical characteristics, calf circumference, body com-
position, calf muscle thickness, and physical activity questionnaire that in-
cluded items on exercise-related activity thermogenesis (EAT) and nonexer-
cise activity thermogenesis (NEAT) were assessed. The association between
calf circumference and these additional measures was examined. Results:
Positive and significant correlations were found between the calf circumfer-
ence and body weight, body mass index (BMI), skeletal muscle mass, skeletal
muscle mass index, calf muscle thickness, total questionnaire score, and
NEAT score (r = 0.66 - 0.87). However, no significant correlations were ob-
served between the calf circumference and EAT scores. Conclusion: Calf
circumference in older women may reflect NEAT activity. Improving NEAT
activity is an important health-promoting factor in older women.
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1. Introduction

Frailty is a state of declined vitality of the body and mind (physical and cognitive
functions) with age and life functions being impaired [1]. Physical and mental
frailty emerges in many older adults [2], resulting in serious consequences, such
as reduced quality of life, falls, use of medical facilities, hospital admissions, and
mortality [3]-[5]. Fried et al. defined five criteria for frailty: unintentional weight
loss, self-reported exhaustion, weakness (grip strength), slow walking speed, and
low physical activity [6]. If left untreated, frailty can progress into a vicious cycle
of reduced activity, resulting in reduced general endurance, fatigue, and, in turn,
reduced physical activity.

One factor contributing to this reduction in activity level is a decrease in
whole-body muscle mass. The loss of skeletal muscle mass and strength that oc-
curs with advancing age is defined as sarcopenia [7]. According to sarcopenia
guidelines, a healthy diet and physical activity are strongly recommended [8] [9].
In Japan, the proportion of adults aged > 65 years is increasing and may rise
further to 39.9% by 2060 [10]. In addition, there is a difference in the suscepti-
bility of older women to frailty compared with that of older men [11]. Therefore,
assessing and encouraging physical activity in older adults before they become
frail is essential.

Magnetic resonance imaging is the gold standard for measuring whole-body
muscle mass but is often only available in research settings and cannot be easily
used in clinical settings. Therefore, calf circumference measurements are used as
an alternative screening method [12]-[15]. Some studies have found a positive
correlation between calf circumference and calf muscle thickness and volume
and a negative correlation with subcutaneous fat [15] [16]. Furthermore, calf
circumference is positively correlated with total skeletal muscle mass [12] and
maximal oxygen uptake (VO,max) [14].

There are two methods for assessing physical activity: direct measurement
using continuous heart rate or accelerometers and indirect measurement using
physical activity questionnaires. The physical activity questionnaire published by
Washburn et al. has proven reliable and valid [17] and includes items on exer-
cise-related activity thermogenesis (EAT) and nonexercise activity thermogene-
sis (NEAT), which makes it possible to score each item. Previous studies show
the energy expenditure of NEAT is much greater than that of EAT [18] [19].
However, it is unclear to what extent these physical activities influence morpho-
logical characteristics. Therefore, we aimed to determine the relationship between
calf circumference and body composition, such as calf muscle thickness and total
skeletal muscle mass, in community-dwelling older women and assess the poten-

tial association between calf circumference and indices of physical activity.

2. Methods
2.1. Study Design

The Cross-Sectional study was conducted among older adults in a healthy
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community-dwelling. These older adults participated in health classes conducted
at the university and then continued as is between January and March 2021. The
study was conducted in compliance with the principles of the Declaration of
Helsinki, with oral and written explanations, and consent was obtained from the
participants. This study was approved by the Ethics Committee of Kanazawa
Orthopaedic Sports Medicine Clinic (Kanazawa-OSMC-2019-001).

The participants were healthy older adults living in a community who parti-
cipated in monthly light load health classes run by a university. According to
questionnaires and interviews, all participants were able to live independently
and had no history of falls, fractures, malignant tumours, cerebrovascular dis-
eases, or serious respiratory diseases within the past year. Those with a body
mass index (BMI) of >25 kg/m” were excluded from this population, as previous
studies have shown that the correlation between calf circumference and calf
muscle thickness is low (r = 0.249) [20]. The measurement items were as follows:

1) Physical characteristics

The height (HP20, Tsutsumi, Japan) and weight (HA528, Tanita, Japan) were
measured in the standing position, and the BMI was calculated.

2) Calf circumference

The calf circumference was measured 30% proximal to a line between the lat-
eral malleolus of the fibula and lateral condyle of the tibia using a measuring
tape in the supine position, on the bed with the ankle joint held at 90° and the
foot planted on the wall, as described in a previous study in Japanese adults [13].
To reduce errors, the average of the values measured twice was used, and the
measurements were performed by the same person.

3) Body composition

The skeletal muscle mass and body fat percentage were measured by bioelec-
trical impedance (InBodyS10, In Body Japan, Japan) [21]. The skeletal muscle
mass index (SMI) was calculated by dividing the measured limb skeletal muscle
mass by height squared. The participants were instructed to refrain from food
intake for 12 h before measurements were taken. The measurements were taken
between 10 and 11 am. Regarding medicines, we confirmed that they were not
taking any medicines that could affect their body composition.

4) Calf muscle thickness

Measurements were performed using a B-mode ultrasound system (SSD-3500S8V;
Fujifilm, Japan) and a 7.5-MHz linear probe. The participants were asked to rest
in a supine position on a bed with the ankle joint maintained at 90° and the foot
planted on the wall. The measurement site was 30% proximal between the lateral
malleolus of the fibula and lateral condyle of the tibia [16] [22]. The measure-
ments were performed by the same person. Prior to the measurement, we eva-
luated the reliability using the test-retest method. The intraclass correlation
coefficients (ICC) of the calf muscle thickness showed excellent values (ICC =
0.983).

5) Physical activity questionnaire

The Physical Activity Scale for Individuals with Physical Disabilities (PASIPD)
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was used; the PASIPD includes 13 questions regarding physical activity related
to sports, leisure activities, housework, mobility, work, and sedentary time [17]
[23]. The questionnaire uses a recall method that can be applied to answer ques-
tions about physical activity in the previous week using a list of options. Each
item has the option to select the frequency (how many times per week) and du-
ration of the activity, and each item has an exercise intensity coefficient. The
score is calculated by multiplying the exercise intensity coefficient for each item
by the frequency and duration of the exercise. The total score is calculated by
adding all the values obtained for each question item. The score is then divided
into an EAT score (light sports or recreational activities, moderate sports or re-
creational activities, strenuous sports or recreational activities, and increased
muscle strength and endurance) and a NEAT-related score (stationary activities,
walking, light household, heavy household, home repair, lawn work or yard care,

outdoor gardening, care for another person, work for pay, or volunteering).

2.2. Statistical Analyses

For statistical processing, after checking the normal distribution, correlations
between leg circumference and each measured item were examined using Pear-
son’s two-tailed correlation coefficient. Graph Pad Prism ver. 6 (GraphPad, San
Diego, CA) was used for statistical analyses. Statistical significance was set at p <
0.05. All data are presented as meant SD.

3. Results

Eighteen healthy older women participated in this study. All participants were
interviewed beforehand to ensure that they had no pre-existing orthopaedic or
medical conditions that would affect the study. Two women were excluded be-
cause of missing data (questionnaire data), and eighteen older women were in-
cluded in the analysis. The mean age of the participants was 69.0 = 5.7 years. The
height, weight, and BMI are presented in Table 1.

Table 1. Characteristics of the study participants.

A Body Height Body M
Sex 8¢ ocy Helg OV TS BMI (kg/m?)
(years) (cm) (kg)
Wome 18 69.0 £ 5.7 155.1£5.5 543+7.2 21.7£2.1
n (61 - 84) (146.9 - 168.6)  (42.0 - 66.7) (18.4 - 24.4)

Data are shown as mean * SD. (Range) SD. BMI: Body Mass Index.

The calf circumference, calf muscle thickness, skeletal muscle mass, and SMI
are shown in Table 2. Two participants had a calf circumference of <33 cm and
an SMI of <5.7 kg/m? which corresponds to the sarcopenia diagnostic criteria of
the Asian Sarcopenia Working Group [8]. The body fat percentage ranged from
23.7% - 38.8%.
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Table 2. Anthropometric measurements and body composition measurements.

Calf circumference  Skeletal muscle mass SMI Calf muscle
(cm) (kg) (kg/m?) thickness (mm)
344 +27 19.5+2.2 6.0 £0.5 41.7+£5.3
(28.5 - 39.2) (15.1 - 23.9) (4.7 -7.2) (33.4 - 51.9)

Data are shown as mean * SD. (Range) SD. SMI: Skeletal muscle mass index.

The PASIPD scores are presented in Table 3; the total score was 15.3 £ 9.4
points. When the points were divided into EAT and NEAT-related scores ac-
cording to the questionnaire items, the mean scores were 2.4 + 3.5and 12.9+ 7.1
points, respectively.

The correlation between the calf circumference and each measure is shown in
Figure 1. Significant positive correlations were observed between the body
weight, BMI, skeletal muscle mass, SMI, calf muscle thickness, PASIPD total
score, and NEAT score. However, only the EAT score in the PASIPD group did

not show a significant correlation.

Table 3. Total and subcategory scores for the PASIPD

Total score (point) EAT score (point) NEAT score (point)

153+94 24+35 129+7.1

Data are shown as mean + SD.

4. Discussion

We investigated the relationships between calf circumference, body composi-
tion, and physical activity in older women. The results showed that the calf cir-
cumference strongly correlated with the skeletal muscle mass and muscle thick-
ness [20]. Furthermore, the calf circumference was strongly correlated with
physical activity and the NEAT scores but not with the EAT scores. These find-
ings suggest that calf circumference is significantly associated with NEAT and
that improving activities of daily living and increasing NEAT may be more ef-
fective in preventing and improving frailty than special sports activities.

Although our study participants were older adults with a nonuniform body fat
percentage and included individuals who may have been diagnosed with sarco-
penia, the calf leg circumference was positively correlated with the skeletal mus-
cle mass or calf muscle thickness. Macedo et al. reported similar results in a pre-
vious study, supporting the calf circumference as a simple tool to measure ske-
letal muscle mass in older women [20]. Additionally, our results showed that the
calf circumference correlated more with NEAT than with EAT. This means that
increasing NEAT may lead to an increase in skeletal muscle mass and suggests
that the calf circumference could be used as an assessment indicator.

The total PASIPD score was 18.4 + 11.2 points, which was comparable to the
physical activity scores of older people reported in a previous study [24]. Physi-
cal activity is classified into two categories: EAT, which is a purpose-driven
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Figure 1. Association between the calf circumference and body mass (a), skeletal muscle mass (b), SMI (c),
calf muscle thickness (d), total score of the PASIPD (e), NEAT score of the PASIPD (f), and EAT score of the

PASIPD (g).
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activity, such as that for health, fitness, or weight loss; and NEAT, which is a lei-
sure-time activity, such as sitting, standing, walking, climbing stairs, shopping,
and other activities of daily living [25]. EAT accounts for only 15% - 30% of total
energy expenditure, even in adults who exercise regularly [26] [27]. Additional-
ly, only approximately 5% of adults in developed countries exercise habitually
[28]. NEAT, on the other hand, ranges from 15% to 50% of total energy expend-
iture, depending on the individual; however, the majority of adults perform
these activities [29]. Therefore, the energy expenditure of NEAT is much greater
than that of EAT when measured throughout the day [18] [19]. These considera-
tions led us to believe that, in this study, no correlation was found with the EAT
scores but only with the NEAT scores. In other words, improving the NEAT
energy content may be an important health-promoting factor not only for young
adults but also for older adults.

Increasing NEAT is effective in preventing lifestyle-related diseases and has
been encouraged by various guidelines [30]. However, according to Japan’s Na-
tional Health and Nutrition Survey, the average number of daily steps signifi-
cantly decrease from 6857 (2003) to 5859 (2019) for women in their 60 s [31].
This may be due to the recent emergence of labour-saving devices such as cars
and household appliances, which have reduced the need for human movement,
resulting in a decrease in NEAT. In older adults, the decrease in muscle mass
and activity associated with such lifestyle changes is not only associated with the
progression of frailty but also with cardiovascular disease [32], type 2 diabetes
mellitus [33], being overweight, and obesity [34].

The elements of NEAT activity mainly comprise activity in the antigravity
posture, which is strongly related to the calf muscles. In particular, the calf mus-
cles have a much higher density of slow-twitch fibres [35], a structure that fa-
vours endurance and may be strongly influenced by prolonged activities, such as
those classified as NEAT. Harris et al studied and compared the behaviour of
older and younger adults with no exercise habits over a 10-day period. They
found that older adults had a lower standing time, shorter walking distance,
longer sitting time, and no difference in the supine position compared with
younger adults [36]. Rizzato et al conducted a review of NEAT consumption in
young adults in different work environments and reported that simply perform-
ing sedentary tasks in a standing position increased muscle activity [37]. Even in
older adults, working on environmental adjustments that make people want to
walk, stand, and stand for longer durations may lead to an increase in calf cir-
cumference, muscle thickness, and prevention of frailty.

This study has some limitations. First, the participants were older women who
participated in limited community activities, which means that the number of
participants is small, and generalisation to other older adults is limited. It is
possible that older women have different household roles depending on the
number of people living together and the composition of their household and
the amount of activity may vary significantly; however, this has not been inves-
tigated in this study. Therefore, in the future, it will be necessary to increase the
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number of participants and classify them based on their background. In addi-
tion, many older adults have a history of various diseases (metabolic syndrome,
cardiac and cognitive disorders, exercise disorders, insulin resistance, and
non-alcoholic fatty liver disease, among others) that may affect the calf circum-
ference due to oedema in the lower leg. Second, participants were polarised in
terms of EAT activities into those that they performed daily and those that they
did not. EAT activities account for only 15% - 30% of the total energy expendi-
ture, even among those who perform these activities regularly [25] [26]. There-
fore, no correlation with the calf circumference was found; however, future
comparisons between groups with low and high EAT scores could contribute to
health promotion, especially in the group with low EAT scores. Finally, NEAT
may contribute to an increase in maximal oxygen uptake. Satonaka et al. inves-
tigated the relationship between the VO,max, an indicator of aerobic capacity,
and continuous heart rate during daily physical activity in people with cerebral
palsy and found that the VO,max may be higher in adults with high daily physi-
cal activity, even without special exercise [38]. Studies comparing standing ver-
sus sitting during working hours in healthy participants have shown that not
only NEAT but also heart rates are significantly increased [39]. Individuals with
a higher VO,max have lower rates of cardiovascular morbidity and mortality
[40] [41]. However, whether NEAT in older adults is associated with the main-
tenance of aerobic capacity remains unclear. Measurement of the VO,max in
older adults requires specialised equipment, and a simple assessment of the calf
circumference would be useful. Therefore, it is necessary to clarify the relation-
ship between the VO,max and calf circumference or skeletal muscle mass under
adequate risk management.

In conclusion, this study showed that the calf circumference in older women
is strongly correlated with the skeletal muscle mass and calf muscle thickness
and that the calf circumference is significantly related to NEAT activity. This
suggests that improving daily activities, rather than special sports, may prevent
and improve age-related frailty, which is of interest for the prevention of obesity
and diabetes in the working population but should also be addressed to maintain

physical fitness in older women.

Acknowledgements

We are grateful to all individuals who gave their time and effort to participate in
this study.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Proietti, M. and Cesari, M. (2020) Frailty: What Is It? In: Veronese, N., Eds., Frailty
and Cardjovascular Diseases, Springer, 1-7.

DOI: 10.4236/0jtr.2024.123016

220 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2024.123016

M. Wachi et al.

(2]

(4]

(5]

(6]

(10]

(11]

(12]

(13]

(14]

https://doi.org/10.1007/978-3-030-33330-0_1

Hoogendijk, E.O., Afilalo, J., Ensrud, K.E., Kowal, P., Onder, G. and Fried, L.P.
(2019) Frailty: Implications for Clinical Practice and Public Health. The Lancet, 394,
1365-1375. https://doi.org/10.1016/s0140-6736(19)31786-6

Freedman, V.A., Martin, L.G. and Schoeni, R.F. (2002) Recent Trends in Disability
and Functioning among Older Adults in the United States. JAMA, 288, 3137-3146.
https://doi.org/10.1001/jama.288.24.3137

Gill, T.M. and Kurland, B. (2003) The Burden and Patterns of Disability in Activi-
ties of Daily Living among Community-Living Older Persons. The Journals of Ger-
ontology Series A: Biological Sciences and Medical Sciences, 58, M70-M75.
https://doi.org/10.1093/gerona/58.1.m70

Bandeen-Roche, K., Xue, Q.-L., Ferrucci, L., Walston, J., Guralnik, J.M., Chaves, P.,
et al. (2006) Phenotype of Frailty: Characterization in the Women’s Health and Ag-
ing Studies. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 61, 262-266. https://doi.org/10.1093/gerona/61.3.262

Fried, L.P., Tangen, C.M., Walston, J., Newman, A.B., Hirsch, C., Gottdiener, J., et
al. (2001) Frailty in Older Adults: Evidence for a Phenotype. The Journals of Ger-
ontology Series A: Biological Sciences and Medical Sciences, 56, M146-M157.
https://doi.org/10.1093/gerona/56.3.m146

Cruz-Jentoft, A.]., Baeyens, J.P., Bauer, ].M., Boirie, Y., Cederholm, T., Landi, F., et
al. (2010) Sarcopenia: European Consensus on Definition and Diagnosis. Age and
Ageing, 39, 412-423. https://doi.org/10.1093/ageing/afq034

Chen, L., Woo, J., Assantachai, P., Auyeung, T., Chou, M., Iijima, K., et al. (2020)
Asian Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Di-
agnosis and Treatment. Journal of the American Medical Directors Association, 21,
300-307.E2. https://doi.org/10.1016/j.jamda.2019.12.012

Oliveira, J.S., Pinheiro, M.B., Fairhall, N., Walsh, S., Chesterfield Franks, T., Kwok,
W., et al. (2020) Evidence on Physical Activity and the Prevention of Frailty and
Sarcopenia among Older People: A Systematic Review to Inform the World Health

Organization Physical Activity Guidelines. Journal of Physical Activity and Health,
17, 1247-1258. https://doi.org/10.1123/jpah.2020-0323

Ministry of Health, Labour and Welfare (2016) Long-Term Care Insurance System
of Japan.
https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/ltcisj_e.
pdf

Park, C. and Ko, F.C. (2021) The Science of Frailty. Clinics in Geriatric Medicine,
37, 625-638. https://doi.org/10.1016/j.cger.2021.05.008

Martin, A.D., Spenst, L.F., Drinkwater, D.T. and Clarys, J.P. (1990) Anthropometric
Estimation of Muscle Mass in Men. Medicine & Science in Sports & Exercise, 22,
729-733. https://doi.org/10.1249/00005768-199010000-00027

Kawakami, R., Murakami, H., Sanada, K., Tanaka, N., Sawada, S.S., Tabata, 1., et al
(2014) Calf Circumference as a Surrogate Marker of Muscle Mass for Diagnosing
Sarcopenia Injapanese Men and Women. Geriatrics & Gerontology International,
15, 969-976. https://doi.org/10.1111/ggi.12377

Kawali, S., Kobayashi, S., Yamauchi, R., Yamazaki, M., Satonaka, A. and Suzuki, N.
(2022) Maximum Oxygen Uptake Can Be Predicted by Extrapolation Using the Calf
Circumference in Non-Obese Healthy Young Adult Men. Gazzetta Medica Italiana
Archivio per le Scienze Mediche, 181, 516-523.
https://doi.org/10.23736/50393-3660.21.04648-9

DOI: 10.4236/0jtr.2024.123016

221 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2024.123016
https://doi.org/10.1007/978-3-030-33330-0_1
https://doi.org/10.1016/s0140-6736(19)31786-6
https://doi.org/10.1001/jama.288.24.3137
https://doi.org/10.1093/gerona/58.1.m70
https://doi.org/10.1093/gerona/61.3.262
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1123/jpah.2020-0323
https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/ltcisj_e.pdf
https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/ltcisj_e.pdf
https://doi.org/10.1016/j.cger.2021.05.008
https://doi.org/10.1249/00005768-199010000-00027
https://doi.org/10.1111/ggi.12377
https://doi.org/10.23736/s0393-3660.21.04648-9

M. Wachi et al.

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

Kinoshita, H., Kobayashi, M., Kajii, Y., Satonaka, A. and Suzuki, N. (2022) Calf
Circumference Positively Correlates with Calf Muscle Thickness and Negatively
Correlates with Calf Subcutaneous Fat Thickness and Percent Body Fat in
Non-Obese Healthy Young Adults. The Journal of Sports Medicine and Physical
Fitness, 62, 343-349. https://doi.org/10.23736/50022-4707.21.12152-8

Asai, C., Akao, K., Adachi, T., Iwatsu, K., Fukuyama, A., Ikeda, M., et al (2019)
Maximal Calf Circumference Reflects Calf Muscle Mass Measured Using Magnetic
Resonance Imaging. Archives of Gerontology and Geriatrics, 83, 175-178.
https://doi.org/10.1016/j.archger.2019.04.012

Washburn, R.A., Zhu, W., McAuley, E., Frogley, M. and Figoni, S.F. (2002) The
Physical Activity Scale for Individuals with Physical Disabilities: Development and
Evaluation. Archives of Physical Medicine and Rehabilitation, 83, 193-200.
https://doi.org/10.1053/apmr.2002.27467

Levine, J.A., Eberhardt, N.L. and Jensen, M.D. (1999) Role of Nonexercise Activity
Thermogenesis in Resistance to Fat Gain in Humans. Science, 283, 212-214.
https://doi.org/10.1126/science.283.5399.212

Levine, J.A. (2007) Nonexercise Activity Thermogenesis—Liberating the Life-Force.
Journal of Internal Medicine, 262, 273-287.
https://doi.org/10.1111/j.1365-2796.2007.01842.x

Macedo Fraiz, G., Herminia Gallo, L., Iraci Rabito, E., Silveira Gomes, A.R. and
Madalozzo Schieferdecker, M.E. (2020) Relationship between Muscle Thickness and
Calf Circumference in Healthy Older Women. Archives of Gerontology and Geria-
trics, 86, Article 103942. https://doi.org/10.1016/j.archger.2019.103942

Nonaka, K., Murata, S., Shiraiwa, K., Abiko, T., Nakano, H., Iwase, H., et al. (2018)
Physical Characteristics Vary According to Body Mass Index in Japanese Commu-
nity-Dwelling Elderly Women. Geriatrics, 3, Article 87.
https://doi.org/10.3390/geriatrics3040087

Sanada, K., Kearns, C.F., Midorikawa, T. and Abe, T. (2005) Prediction and Valida-
tion of Total and Regional Skeletal Muscle Mass by Ultrasound in Japanese Adults.
European Journal of Applied Physiology, 96, 24-31.
https://doi.org/10.1007/s00421-005-0061-0

van der Ploeg, H.P., Streppel, K.R.M., van der Beek, A.]., van der Woude, L.H.V,,
Vollenbroek-Hutten, M. and van Mechelen, W. (2007) The Physical Activity Scale
for Individuals with Physical Disabilities: Test-Retest Reliability and Comparison
with an Accelerometer. Journal of Physical Activity and Health, 4, 96-100.
https://doi.org/10.1123/jpah.4.1.96

Ulas, K., Topuz, S. and Horasan, G. (2019) The Validity and Reliability of the Tur-
kish Version of the Physical Activity Scale for Individuals with Physical Disabilities
(PASIPD). Turkish Journal of Medical Sciences, 49, 1620-1625.

Fedewa, M.V., Hathaway, E.D., Williams, T.D. and Schmidt, M.D. (2016) Effect of
Exercise Training on Non-Exercise Physical Activity: A Systematic Review and Me-
ta-Analysis of Randomized Controlled Trials. Sports Medicine, 47, 1171-1182.
https://doi.org/10.1007/540279-016-0649-z

Segal, K.R. and Xavier Pi-Sunyer, F. (1989) Exercise and Obesity. Medical Clinics of
North America, 73, 217-236. https://doi.org/10.1016/s0025-7125(16)30700-3

Psota, T. and Chen, K.Y. (2013) Measuring Energy Expenditure in Clinical Popula-
tions: Rewards and Challenges. European Journal of Clinical Nutrition, 67, 436-442.
https://doi.org/10.1038/ejcn.2013.38

Troiano, R.P., Berrigan, D., Dodd, K.W., Masse, L.C., Tilert, T. and Mcdowell, M.

DOI: 10.4236/0jtr.2024.123016

222 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2024.123016
https://doi.org/10.23736/s0022-4707.21.12152-8
https://doi.org/10.1016/j.archger.2019.04.012
https://doi.org/10.1053/apmr.2002.27467
https://doi.org/10.1126/science.283.5399.212
https://doi.org/10.1111/j.1365-2796.2007.01842.x
https://doi.org/10.1016/j.archger.2019.103942
https://doi.org/10.3390/geriatrics3040087
https://doi.org/10.1007/s00421-005-0061-0
https://doi.org/10.1123/jpah.4.1.96
https://doi.org/10.1007/s40279-016-0649-z
https://doi.org/10.1016/s0025-7125(16)30700-3
https://doi.org/10.1038/ejcn.2013.38

M. Wachi et al.

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(2008) Physical Activity in the United States Measured by Accelerometer. Medicine
& Science in Sports & Exercise, 40, 181-188.
https://doi.org/10.1249/mss.0b013e31815a51b3

Levine, J.A. (2004) Non-Exercise Activity Thermogenesis (Neat). Nutrition Reviews,
62, 82-97.

Bull, E.C., Al-Ansari, S.S., Biddle, S., Borodulin, K., Buman, M.P., Cardon, G., et al.
(2020) World Health Organization 2020 Guidelines on Physical Activity and Se-
dentary Behaviour. British Journal of Sports Medicine, 54, 1451-1462.
https://doi.org/10.1136/bjsports-2020-102955

Ministry of Health, Labour and Welfare (2020) National Health and Nutrition Sur-
vey, 55.

Raichlen, D.A., Pontzer, H., Zderic, T.W., Harris, J.A., Mabulla, A.Z.P., Hamilton,
M.T., et al. (2020) Sitting, Squatting, and the Evolutionary Biology of Human Inac-
tivity. Proceedings of the National Academy of Sciences, 117, 7115-7121.
https://doi.org/10.1073/pnas.1911868117

Owen, N., Salmon, J., Koohsari, M.]., Turrell, G. and Giles-Corti, B. (2014) Seden-
tary Behaviour and Health: Mapping Environmental and Social Contexts to Under-

pin Chronic Disease Prevention. British Journal of Sports Medicine, 48, 174-177.
https://doi.org/10.1136/bjsports-2013-093107

Manson, J.E., Skerrett, P.J., Greenland, P. and Vanltallie, T.B. (2004) The Escalating
Pandemics of Obesity and Sedentary Lifestyle. Archives of Internal Medicine, 164,
249-258. https://doi.org/10.1001/archinte.164.3.249

Sietsema, K.E., Sue, D.Y., Stringer, W.W. and Ward, S.A. (2020) Wasserman &
Whipp’s Principles of Exercise Testing and Interpretation. Wolters Kluwer.

Harris, A.M., Lanningham-Foster, L.M., McCrady, S.K. and Levine, J.A. (2007)
Nonexercise Movement in Elderly Compared with Young People. American Journal
of Physiology- Endocrinology and Metabolism, 292, E1207-E1212.
https://doi.org/10.1152/ajpendo0.00509.2006

Rizzato, A., Marcolin, G. and Paoli, A. (2022) Non-Exercise Activity Thermogenesis
in the Workplace: The Office Is on Fire. Frontiers in Public Health, 10, Article
1024856. https://doi.org/10.3389/fpubh.2022.1024856

Satonaka, A., Suzuki, N. and Kawamura, M. (2011) The Relationship between
Aerobic Fitness and Daily Physical Activities in Nonathletic Adults with Athe-
to-Spastic Cerebral Palsy. Gazzetta Medica Italiana Archivio per le Scienze Mediche,
170, 103-112.

Beers, E.A., Roemmich, J.N., Epstein, L.H. and Horvath, P.J. (2008) Increasing Pas-
sive Energy Expenditure during Clerical Work. European Journal of Applied Physi-
ology; 103, 353-360. https://doi.org/10.1007/s00421-008-0713-y

Carnethon, M.R. (2005) Prevalence and Cardiovascular Disease Correlates of Low
Cardiorespiratory Fitness in Adolescents and Adults. JAMA, 294, 2981-2988.
https://doi.org/10.1001/jama.294.23.2981

Kodama, S. (2009) Cardiorespiratory Fitness as a Quantitative Predictor of
All-Cause Mortality and Cardiovascular Events in Healthy Men and Women. JAMA,
301, 2024-2035. https://doi.org/10.1001/jama.2009.681

DOI: 10.4236/0jtr.2024.123016

223 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2024.123016
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1073/pnas.1911868117
https://doi.org/10.1136/bjsports-2013-093107
https://doi.org/10.1001/archinte.164.3.249
https://doi.org/10.1152/ajpendo.00509.2006
https://doi.org/10.3389/fpubh.2022.1024856
https://doi.org/10.1007/s00421-008-0713-y
https://doi.org/10.1001/jama.294.23.2981
https://doi.org/10.1001/jama.2009.681

	Relationship between Nonexercise Activity Thermogenesis and Calf Circumference in Older Women
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Study Design
	2.2. Statistical Analyses

	3. Results
	4. Discussion
	Acknowledgements
	Conflicts of Interest
	References

