
INTRODUCTION

Population ageing is recently a common phenomenon in the
developed countries including Japan. This has major consequences
for society and in particular for health and care service. Although
ageing is not necessarily synonymous with illness, infirmity or
frailty, it does correlate with disability, impairment and bedridden.
Skeletal muscle (SM) plays a central role in many biological
functions, such as movement and metabolism. Loss of muscle mass
(sarcopenia) is prevalent in older adults (1) and represents an im-
paired state of health with mobility disorders, increased risk of falls
and fractures, impaired ability to perform activities of daily living
(ADL), disabilities and loss of independence (2-5). Based on com-
mon clinical experience, a high prevalence and incidence of sarco-
penia among older participants living in nursing homes may be
expected. Despite a growing interest of scientific community to
such condition, information on sarcopenia in nursing homes and its
relation to physical function is still lacking. Therefore, understand-
ing SM mass (SMM) of old persons who are very high risk for
bedridden is important to provide the adequate rehabilitation and
the proper nursing care and to prevent bedridden state.
Although magnetic resonance imaging (MRI) and dual -energy
X-ray absorptiometry (DXA) are the gold standard to estimate
SMM, those methods are very expensive and not routinely applica-
ble in nursing homes. Bioelectrical impedance (BIA) is a safe,
noninvasive, portable, and reliable method to measure passive
electrical characteristics of living organisms. However, use of re-
gression models derived in healthy individuals to predict body
composition in patients with various diseases is not recommended
(6, 7). In addition, an important limitation is measurement differ-
ences between BIA devices from different manufactures (6, 8).
Therefore, we used 24 h creatinine excretion as measure of total -
body SMM, because urinary creatinine is likely proportional to

SMM and a reliable measure of SMM in patients with advanced
renal failure, in children and adolescents, in elderly people, and in
patients with wasting conditions (9-14). In this pilot study, SMM of
old Japanese women suffering from working difficulty in nursing
home was measured and compared with those of 20-25 old young
generation.

MATERIALS AND METHODS
Subjects
Thirteen healthy university students (6 male and 7 female, 21-24
years old) who presumably has maximum SMM and old persons (4
female, 82-93 years old) suffering from walking difficulty with non-
functional ambulatory in nursing home were recruited in this
study. As a result of loss of muscle mass, the older person in
nursing home is more at risk of adverse health outcomes that can
result in bedridden state. Therefore, criteria of old persons in this
study is that their movement is completely depend on the help by
care workers and the use of wheelchair. Four aged women were
carefully taken care in food intake, movement, excretion and oth-
ers mainly by registered care workers. None of the young subjects
were engaged in high levels of exercise training or were taking any
medications just before or during the study. Routine blood studies,
including electrolytes, liver tests, and hematologic indexes confirmed
the health status of each subject before entry into the protocol.

Measurement of SMM
Each subject collected two 24 h urine samples at inclusion on
consecutive 2 days. Creatinine excretion was calculated as the
mean of the two 24 h urine collections. SMMwas calculated from
24-h urinary creatinine amount based on this equation (SMM=
21.8×Cr) (12). This equation indicates that creatinine excretions of
1.0 g/d and 2.0 g/d represent 21.8 kg and 43.6 kg SMM, respec-
tively. Creatinine height index (CHI) was calculated from the fol-
lowing formula :
CHI= 24-hour urine creatinine excretion (mg)/ expected 24-hour
urine creatinine excretion (23 mg/kg in male and 18 mg/kg in

ORIGINAL

Skeletal muscle mass of old Japanese women suffering from
walking difficulty in nursing home

Teruhiro Morishita1, 2, 3), Michiko Sato1), Hiroko Kume1), Masae Sakuma4), Hidekazu Arai4), Takahumi Katayama5),
Shinsuke Katoh2), Koichi Sairyo3), and Eiji Takeda1)

1)Tokushima Kenshokai College for Health and Welfare, Tokushima, Japan, 2)Department of Rehabilitation Medicine, Tokushima University
Hospital, Tokushima, Japan, 3)Department of Orthopedics, Tokushima University, Tokushima, Japan, 4)Laboratory of Clinical Nutrition and
Management, Graduate School of Nutritional and Environmental Sciences, The University of Shizuoka, Japan, 5)Department of Statistics and
Computer Science, College of Nursing Art and Science, University of Hyogo, Himeji, Japan

Abstract : By using 24 hour urinary creatinine levels, skeletal muscle mass (kg), its rate (%%) of body weight and
creatinine height index (%%) were determined in old Japanese women suffering from walking difficulty in nursing
home and compare with those of young university students. Those of old subjects showed approximately 30-
50%%, 36-44%% and 44-46%% of young subjects, respectively. It is suggested that these values are important and useful
biomarkers for the planning and the achievement of rehabilitation program for the maintaining and restoring
skeletalmusclemass and for the careful support by registered care workers to aged persons. J. Med. Invest.
65 : 122-125, February, 2018

Keywords : Skeletal muscle mass, Old Japanese women, Nursing home

Received for publication November 9, 2017 ; accepted January 30, 2018.

Address correspondence and reprint requests to Eiji Takeda, Tokushima
Kenshokai College for Health and Welfare, 369-1 Higashitakawa, Tenma,
Kokufu, Tokushima, Japan 779-3105 and Fax : +81-88 -642-9227.

The Journal of Medical Investigation Vol. 65 2018

122



female) × 100.
Estimated nitrogen balance was calculated as the difference be-
tween total nitrogen intake and total nitrogen output in the urine.
Nitrogen intake was calculated from the nitrogen provided in feeds
for each subject. The following formula was used in calculating the
nitrogen balance : Nitrogen balance = 24 hour protein intake/6.25-
(24 hour urinary nitrogen excretion/0.8).
Putative intestinal absorption rate of nitrogen, sodium, calcium
and phosphorus balance were determined as urinary excretion
rate (%) among the amount of oral intake from food.

Statistical analysis
Data were expressed as the mean�SD of the each subjects of
young male group, young female group and old group. Student t
test was used for statistical difference between young groups and
old group and less than 0.05 of p value was significant.

Ethical considerations
The protocol of this project was approved by the Institutional
Review Board of Hinomine Medical Center (Komatsushima,
Tokushima, Japan). The procedures were fully explained to sub-
jects and an informed-consent form was signed.

RESULTS

Baseline characteristics of young and old groups were pre-
sented in Table 1. BMI in old group was higher than those of young
groups. Mean values of SMM (kg), its rate (%) of body weight and
CHI (%) of young male and female groups were 34.7 kg and 22.3 kg,
53.4% and 43.7%, and 106.5% and 111.4%, respectively. Those of old
subjects suffering from walking difficulty showed approximately 30-
50%, 36-44% and 44-46% of young subjects, respectively (Table 1).
Putative intestinal absorption rates that were the rate of urinary
excretion among total intake of nitrogen and sodium did not show
any differences between those in old group and in young groups, in
contrast, those of calcium and phosphorus in old group were sig-
nificantly lower than those of young groups (Table 2).

DISCUSSION

This study for the first time measured SMM, %SMM of body
weight and CHI of old Japanese women suffering from walking diffi-

culty in nursing homes and compared with young university stu-
dents. Ninety-eight percent of body creatine is in skeletal muscle
and a constant fraction of the body creatine pool is converted each
day to creatinine (15). Hence, measurement of creatinine in 24 h
urine collection should reflect total body creatinine and conse-
quently total SMM (16). A linear relation was also found between
anthropometrically derived lean body mass and 24-h creatinine
excretion for men up to age 65. This relation attributed 21.8 kg of
muscle mass for the excretion of 1 g creatinine in 24 h (12). How-
ever, it could be considered a limitation that we used 24 h creatinine
excretion as measure of SMM instead of what is considered the
gold standard (MRI or DXA). A specific limitation of using cre-
atinine excretion as measure of SMM is that 24 h urine collections
are prone to errors. We, however, thoroughly instructed partici-
pants and used two 24 h collections to increase accuracy, because
both MRI and DXA are expensive and difficult to introduce in
nursing home.
CHI is a valid and very simple another tool for assessment of
protein status in patients with varieties of diseases including mal-
nutrition. It has been reported that interpretation of CHI was as
follows, If CHI�80%, there was normal protein status, if CHI 60-�
80%, there was mild protein depletion, if CHI 40-�60%, there was
moderate protein depletion and if CHI�40%, there was severe
protein depletion (17). It was thought that SMM values in this study
were considerably correct and reliable because CHI in both young
male and female groups represented approximately 100-110.
Therefore, the results in this study indicated that moderate protein
depletion observed in old women strongly suggested to be high
risk for walking difficulty, fall, bone fracture and bedridden in
nursing home.
The physiological ageing changes or degree of senescence ex-
perienced by each person’s body system associated with ageing
differs for each individual across the human lifespan. However, as a
person ages, they are increasingly at risk of injury, illness and
death. In geriatric assessment an older person is considered to be
frail when they have three or more of the following : unintentional
weight loss, weakness defined by grip strength, low physical activity
and slowed motor performance (18). The loss of SM is a common
problem in older adults from around the world that reaches a preva-
lence ranging from 7% to over 50% (19). As a result of frailty the
older person is more at risk of adverse health outcomes that can
result in hospitalization, frequently as a result of falls and disability,
and nursing home placement and mortality (20). It has been sug-
gested that the maintaining muscle mass in old age is a key factor

Table 1
Young Old p-value

Age(y : range(Mean�SD)) 21-24(21.9�1.2) 82 -93(87.3�4.3) 0.009
Sex(n) Male(7) Female(6) Female(4)
Height(cm) 173.1�4.8* 158.5�6.7* 143.3�7.1 0.002
Body weight(kg) 65.4�7.3* 51.0�3.4* 55.8�7.1 0.011
BMI(kg/m2) 21.8�1.9 20.4�1.7 27.1�0.9 0.009
Energy intake(kcal/kg/d) 32.8�5.9 38.7�8.7 24.5�2.9 0.018
Protein intake(g/kg/d) 1.2�0.2 1.4�0.4 0.8�0.1 0.008
Skeletal mascle mass(kg) 34.7�2.8* 22.3�1.4* 10.6�0.9 0.001
Skeletal mascle mass(% of kg) 53.4�4.2* 43.7�1.4* 19.2�2.6 0.001
Creatinine height index(%) 106.5�8.3 111.4�3.6 48.9�6.7 0.007
* : p�0.05 (Young-Male vs Young-Female) by Steel -Dwass test
: p�0.05 (Young-Male vs Old) by Steel -Dwass test
: p�0.05 (Young-Female vs Old) by Steel -Dwass test
p -value (Young-Male vs Young-Female vs Old) by kruskal -wallis test
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for conserving physical capacity and enabling independent life-
styles in old age. Therefore, the human economic and societal im-
pact from decreased SMM is enormous rehabilitation programs
have been considered to be the best option for maintaining and
restoring functional ability in older people following a fall or disabil-
ity.
Several factors are involved in the maintenance of activities of
daily living (ADL) in older adults. Skeletal muscle mass and strength
are important factors for maintaining independence and quality of
life in elderly. The values of SMM (10.6 kg), %SMM (43.7%) and
CHI (48.9%) might be the cutting edge of bedridden in old Japanese
women although further study particularly in old man should be
required. The present study also suggests that among participants
living in nursing homes, decreased intestinal calcium and phos-
phorus absorption is associated with SMM loss and walking diffi-
culty. The scope of gerontological nursing involves using compre-
hensive geriatric evaluation to fully understand the needs of the
older person. Therefore, it should be emphasized from this study
that SMM, %SMM of body weight and CHI values are important
and useful biomarker to design and provide rehabilitation pro-
gram for the maintaining and restoring SMM in each individual.

CONFLICT OF INTEREST

This study was financially supported by Meiji Co., Ltd. and the
Food Science Institute Foundation (Ryoushoku-kenkyukai)”.

ACKNOWLEDGEMENTS

This study was financially supported by Meiji Co., Ltd. and the
Food Science Institute Foundation (Ryoushoku-kenkyukai)” and
this is one of the cooperating program in Kenshokai group pro-
moting welfare society.

REFERENCES

1. Chien MY, Huang TY, Wu YT : Prevalence of sarcopenia esti-
mated using a bioelectrical impedance analysis prediction
equation in communitv-dwelling elderly people in Taiwan. J
Am Geriatr Soc 56 : 1710-1715, 2008

2. Cawthon PM, Marshall LM, Michael Y, Dam TT, Ensrud KE,
Barrett -Connor E, Orwoll ES ; Osteoporotic Fractures inMen
Research Group : Fraility of older men : Prevalence, Progres-
sion, and relationship with mortality. J Am Geriatr Soc 55 :
1216-1223, 2007

3. Rolland Y, Czerwinski S, Abellan Van Kan G, Morley JE,
Cesari M, Onder G, Woo J, Baumgartner R, Pillard F, Boirie Y,
Chumlea WM, Vellas B : Sarcopenia : its assessment, etiol-
ogy, pathogenesis, consequences and future perspectives. J
Nutr Health Aging 12 : 43-50, 2008

4. Topinkova E : Aging, disability and frailty. Ann Nutr Metab
Suppl 1 : 526-511, 2008

5. Janssen I, Ross R : Linkingage-related changes in skeletal
muscle mass and composition with metabolism and disease.
Journal of Nutrition, Health and Aging 9 : 408-419, 2005

6. Lukaski HC : Evolution of bioimpedance : a circuitous journey
from estimation of physiological function to assessment of body
composition and a return to clinical research. Eur J Clin
Nutr 67 (Suppl 1) : S2-S9, 2013

7. Haverkort EB, Reijven PL, Binnekade JM, de van der Schueren
MA, Earthman CP, Gouma DJ, de Haan RJ : Bioelectrical im-
pedance analysis to estimate body composition in surgical and
oncological patients : a systematic review. Eur J Clin Nutr
69 : 3-13, 2015

8. Earthman CP : Body composition tools for assessment of adult
malnutrition at the bedside : a tutorial on research considera-
tions and clinical applications. J Parenter Enteral Nutr 39 :
787-822, 2015

9. Beddhu S, Pappas LM, Ramkumar N, Samore M : Effects of

Table 2
Young Old p-value

Sex(n) Male(6) Female(7) Female(4)
N- intake(g/d) 12.1�1.8 11.8�2.9 6.9�1.2 0.956
N-excretion(g/d) 10.7�1.7* 7.9�1.2* 4.3�0.5 0.027
N-balance(g/d) 1.4�2.4 3.9�2.9 2.7�0.8 0.401
N-absorption rate(%) 93.0�20.3 75.2�20.4 62.8�5.1 0.258
Na- intake(mg/d) 2611�497.6 2612�494.0 2388.5�126.9 1.000
Na-excretion(mg/d) 3957.0�897.6 3016.5�819.3 2287.5�327.6 0.200
Na-balance(g/d) -1345.3�1101.2 -404.8�1025.1 101.0�371.6 0.488
Na-absorption rate(%) 159.1�51.7 119.9�43.1 97.0�15.3 0.326
Ca- intake(mg/d) 644.1�122.9 644.5�122.0 538.9�31.9 1.000
Ca-excretion(mg/d) 95.7�30.2 131.1�41.6 52.5�17.1 0.258
Ca-balance(g/d) 548.6�122.9 513.4�127.9 486.4�27.0 0.975
Ca-absorption rate(%) 15.0�5.2 21.0�8.4 9.6�3.0 0.258
P- intake(mg/d) 1076.6�205.2 1122.9�212.4 808.3�47.0 1.000
P-excretion(mg/d) 730.0�140.3* 540.6�94.1* 256.3�49.7 0.040
P-balance(g/d) 346.6�231.0 582.4�238.4 552.0�7.9 0.258
P-absorption rate(%) 71.3�17.3 53.5�15.0 31.6�4.6 0.151
* : p�0.05 (Young-Male vs Young-Female) by Steel -Dwass test
: p�0.05 (Young-Male vs Old) by Steel -Dwass test
: p�0.05 (Young-Female vs Old) by Steel -Dwass test
p -value (Young-Male vs Young-Female vs Old) by kruskal -wallis test

124 T. Morishita, et al. Skeletal muscle mass in Japanese elderly



body size and body composition on survival in hemodialysis
patients. J Am Soc Nephrol 14 : 2366-2372, 2003

10. Proctor DN, O’Briem PC, Atkinson EJ Nair KS : Comparison
of techniques to estimate total body skeletal muscle mass in
people of different age groups. Am J Physiol 277 : E89-95,
1999

11. Heymsfield SB, Arteaga C, McManus C, Smith J, Moffitt S :
Measurement of muscle mass in humans : validity of the 24-
hour urinary cleatinine method. Am J Clin Nutr 37 : 478-494,
1983

12. Wang ZM, Gallagher D, Nelson ME, Matthews DE, Heymsfield
SB : Total -body skeletal muscle mass : evaluation of 24-h uri-
nary creatinine excretion by computerized axial tomography.
Am J Clin Nutr 63 : 863-869, 1996

13. Welle S, Thornton C, Totterman S, Forbes G : Utility of cre-
atinine excretion inbody-composition studies of healthy men
and women older than 60y. Am J Clin Nutr 63 : 151-156, 1996

14. Oterdoom LH, van Ree RM, de Vries AP, Gansevoort RT,
Schouten JP, van Son WJ, Homan van der Heide JJ, Navis G, de
Jong PE, Gans RO, Bakker SJ : Urinary creatinine excretion
reflecting muscle mass is a predictor of mortality and graft
loss in renal transplant recipients. Transplantation 86 : 391-

398, 2008
15. Lukaski HC : Estimation of muscle mass, in Roche AF,
Heymsfield SB, Lohman TG (eds) : Human Body Composi-
tion, Champaign, IL, Human Kinetics, 1996, pp109-128

16. Stephenson GR, Moretti EW, El-Moalem H, Clavien PA,
Tuttle -Newhall JE : Malnutrition in liver transplant patients :
preoperative subjective global assessment is predictive of out-
come after liver transplantation. Transplantation 72 : 666-670,
2001

17. Huisman EJ, Trip EJ, Siersema PD, van Hoek B, van Erpecum
KJ : Protein energy malnutrition predicts complications in liver
cirrhosis. Eur J Gastroenterol Hepatol 23 : 982-989, 2011

18. Fried P, Tangen C, Walston J, Newman A, Hirsch C,
Gottdiener J, McBurnie M : Frailty in older adults : Evidence
for a phenotype. J Gerontology Series A 50A : M1-M11, 2001

19. Cruz-Jentoft AJ, Baeyens JP, Baueretal JM : Sarcopenia :
European consensus on definition and diagnosis. Age and
Ageing 39 : 412-423, 2010.

20. Bandeen-Roche R, Xue Q, Ferrucci L, Walston J, Guralnik J,
Chaves P, Fried L : Phenotype of frailty : Characterization in
the women’s Health and aging studies. J Gerontology A Series
61, 262-266, 2006

The Journal of Medical Investigation Vol. 65 February 2018 125


