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Introduction

Sarcopenia has been described by Rosenberg and Roubenoff 
(1) as aging-related muscle mass loss and is currently 
recognized as a disease associated with low muscle mass and 
reduced muscle function (2, 3).

In recent years, low muscle strength has been suggested as a 
better predictor of adverse health outcomes than muscle mass 
loss (2, 3). Thus, in the revised sarcopenia diagnostic criteria 
of the European Working Group on Sarcopenia in Older People 
(EWGSOP), measurement of muscle strength is prioritized 
over assessment of muscle mass in the diagnostic process (2). 
However, muscle mass loss is essential for definitive diagnosis, 
and dual-energy X-ray absorptiometry (DXA) is recommended 
for quantifying muscle mass in the clinical setting (2, 3).

The EWGSOP 2 and Asian Working Group for Sarcopenia 
(AWGS) 2019 consensus reports set the cutoff value of muscle 
mass by dividing appendicular skeletal muscle mass (ASM) 
by height squared (ASM/ht2) (2-4). However, a previous study 
has suggested that obese older adults have lower fat-free mass 

(FFM) per body weight than non-obese older adults, despite the 
fact that absolute FFM was greater in obese older adults in that 
study (5). This suggests an important limitation of ASM/ht2 for 
assessing muscle mass. In fact, previous studies have shown 
that ASM/ht2 does not have a strong relationship with physical 
disability (6, 7). Other methods of assessing muscle mass using 
body weight (ASM/weight) (8) or body mass index (BMI, 
ASM/BMI) (9) have been proposed in addition to ASM/ht2. 
EWGSOP 2 recognizes that it is unclear which method is best 
and whether those methods are applicable to all populations (2), 
and AWGS 2019 also states that there is lack of evidence about 
applicability of these methods to Asian people (3). Although 
it has been established that proper diagnosis of sarcopenia 
is essential in medical care, there is no consensus on the 
usefulness of other measuring methods apart from DXA, such 
as computed tomography and D3-creatine dilution (2, 3, 10). 

Therefore, we investigated the association of three methods 
of muscle mass adjustment (i.e., ASM/ht2, ASM/weight, and 
ASM/BMI) with low muscle strength and low physical function 
in Japanese older outpatients.
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Methods

Study setting and participants
Data for this cross-sectional study was obtained from the 

Frail Registry Study, which included outpatients in a general 
geriatric hospital in Aichi, Obu, Japan, between June 2017 and 
July 2019. All 497 participants were outpatients of the frailty 
clinic, and physical composition and function were measured at 
the first visit to the clinic. There was no patient with activities 
of daily living (ADL) disability, as defined by Katz index score 
<5 (11).

We excluded participants aged <65 years (n=28), those 
who were planning orthopedic surgery (n=87), those who had 
missing DXA data (n=3), and those in whom muscle function 
was not measured (n=18). Finally, data from 361 patients (134 
males, 37.1%) were analyzed.

All participants provided written informed consent before 
being included in the study. The study was conducted in 
accordance with the Declaration of Helsinki, and the Ethics 
Committee of Human Research of the National Center for 
Geriatrics and Gerontology, Japan, approved the study protocol 
(No. 881-7).

Table 1 
Characteristics of study participants

Overall Muscle strength Physical function

Low a Normal P-value Low b Normal P-value

n=361 n =114 n =247 n =181 n =180

Males n, % 134,37.1 46,40.4 88,35.6 0.388 65,35.9 69,38.3 0.634

Age, year Mean ± SD 77.9±5.9 80.2±5.7 76.9±5.8 <0.001 79.5±5.8 76.4±5.7 <0.001

Body height, cm Mean ± SD

  Male 161.9±5.9 159.4±6.5 163.3±5.1 <0.001 160.8±6.0 163.0±5.7 0.029

  Female 148.8±6.2 145.3±6.9 150.3± 5.3 <0.001 146.7±6.2 150.9±5.5 <0.001

Body weight, kg Mean ± SD

  Male 60.5±9.7 59.3±11.6 61.3±8.6 0.266 60.1±10.1 61.0±9.5 0.586

  Female 51.2±10.0 48.7±11.3 52.3±9.2 0.010 50.9±10.0 51.6 ± 10.0 0.598

BMI, kg/m2 Mean ± SD 23.1±3.9 23.1±4.6 23.1±3.6 0.958 23.5±4.1 22.8±3.7 0.075

BMI ≥25 kg/m2 n, % 97,26.9 38,33.3 59,23.9 0.060 62,34.3 35,19.4 0.002

ASM, kg Mean ± SD

  Male 17.6±2.6 16.8±2.7 18.1±2.5 0.006 17.0±2.5 18.2±2.6 0.005

  Female 13.0±2.2 12.2±2.4 13.4±2.1 <0.001 12.6±2.3 13.4±2.1 0.007

ASM/ht2 Mean ± SD

  Male 6.7±0.8 6.6±0.9 6.8±0.8 0.296 6.6±0.9 6.8±0.8 0.047

  Female 5.9±0.9 5.8±1.1 5.9±0.8 0.208 5.9±1.0 5.9±0.8 0.865

ASM/weight Mean ± SD

  Male 29.2±2.6 28.6±3.1 29.6±2.2 0.044 28.4±2.5 30.0±2.5 <0.001

  Female 25.6±2.5 25.3±2.5 25.8±2.5 0.169 25.0±2.4 26.3±2.5 <0.001

ASM/BMI Mean ± SD

  Male 0.769±0.095 0.728±0.098 0.790±0.086 <0.001 0.736±0.090 0.799±0.090 <0.001

  Female 0.568±0.074 0.534±0.065 0.583±0.073 <0.001 0.539±0.065 0.599±0.071 <0.001

Grip strength, kg Mean ±SD

  Male 30.1± 6.8 22.7±3.8 33.9±4.4 <0.001 27.7±6.9 32.3±5.9 <0.001

  Female 20.5±5.0 14.7±2.4 22.9±3.6 <0.001 18.8±4.6 22.2±4.8 <0.001

Gait speed, m/s Mean ± SD 1.1±0.3 1.0± 0.3 1.1± 0.3 <0.001 0.9±0.2 1.3±0.2 <0.001

SPPB, range 0-12 Mean ± SD 10.2±2.0 9.3±2.2 10.6±1.8 <0.001 8.7±1.8 11.6±0.6 <0.001

5CS, seconds Mean ± SD 11.5±4.4 12.8±4.7 10.8±4.1 <0.001 14.1±4.7 8.8±1.6 <0.001

a. Grip strength <28 kg for male or <18 kg for female, based on AWGS 2019 criteria; b. Gait speed<1.0 m/s or 5CS ≥12 seconds or SPPB ≤9 scores, based on AWGS 2019 criteria; BMI, 
body mass index; SD, standard deviation; ASM, appendicular skeletal muscle mass; SPPB, short physical performance battery; 5CS, 5-time chair stand test; AWGS, Asian Working Group 
for Sarcopenia
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Independent variables: three methods of muscle mass 
adjustment

Body composition was measured using DXA (Lunar iDXA; 
GE Healthcare, Chicago, IL) and ASM was calculated by 
summing the values of lean soft-tissue mass in the arms and 
legs as described by Heymsfield et al. (12). 

1) ASM/ht2 was calculated as follows: ASM/ht2 = ASM (kg) 
/ [height (m)]2 (4).

2) ASM/weight was calculated as follows: ASM/weight = 
ASM (kg) / body weight (kg) × 100 (8). 

3) ASM/BMI was proposed by the Foundation for the 
National Institutes of Health (FNIH) Sarcopenia Project in 2014 
(9). BMI was calculated from anthropometric data, using the 
following formula: BMI = weight (kg) / [height (m)]2. ASM/
BMI was calculated as follows: ASM/BMI = ASM (kg) / BMI 
(kg/m2).

Outcome measures: muscle strength and physical function
Low muscle strength was defined as grip strength <28 kg 

for males and <18 kg for females, based on the AWGS 2019 
criteria (3). Maximal grip strength was measured twice in each 
hand with the patient in sitting position, using a new hand 
dynamometer developed in our institute (13).

Low physical function was defined as low performance in 
one or more of three functional assessment parameters (i.e., gait 
speed, short physical performance battery (SPPB), and five-
time chair stand test (5CS)), based on the AWGS 2019 criteria 
(3). Low gait speed was defined as usual gait speed <1.0 m/s 
as measured using the detection plate walkway (Anima Co., 
Ltd., Tokyo, Japan). Low SPPB was defined as score ≤9, and 
low 5CS was defined as ≥12 seconds. These functions were 
measured by trained physiotherapists. 

Statistical analysis 
The mean and standard deviation (SD) were calculated. 

T-test or chi-square test was used to compare patients with or 
without low muscle strength, and patients with or without low 
physical function.

We compared the age-adjusted odds ratios (ORs) of ASM/
ht2, ASM/weight, and ASM/BMI for low muscle strength 
and low physical function using multiple logistic regression 
analysis. The SDs of ASM/ht2, ASM/weight, and ASM/BMI 
were calculated for both males and females. We set the -1SDs 
of these three methods as the independent variables and set low 
muscle strength, low physical function, and either of the two as 
the outcome measures. 

The receiver-operating characteristic (ROC) curves and the 
area under the curve (AUC) of ASM/ht2, ASM/weight, and 
ASM/BMI were obtained. The Youden indexes (YIs) of ASM/
ht2, ASM/weight, and ASM/BMI were calculated as sensitivity 
+ specificity -1. 

Analyses were performed with Statistical Analysis System 
version 9.3 (SAS Institute, Cary, NC), and only the ROC 
analysis was performed with the Statistical Package for Social 
Sciences version 23.0 (IBM Japan, Tokyo, Japan). Statistical 
significance was indicated by a two-sided P-value <0.05. We 
repeated the analysis for the three independent measures; 
however, multiplicity correction of statistical significance was 
not considered because we judged by the statistical results. 
This interpretation coincides with the view of the American 
Statistical Association (14).

Results

Table 1 shows the characteristics of the study participants. 
Of 361 participants, 31.5% had low muscle strength, and 

Table 2 
Comparisons of the odds ratios of the three methods of muscle mass adjustment for both low muscle strength and low physical 

functiona (n=361)

Low muscle strengthb Low physical functionc Either low strengthb or low functionc

OR 95%CI p OR 95%CI p OR 95%CI p

Male

  ASM/ht2 (-1SD) 1.13 0.77-1.66 0.542 1.34 0.92-1.95  0.125 1.08 0.75-1.55  0.699

  ASM/weight (-1SD) 1.43 0.98-2.10 0.064 1.97 1.32-2.94  0.001 1.73 1.18-2.54  0.005

  ASM/BMI (-1SD) 2.09 1.32-3.33 0.002 2.08 1.34-3.22  0.001 2.50 1.56-3.98 <0.001

Female

  ASM/ht2 (-1SD) 1.11 0.82-1.50 0.501 0.94 0.71-1.24  0.668 0.91 0.68-1.22  0.536

  ASM/weight (-1SD) 1.20 0.88-1.64 0.252 1.73 1.28-2.33 <0.001 1.81 1.33-2.47 <0.001

  ASM/BMI (-1SD) 1.87 1.29-2.73 0.001 2.43 1.68-3.50 <0.001 2.71 1.84-4.01 <0.001

a. Muscle mass adjustment calculations: ASM/ht2 = ASM (kg) / [height (m)]2; ASM/weight = ASM (kg) / weight (kg) × 100; ASM/BMI = ASM (kg) / BMI (kg/m2). Adjusted ORs were 
estimated by age adjustment; b. Grip strength <28 kg for male or <18 kg for female, based on AWGS 2019 criteria; c. Gait speed <1.0 m/s or 5CS ≥12 seconds or SPPB ≤9 scores, based 
on AWGS 2019 criteria; OR, odds ratio; CI, confidence interval; ASM, appendicular skeletal muscle mass; SD, standard deviation; BMI, body mass index; 5CS, 5-time chair stand test; 
SPPB, short physical performance battery; AWGS, Asian Working Group for Sarcopenia
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Figure 1
ROC curves of the three muscle mass adjustment methods for low muscle strength and low physical function

(A) to (F) show the ROC curves, AUCs, cut-off points based on maximum YIs, sensitivities, and specificities of the three methods of muscle mass assessment (i.e., ASM/BMI, ASM/ht2, and 
ASM/weight) for low muscle strength and function, as defined by AWGS 2019 criteria, in both males and females. (A) and (B) show the results for low muscle strength, which was defined as 
maximal grip strength <28 kg for males and <18 kg for females. (C) and (D) show the results for low physical function, which was defined as gait speed <1.0 m/s, SPPB ≤9 scores, and 5CS 
≥12 seconds, and participants were described as having low physical function when they had low function based on any of these measures. (E) and (F) show the results for patients who had 
either low muscle strength or low physical function; ROC, receiver operating characteristic; AUC, area under the curve; YI, Youden index; ASM, appendicular skeletal muscle mass; BMI, 
body mass index; AWGS, Asian Working Group for Sarcopenia; SPPB, short physical performance battery; 5CS, five-time chair stand test
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50.1% had low physical function. ASM (kg) and ASM/BMI 
in participants with low muscle strength were significantly 
lower than in participants with normal muscle strength, and 
these observations were also detected in participants with or 
without low physical function (all P <0.01), in both males and 
females; however, ASM/ht2 was not significantly different 
between groups. Table 2 shows the comparisons of the ORs of 
the three muscle mass adjustment methods for both low muscle 
strength and low physical function. In both males and females, 
only ASM/BMI was associated with low muscle strength, low 
physical function, and either of these. Figure 1 shows the ROC 
curves for low muscle strength and low physical function based 
on the three muscle mass adjustment methods. ASM/BMI 
showed the highest AUCs for low muscle strength, low physical 
function, and either of these, in both males and females.

Discussion

We investigated the cross-sectional association of three 
methods of muscle mass adjustment (i.e., ASM/ht2, ASM/
weight, and ASM/BMI) with low muscle strength and physical 
function in order to determine which of these methods is 
suitable for discriminating low muscle strength and low 
physical function. After age adjustment, in both males and 
females, only ASM/BMI was significantly associated with low 
strength and function, which were defined by the AWGS 2019 
criteria. Besides, the AUC of ASM/BMI for these outcomes 
was the highest. AWGS 2019 criteria have defined sarcopenia 
as low muscle mass with low muscle strength or physical 
function (3). Low muscle strength and physical function predict 
adverse outcomes such as mobility limitation, falls, ADL 
disability, and mortality (15). Thus, our findings suggest that 
ASM/BMI can detect sarcopenia and may more accurately 
predict prognosis. 

In the definitive criteria for sarcopenia, the measurement 
of muscle mass is important, but various problems have been 
identified (2, 3). Villareal et al. showed that muscle function 
in obese older adults was similar to that in non-obese frail 
older adults (5). Zoico et al. reported that high body fat status 
significantly predicted functional limitation in older women, 
whereas low muscle mass status was not significant (16). These 
previous studies suggest that adjustment of muscle mass by 
height misses obese individuals who are at high risk for poor 
health outcomes (5, 16).

ASM/weight was also proposed by Janssen et al. because 
mobility and ADL are influenced by body size (8). However, 
ASM/BMI may be superior to ASM/weight in adjusting for 
body size. Previous studies have suggested that ASM/BMI is an 
effective method for obese, diabetic, and pre-diabetic patients 
(9, 17, 18). Bahat et al. investigated the cutoff points of ASM/
weight and ASM/BMI for Turkish populations and observed 
that ASM/BMI was the best predictor of low grip strength (19). 
These findings support our study results.

The FNIH Sarcopenia Project proposed ASM/BMI as the 

best adjustment method that discriminated low grip strength 
in Westerners (9). Our findings showed similar results to the 
FNIH study. On the other hand, a pooled data analysis by 
the Sarcopenia Definitions and Outcomes Consortium found 
no remarkable differences between methods of muscle mass 
adjustment for discriminating slow walking speed (20). One 
possible explanation for the discrepancy in results would be 
ethnic differences in body composition and walking speed 
(21–23). It has been reported that Asians have a higher 
rate of body fat and a greater amount of intramuscular fat 
than Westerners, even if their BMI is comparable (21, 22). 
A previous study comparing walking speed between older 
Japanese and Caucasians suggested that the Japanese had faster 
walking speeds despite having lower BMIs (23). These findings 
indicate that ASM/ht2 may underestimate the relationship 
between physical performance and muscle mass, which may 
partly explain our study results. 

So far, few studies have found an association between ASM/
BMI and low muscle strength and function in older Asians (3, 
9, 24). In addition, the Asian sarcopenia criteria have just been 
revised in 2019 (3). Our findings suggest that ASM/BMI is also 
applicable to Asian older adults and is useful for future clinical 
care and study. 

This study has several limitations. First, this was a small 
cross-sectional study; thus, longitudinal association of the three 
muscle mass adjustment methods with adverse outcomes such 
as mortality should be investigated in a future study. Second, 
the study participants were Japanese outpatients in a frailty 
clinic, and it is possible that there were more functionally 
declined participants among this cohort than community-
dwellers. 

In conclusion, our findings suggest that ASM/BMI is best 
associated with low muscle strength and function in Japanese 
older patients and may be able to identify sarcopenia, regardless 
of body size. Future studies that clarify the optimal cutoff of 
ASM/BMI for Asian older adults in all settings are needed.
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