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ABSTRACT

Hishikawa N, Sawada K, Shono S, Sakurai M,
Yokozeki M, Maeda H, Ohashi S, Ueshima K, Mikami
Y. Accurate diagnosis of sarcopenia without using a
body composition analyzer in a convalescent
rehabilitation ward. Jpn J Compr Rehabil Sci 2023;
14: 26-32.

Objective: The Asian Working Group for Sarcopenia
2019 recommends diagnosing sarcopenia without
using a body composition analyzer and initiating
treatment early. The present study aimed to investigate
the accuracy of diagnosing sarcopenia without a body
composition analyzer in a convalescent rehabilitation
ward.

Methods: Eighty-five patients admitted to a
convalescent rehabilitation ward were included, and
sarcopenia diagnoses were performed with and
without a body composition analyzer. To assess the
accuracy of diagnosing sarcopenia without using a
body composition analyzer, sensitivity, specificity,
positive predictive value, and negative predictive
value were calculated relative to sarcopenia diagnoses
made using a body composition analyzer.
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Results: The sensitivity of the technique for diagnosing
sarcopenia was 0.94, specificity was 0.77, positive
predictive value was 0.86, and negative predictive
value was 0.90.

Conclusion: The accuracy of diagnosing sarcopenia
without using a body composition analyzer was high.
However, this technique may miss sarcopenia cases in
patients with increased calf circumference due to
adipose tissue and/or edema.

Key words: sarcopenia, AWGS2019, convalescent
rehabilitation ward, diagnosis

Introduction

Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal muscle mass and strength,
and is accompanied by physical impairment, poor quality
of life, and risk of death [1, 2]. Sarcopenia is classified as
primary when aging is recognized as the causative factor
and secondary when factors other than, or in addition to,
aging are involved (e.g., disease-, physical inactivity-,
or malnutrition-related factors). The prevalence of
sarcopenia in community-dwelling older adults in Japan
is reportedly about 8.0% [3—6]. In contrast, it is around
6-7 times more prevalent in patients admitted to
convalescent rehabilitation wards than in community-
dwelling older adults. Furthermore, sarcopenia in patients
on convalescent rehabilitation wards was associated with
dysphagia and impaired recovery of activities of daily
living, leading to a lower rate of home discharge [7-9].

The measurement of skeletal muscle mass using
bioelectrical impedance analysis or dual-energy X-ray
absorptiometry is required for the diagnosis of
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sarcopenia. However, as the measurement devices are
very expensive, they tend to be available only in medical
and research facilities with specialized equipment (e.g.,
university hospitals or medical/research facilities
managing outpatients with locomotive syndrome or
frailty), which may be a barrier to extending sarcopenia
diagnosis and treatment to convalescent rehabilitation
wards. According to the latest criteria of the Asian
Working Group for Sarcopenia 2019 (AWGS2019),
sarcopenia can be diagnosed even in medical facilities
without a body composition analyzer: patients can be
screened based on clinical variables such as calf
circumference (CC), and deterioration of muscle
strength (grip strength) or physical function (5-time
chair stand test) [10]. If sarcopenia can be diagnosed
appropriately without a body composition analyzer,
early detection and treatment will be possible even in
convalescent rehabilitation wards not equipped with
expensive measuring devices, which could improve the
prognosis and outcome of inpatients.

The method for diagnosing sarcopenia without a
body composition analyzer recommended by the
AWGS2019 has already been reported to provide high
diagnostic accuracy in outpatients with locomotive
syndrome and frailty [11]. However, its performance
in patients admitted to a convalescent rehabilitation
ward who are elderly and have various comorbidities
is unclear. The present study aimed to investigate the
accuracy of diagnosing sarcopenia without a body
composition analyzer among inpatients in a
convalescent rehabilitation ward.

Methods

1. Participants

This cross-sectional study included patients aged
over 20 years who were admitted to a 46-bed
convalescent rehabilitation ward from October 2020 to
February 2021. The ward is in a community-based
rehabilitation hospital in Kyoto, Japan, a city with a
population of approximately 1.46 million (approximately
28% aged over 65 years). All patients were transferred
from an acute care hospital to the rehabilitation hospital
after their condition had stabilized. The exclusion
criteria were cardiac pacemaker, loss of any of the four
extremities, disturbance of consciousness or severe
cognitive impairment, pregnancy, and refusal to
participate. The study was approved by the hospital’s
ethics review board (approval number ERB-C-2713)
and conducted in accordance with the Declaration of
Helsinki and Ethical Guidelines for Medical and
Biological Research Involving Human Subjects. All
study participants or their proxies provided oral and
written informed consent.

2. Clinical setting
Demographic data collected were age, sex, height,
weight, body mass index, reason for admission, time

(days) from onset of main condition (e.g., stroke, skeletal
conditions), comorbidities, dysphagia, nutritional status,
and Functional Independence Measure. Comorbidities
were assessed using Charlson’s comorbidity index [12].
Dysphagia was assessed using the Food Intake LEVEL
Scale [13], and nutritional status was assessed using the
Geriatric Nutritional Risk Index [14]. Body composition
was measured in the morning (9:00 to 12:00) via the
bioelectrical impedance analysis method using a body
composition analyzer (InBody S10; InBody Japan Inc.,
Tokyo, Japan), and body fat percentage, extracellular
water/total body water (ECW/TBW), and muscle
quantity were recorded. The skeletal muscle mass index
(SMI) was calculated by dividing the total lean muscle
mass in the four extremities by the square of the height.

3. Sarcopenia diagnosis

Sarcopenia was diagnosed using the criteria of
AWGS2019 [10] as follows: using a body composition
analyzer when SMI and grip strength were decreased;
and without using a body composition analyzer when
CC and grip strength were decreased. Grip strength
was measured using a digital hand dynamometer
(TKK-5401; Takei Scientific Instruments Co., Ltd.,
Niigata, Japan), and the maximum value was recorded
after measuring each side twice. CC was measured
using a commercial measuring device, and the
maximum value was recorded after measuring the
thickest part of both lower legs. The cutoff values for
sarcopenia diagnosis were: SMI <7.0 kg/m? in men
and <5.7 kg/m? in women,; grip strength <28.0 kg in
men and <18.0 kg in women; and CC <34.0 cm in men
and <33.0 cm in women. From these results, the
prevalence of sarcopenia was calculated for both
techniques, i.e., with and without using a body
composition analyzer.

4. Statistical analysis

EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical
Computing, Vienna, Austria), was used to perform
statistical analyses [15]. P values <0.05 were considered
statistically significant. Using descriptive statistics, a
histogram was created to present age as a frequency
distribution. Demographic data were presented as mean
(standard deviation) for ratio scales, median (lower
quartile, upper quartile) for ordinal scales, and as
percentage (number) for nominal scales. The two-
sample # test was used for ratio scales, Mann-Whitney
U test for ordinal scales, and Fisher’s exact test for
nominal scales when comparing the demographic data
of patients diagnosed with sarcopenia with and without
using a body composition analyzer. To describe the
accuracy of the method for diagnosing sarcopenia
without a body composition analyzer, sensitivity,
specificity, positive predictive value, and negative
predictive value were calculated. To identify potential
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confounding factors associated with CC, associations
between SMI, body fat percentage, and ECW/TBW as
explanatory variables were calculated using multiple
regression analysis.

Results

One hundred-nine patients were enrolled in the
present study. A flow diagram showing reasons for
exclusion and the number of patients included in the
final analysis group (N=85) is presented in Figure 1.
Table 1 shows patient demographic data, and Figure 2
illustrates the frequency distribution of participant age.
More than half of the patients were in their seventies to
eighties, and the majority were of advanced age. The
mean of the Functional Independence Measure motor

Patients over 20 years old admitted to
46-bed convalescent rehabilitation ward
(n=109)
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Figure 2. Age distribution of patients in the analysis
group.

The X-axis shows patient age, grouped in 10-year age
ranges. The Y-axis indicates the number of patients.

Reason for exclusion
"""""""" » « Wearing a cardiac pacemaker (n = 2)
* Disturbance of consciousness or severe cognitive impairment (n = 8)

Reason for exclusion
"""""""" >« Declined participation (n = 3)
* Missing data (n = 11)

Analysis group
(n=285)

Figure 1. Patient flow diagram of the study.

Table 1. Demographic data for participants in the analysis group.

Age, years
Sex, % (number)
Male
Female
Height, cm
Weight, kg
Body mass index, kg/m?

Reason for admission, % (number)

Stroke
Brain infarction
Brain hemorrhage
Subarachnoid hemorrhage
Skeletal conditions
Proximal femoral fracture
Distal femoral fracture

Lumbar compression fracture

Total hip arthroplasty
Total knee arthroplasty
Others

Time from onset of main condition, days
Functional Independence Measure

Motor total score
Cognitive total score

76.2 (12.5)

40.0 (34)
60.0 (51)
156.9 (10.3)
53.2(12.6)
214 (3.7)

55.3 (47)
34.1 (29)
20.0 (17)
1.2(1)
28.2 (24)
23.5 (20)
24(2)
24(2)
1.2(1)
3.5(3)
11.8 (10)
71.9 (54.2)

60.8 (21.8)
24.6 (7.7)

Data are mean (standard deviation) or percentage (number of patients).
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total score was 60.8 (12.5); the majority of patients
required assistance with activities of daily living. There
were no significant differences in the demographic data
of patients diagnosed with sarcopenia with and without
using a body composition analyzer (Table 2). The
prevalence of sarcopenia was 58.8% (male: 18 patients,
female: 32 patients, total: 50 patients) when using a
body composition analyzer, and 64.7% (male: 20
patients, female: 35 patients, total: 55 patients) without
using a body composition analyzer (Figure 3). Table 3
shows the cross tabulation of the results for sarcopenia
diagnoses with and without a body composition
analyzer. The diagnostic accuracy of a sarcopenia
diagnosis without using a body composition analyzer,
versus using a body composition analyzer, was:
sensitivity, 0.94 (95% confidence interval [CI],
0.84-0.99); specificity, 0.77 (95% CI, 0.60-0.90);
positive predictive value, 0.86 (95% CI, 0.73-0.94);
and negative predictive value, 0.90 (95% CI, 0.74-0.98).
The multiple linear regression model equation between
CC and potential confounding factors was statistically
significant (p <0.01). The validity of the model equation
was 0.69 with adjusted R-squared. SMI (regression
coefficient, 2.26; 95% CI, 1.84-2.69; p < 0.01), body fat
percentage (regression coefficient, 0.21; 95% CI,
0.16-0.26; p < 0.01), and ECW/TBW (regression
coefficient, -51.0; 95% CI, -93.2 to -8.8; p < 0.05)
were all significant as explanatory variables. There was
no multicollinearity with SMI (variance inflation factor
[VIF] = 1.27), body fat percentage (VIF = 1.15), and
ECW/TBW (VIF = 1.16).

Discussion

The present study investigated the diagnostic accuracy
of the method for diagnosing sarcopenia without using
a body composition analyzer recommended by the
AWGS2019 in patients admitted to a convalescent
rehabilitation ward. In our cohort, diagnosing sarcopenia
without using a body composition analyzer provided
high accuracy.

The prevalence of sarcopenia in patients admitted to
the convalescent rehabilitation ward has previously
been reported to be about 50.0% [5, 6], which is
similar to the prevalence in our cohort. However, there
is no unified consensus on sarcopenia diagnosis.
In particular, based on the criteria published by the
Group for the European Working Group on Sarcopenia
in Older People in 2010 [2], subsequent reports have
set their own algorithm and cutoff values [16-18].
Although these reports all state that it is essential
to use a body composition analyzer, the criteria of
the AWGS2019 used in this study make it possible
to diagnose sarcopenia simply, without a body
composition analyzer. Compared with the results for
sarcopenia diagnosed using a body composition
analyzer, overall, the diagnostic accuracy without
using a body composition analyzer was high. In
addition, CC and grip strength assessed during the
sarcopenia diagnostic process are useful indicators in
clinical settings, because both parameters are
associated with prognosis and outcome in patients
admitted to convalescent rehabilitation wards [19, 20].
Therefore, we believe that diagnosing sarcopenia

Table 2. Comparison of demographic data for patients diagnosed with sarcopenia with and without using a body

composition analyzer.

With a body Without a body
composition analyzer composition analyzer p Value
(n=150) (n=155)

Age, years 79.6 (9.5) 78.9 (11.4) 0.75
Sex, % (number) 1.00

Male 36.0 (18) 36.4 (20)

Female 64.0 (32) 63.6 (35)
Height, cm 154.7 (9.5) 154.7 (10.2) 0.98
Weight, kg 47.9 (8.0) 48.1 (8.3) 0.92
Body mass index, kg/m? 20.0 (2.6) 20.0 (2.5) 0.94
Time from onset of main condition, days 71.9 (45.2) 75.7 (44.3) 0.66
Comorbidities

Charlson’s comorbidity index 2.3(1.5) 2.3(1.5) 0.98
Dysphagia

Food Intake LEVEL Scale 9 (8, 10) 9 (8, 10) 0.96
Nutritional status

Geriatric Nutritional Risk Index 86.6 (9.4) 87.0 (9.8) 0.84
Functional Independence Measure

Motor total score 55.7 (22.3) 56.5 (22.4) 0.85

Cognitive total score 22.1(7.7) 22.2 (7.6) 0.97

Data are mean (standard deviation), median (lower quartile, upper quartile), or percentage (number of patients).
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A) Relationship between SMI and grip strength
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Figure 3. Relationship between SMI or CC and grip strength.

Relationship between A) SMI and grip strength and B) CC and grip strength for males and females in the analysis
group. Open circles in the gray frames in A) denote patients diagnosed with sarcopenia using a body composition
analyzer and in B) denote patients diagnosed with sarcopenia without using a body composition analyzer. SMI:
skeletal muscle mass index, CC: calf circumference.

Table 3. Cross tabulation of diagnostic results for sarcopenia with and without using a body composition analyzer.

Without a body composition analyzer

Sarcopenia Non-sarcopenia Total
Sarcopenia 47 3 50
With a body composition analyzer ~ Non-sarcopenic 8 27 35
Total 55 30 85

Data are numbers of patients.

without using a body composition analyzer is valuable
in patients admitted to convalescent rehabilitation
wards not only because it delivers high diagnostic
accuracy but also because the diagnostic process
supplies highly useful clinical parameters.

The diagnostic accuracy of screening for sarcopenia
without using a body composition analyzer showed
high sensitivity with lower specificity. CC assessed in
this study can be measured easily in general medical
facilities and has been used as a surrogate marker
for skeletal muscle mass in other studies [21-25].
However, one limitation of CC is that the influence of
factors such as adipose tissue and edema cannot be
completely eliminated [26, 27]. In the present study,
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skeletal muscle mass as well as adipose tissue and
edema were independently associated with CC. In
patients with increased CC associated with adipose
tissue and/or edema despite decreased skeletal muscle
mass due to aging and/or disease (e.g., paralysis,
skeletal disease), sarcopenia diagnosis without using a
body composition analyzer may return a negative
result. To address these issues, it is necessary to
combine CC with examination and palpation results,
which are often used in clinical settings, to make a
comprehensive diagnosis because it reduces the
influence of adipose tissue and/or edema. SMI, which
was used in the diagnosis of sarcopenia using a body
composition analyzer, is an index that reflects the
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skeletal muscle mass of the extremities. Patients
admitted to convalescent rehabilitation wards often
have comorbidities, such as hemiplegia or unilateral
lower extremity fractures, that tend to be localized to a
particular part. Therefore, changes in skeletal muscle
mass are more likely to be specific to the affected
side. Further studies are necessary to establish an
index of skeletal muscle mass that reflects disease
characteristics.

The present study had several limitations. First, our
study had a small sample size. Consequently, the
diagnostic accuracy for sarcopenia without using a
body composition analyzer could not be analyzed by
sex or cause of admission. Second, the reliability of
the body composition data (e.g., skeletal muscle mass)
may have been low because the time of day when the
parameters necessary for the sarcopenia diagnosis
were measured could not be strictly controlled. Third,
we used grip strength as a measure of muscle strength,
rather than the 5-time chair stand test as a measure of
physical function, for the diagnosis of sarcopenia
without using a body composition analyzer. Fourth,
our study only assessed the diagnostic accuracy of the
AWGS2019 method for sarcopenia diagnosis without
using a body composition analyzer. Finally, results for
grip strength and CC were recorded as the maximum
left and right values without considering the dominant
arm/leg or the paralyzed/injured limb.

Conclusion

The present study showed that the method
recommended by the AWGS2019 for sarcopenia
diagnosis without using a body composition analyzer
provides high diagnostic accuracy even in patients
admitted to a convalescent rehabilitation ward.
However, the disadvantage of the CC measurement
required in this method is that the influence of factors
such as adipose tissue and edema cannot be completely
eliminated. To improve the diagnostic accuracy for
sarcopenia without using a body composition analyzer,
CC should be combined with examination and
palpation results, which are commonly used in the
clinical setting, to make a comprehensive diagnosis.

Acknowledgments
We thank the rehabilitation staff of Gakusai Hospital
who participated in this study.

References

1. Rosenberg IH. Summary comments. Am J Clin Nutr
1989; 50: 1231-3.

2. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, Landi F, et al. European Working Group on
Sarcopenia in Older People. Sarcopenia: European
consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People.
Age Ageing 2010; 39: 412-23.

3. Yoshida D, Suzuki T, Shimada H, Park H, Makizako H,

Doi T, et al. Using two different algorithms to determine
the prevalence of sarcopenia. Geriatr Gerontol Int 2014;
14: 46-51.

4. Yoshimura N, Muraki S, Oka H, lidaka T, Kodama R,
Kawaguchi H, et al. Is osteoporosis a predictor for future
sarcopenia or vice versa? Four-year observations between
the second and third ROAD study surveys. Osteoporos Int
2017; 28: 189-99.

5. Sanchez-Rodriguez D, Calle A, Contra A, Ronquilo N,
Rodriguez-Marcos A, Vazquez-Ibar O, et al. Sarcopenia
in post-acute care and rehabilitation of older adults: A
review. Eur Geriatr Med 2016; 7: 224-31.

6. Yoshimura Y, Wakabayashi H, Bise T, Tanoue M.
Prevalence of sarcopenia and its association with activities
of daily living and dysphagia in convalescent rehabilitation
ward inpatients. Clin Nutr 2018; 37: 2022-8.

7. Yoshimura Y, Wakabayashi H, Bise T, Nagano F, Shimazu
S, Shiraishi A, et al. Sarcopenia is associated with worse
recovery of physical function and dysphagia and a lower rate
of home discharge in Japanese hospitalized adults undergoing
convalescent rehabilitation. Nutrition 2019; 61: 111-8.

8. Sanchez-Rodriguez D, Marco E, Miralles R, Fayos M,
Mojal S, Alvarado M, et al. Sarcopenia, physical rehabilitation
and functional outcomes of patients in a subacute geriatric
care unit. Arch Gerontol Geriatr 2014; 59: 39-43.

9. Yagi T, Inoue T, Ogawa M, Shimada Y, Heguri Y, Okada
R, et al. Sarcopenia affects activities of daily living
recovery and hospitalization costs in older adults in
convalescent rehabilitation wards. Eur Geriatr Med 2021;
12: 1237-45.

10. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou
MY, lijima K, et al. Asian Working Group for Sarcopenia:
2019 Consensus Update on Sarcopenia Diagnosis and
Treatment. ] Am Med Dir Assoc 2020; 21: 300-7.

11. Ueshima J, Maeda K, Shimizu A, Inoue T, Murotani K,
Mori N, et al. Diagnostic accuracy of sarcopenia by
“possible sarcopenia” premiered by the Asian Working
Group for Sarcopenia 2019 definition. Arch Gerontol
Geriatr 2021; 97: 104484.

12. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A
new method of classifying prognostic comorbidity in
longitudinal studies: development and validation. J
Chronic Dis 1987; 40: 373-83.

13. Kunieda K, Ohno T, Fujishima I, Hojo K, Morita T.
Reliability and validity of a tool to measure the severity of
dysphagia: the Food Intake LEVEL Scale. J Pain

Symptom Manage 2013; 46: 201-6.

14. Bouillanne O, Morineau G, Dupont C, Coulombel I,
Vincent JP, Nicolis I, et al. Geriatric Nutritional Risk
Index: a new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr 2005; 82: 777-83.

15. Kanda Y. Investigation of the freely available easy-to-
use software ‘EZR’ for medical statistics. Bone Marrow
Transplant 2013; 48: 452-8.

16. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW,
Bahyah KS, et al. Sarcopenia in Asia: consensus report of
the Asian Working Group for Sarcopenia. ] Am Med Dir
Assoc 2014; 15: 95-101.

Jpn J Compr Rehabil Sci Vol 14, 2023



32 Hishikawa N et al.: Accurate sarcopenia diagnosis without a body composition analyzer

17. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE,
Newman AB, et al. Sarcopenia: an undiagnosed condition
in older adults. Current consensus definition: prevalence,
etiology, and consequences. International Working Group
on Sarcopenia. ] Am Med Dir Assoc 2011; 12: 249-56.

18. Studenski SA, Peters KW, Alley DE, Cawthon PM,
McLean RR, Harris TB, et al. The FNIH sarcopenia project:
rationale, study description, conference recommendations,
and final estimates. J Gerontol A Biol Sci Med Sci 2014; 69:
547-58.

19. Nishioka S, Wakabayashi H, Yoshida T. Accuracy of
non-paralytic anthropometric data for nutritional
screening in older patients with stroke and hemiplegia.
Eur J Clin Nutr 2017; 71: 173-9.

20. Di Monaco M, Castiglioni C, De Toma E, Gardin L,
Giordano S, Tappero R. Handgrip strength is an independent
predictor of functional outcome in hip-fracture women: a
prospective study with 6-month follow-up. Medicine
(Baltimore) 2015; 94: e542.

21. Physical status: the wuse and interpretation of
anthropometry. Report of a WHO Expert Committee.
World Health Organ Tech Rep Ser 1995; 854: 1-452.

22. Kuyumcu ME, Halil M, Kara O, Cuni B, Caglayan G,
Giiven S, et al. Ultrasonographic evaluation of the calf
muscle mass and architecture in elderly patients with and

Jpn J Compr Rehabil Sci Vol 14, 2023

without sarcopenia. Arch Gerontol Geriatr 2016; 65:
218-24.

23. Kawakami R, Murakami H, Sanada K, Tanaka N, Sawada
SS, Tabata I, et al. Calf circumference as a surrogate marker
of muscle mass for diagnosing sarcopenia in Japanese men
and women. Geriatr Gerontol Int 2015; 15: 969-76.

24. Maeda K, Koga T, Nasu T, Takaki M, Akagi J. Predictive
Accuracy of calf circumference measurements to detect
decreased skeletal muscle mass and European Society for
Clinical Nutrition and metabolism-defined malnutrition in
hospitalized older patients. Ann Nutr Metab 2017; 71:
10-5.

25. Compher C, Cederholm T, Correia MITD, Gonzalez MC,
Higashiguch T, Shi HP, et al. Guidance for assessment of the
muscle mass phenotypic criterion for the Global Leadership
Initiative on Malnutrition diagnosis of malnutrition. JPEN J
Parenter Enteral Nutr 2022; 46: 1232-42.

26. Ishida Y, Maeda K, Nonogaki T, Shimizu A, Yamanaka
Y, Matsuyama R, et al. Impact of edema on length of calf
circumference in older adults. Geriatr Gerontol Int 2019;
19: 993-8.

27. Nindl BC, Scoville CR, Sheehan KM, Leone CD, Mello
RP. Gender differences in regional body composition and
somatotrophic influences of IGF-I and leptin. J Appl
Physiol 2002; 92: 1611-8.



