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Abstract

Ultrasound-based muscle assessment has emerged as a practical and noninvasive
tool for evaluating sarcopenia; however, the relative diagnostic value of individual
ultrasound-derived muscle parameters and their integration into a simple scoring
system remain unclear. This cross-sectional study included 145 community-
dwelling women aged 65-80 years. Eight ultrasound-derived quadriceps muscle
parameters were evaluated: rectus femoris thickness, cross-sectional area, and
echo intensity; vastus intermedius thickness; vastus lateralis thickness, fascicle
length, and pennation angle; and quadriceps femoris thickness, defined as the
combined thickness of the rectus femoris and vastus intermedius. Sarcopenia was
diagnosed in 8 participants (5.5%). Most ultrasound parameters demonstrated
significant weak-to-moderate correlations with handgrip strength and skeletal
muscle mass index. Least absolute shrinkage and selection operator regression
identified quadriceps femoris thickness, vastus lateralis thickness, and rectus
femoris cross-sectional area as the most informative predictors. Based on these
variables, a simple preliminary ultrasound-based scoring system was developed
using parameter-specific cutoff values. A cutoff score of =3 demonstrated high
diagnostic performance, with an area under the receiver operating characteristic
curve of 0.914, sensitivity of 0.875, and specificity of 0.861. This exploratory
ultrasound-based scoring system may suggest a feasible approach for sarcopenia
screening in older women, although further validation in larger populations is

warranted.
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Introduction

Sarcopenia, a geriatric syndrome, is characterized by decreased muscle mass
and strength, as well as impaired physical function!. Despite the variance
depending on the diagnostic criteria, the prevalence is generally estimated at
10%-27%?2. Sarcopenia is associated with an increased risk of falls, fractures, and
mortality3->, highlighting the importance of accurate diagnosis and appropriate

management.

Dual-energy X-ray absorptiometry (DXA) and bioelectrical impedance analysis
(BIA) are the primary modalities used to assess muscle mass, with DXA
traditionally considered the standard method®’. However, DXA has several
limitations: measurements can be inaccurate in the presence of metallic implants,
muscle quality parameters such as intramuscular fat infiltration cannot be
evaluated, and trunk muscles cannot be directly measured; hence, appendicular

muscle mass must be used insteads.

To overcome these limitations, alternative imaging techniques such as computed
tomography (CT), magnetic resonance imaging (MRI), and ultrasound have been
proposed for evaluating individual muscles and assessing myosteatosis®1°. Among
these, ultrasound has emerged as a particularly suitable option for assessing frail
older adults, as it does not expose patients to radiation, enables real-time
assessment of multiple muscle sites, and can be performed at the bedsidell.
Although various muscles can be examined for diagnostic purposes, current
approaches remain focused on single-muscle assessments. Given that sarcopenia
is a systemic condition characterized by the generalized loss of muscle mass, a
diagnostic model incorporating multiple muscles may provide superior diagnostic

accuracy.



Therefore, this study aims to investigate multiple ultrasound-derived muscle
parameters in Korean women aged =65 years, identify candidate indices for

diagnosing sarcopenia, and ultimately develop an exploratory scoring system.

Methods

This study was a cross-sectional investigation conducted at a single tertiary
medical center. Participants were recruited between June 2024 and June 2025.
The inclusion criteria were 1) women aged 65-80 years and 2) those who agreed
to participate in the study. The exclusion criteria comprised 1) the use of systemic
corticosteroids for >1 month within the past month; 2) current treatment for an
active malignancy; 3) alcohol dependence; 4) cognitive impairment preventing
comprehension of the study protocol; 5) presence of metallic implants; and 6)
refusal to participate. Participants were recruited from local senior centers
located in urban areas. The study was approved by the Institutional Review Board
of our hospital (CNUH-2022-12-626). Written informed consent was obtained

from all participants before enrollment.

Outcome analysis

Baseline characteristics, including age, sex, and previous medical history, were
collected through patient interviews. Body composition was assessed using DXA
(Hologic; Hologic Inc., USA) using commercially available software (version
13.4.1). Appendicular skeletal muscle mass was obtained and divided by height
squared to calculate the skeletal muscle index. Handgrip strength (HGS) was
measured using a handheld dynamometer (Jamar; Hoggan Scientific, USA).

During the HGS measurement, participants were seated with their shoulder in



adduction and the elbow flexed at 90°. Measurements were taken three times for
each hand, with a one-minute rest between the trials. The highest value among

the six trials was used for analysis®.

Sarcopenia diagnosis

The diagnosis of sarcopenia was based on the 2025 criteria of the Asian Working
Group for Sarcopenia (AWGS) 6. According to the cutoff values for women aged
=65 years, participants were classified as having sarcopenia if they had an

appendicular skeletal muscle index (SMI) of <5.4 kg/m? and an HGS of <18 kg.

Ultrasound measurement

Ultrasound measurements were performed using an ACUSON S2000 ultrasound
system (Siemens Healthineers, USA). An 11-MHz linear transducer was used for
all examinations, which were performed by one of the authors (C.W.M.) with >10
years of experience in musculoskeletal ultrasonography. The operator was
blinded to the participants’ sarcopenia status and clinical assessment results at
the time of image acquisition and analysis. Participants were instructed to avoid
exercise for at least 30 minutes before the ultrasound assessment. All
measurements were performed with the participant in the supine position,
ensuring complete relaxation of the target muscles. Ultrasound scans were

obtained from the lower right limb of the participants (Supplemental figure 1).

For quadriceps assessment, a transverse image was acquired at the midpoint
between the greater trochanter and the proximal border of the patella (50% of

the femur length) 12, ensuring that both the rectus femoris (RF) and vastus



intermedius (VI) were fully included in the field of view. For the RF, muscle
thickness (RFT), cross-sectional area (RFCSA), and echo-intensity (RFEI) were
measured!3. RFEI was quantified using Image] software (National Institutes of
Health, Bethesda, USA). All images were converted to 8-bit grayscale, in which
pixel intensity ranges from 0 (black) to 255 (white). A region of interest (ROI) was
manually selected while avoiding fascia and bone interfaces, and the mean
grayscale value within the ROI was recorded as the RFEI!'4, VI muscle thickness
(VIT) was measured from the same transverse view. Quadriceps femoris thickness

(QFT) was defined as the sum of RFT and VIT.

The probe was placed at the distal third between the greater trochanter and the
proximal border of the patella to obtain a clear transverse view of the vastus
lateralis (VL) 15, Then, the probe was rotated to obtain a longitudinal view. In this
view, VL muscle thickness (VLT; measured from the superficial to the deep
aponeurosis) and the pennation angle (VLPA; defined as the angle between the
deep aponeurosis and the muscle fascicles) were recorded. Fascicle length (VLFL)
was measured directly when the entire fascicle was visible within the image.
When this was not possible, fascicle length was estimated using the following
equation: VLFL = VLT /sin(VLPA) 15, Each ultrasound parameter was measured

three times, using the mean value for analysis.

In total, the following ultrasound parameters were collected from the two

imaging views: RFT, VIT, QFT, RFEI, RFCSA, VLT, VLPA, and VLFL.

Sample size estimation

The sample size required for evaluating the diagnostic performance of the

ultrasound-based scoring system was calculated using the area under the receiver



operating characteristic (ROC) curve (AUC)-based method proposed by Hajian-

Tilakil.

Previous studies on ultrasound-measured rectus femoris for sarcopenia typically
reported AUC values of 0.74-0.8211.17, To adopt a conservative assumption, the
expected AUC was set at 0.75. A two-sided « of 0.05, power of 0.80, and a case-
control ratio of 1:10 (reflecting the estimated prevalence of sarcopenia in the
target population) were applied. Based on these parameters, the required number
of participants was computed, providing the estimated minimum sample size of
90 participants (9 cases and 81 controls). The final study sample of 145
participants exceeded this requirement and provided sufficient statistical power

for ROC-based diagnostic accuracy analysis.

Statistical analysis

All statistical analyses were periormed using R software (version 4.3.0; R
Foundation for Statistical Computing). Continuous variables are presented as
means and standard deviations, whereas categorical variables are presented as

frequencies and percentages.

First, Pearson correlation analysis was conducted to evaluate the associations
between ultrasound parameters and HGS and SMI. A logistic least absolute
shrinkage and selection operator (LASSO) regression was performed to identify
candidate ultrasound variables associated with sarcopenial8. The optimal A-value
was determined using 10-fold cross-validation, and variables with non-zero
coefficients at A min were selected as candidate predictors. ROC analysis was
performed to calculate the AUC, sensitivity, specificity, positive and negative

predictive values (PPV and NPV), and accuracy for each variable selected by



LASSO. The optimal cut-off value for each variable was determined at the point

maximizing the Youden index!®.

Subsequently, a multivariable logistic regression model including all selected
variables was constructed. Regression coefficients (B), standard errors (SEs), p-

values, odds ratios (ORs), and 95% confidence intervals were reported.

A simplified scoring system was then developed by assigning weights
proportional to the absolute values of the regression coefficients. Scores were
assigned based on variable-specific cut-off values, and a total score was calculated.
The construct validity of this scoring system was evaluated by examining the

correlations between the total calculated score and HGS and SMI.

Finally, the diagnostic performance of the scoring system was assessed using
ROC analysis. Furthermore, AUC, sensitivity, speciiicity, PPV, NPV, and accuracy
were calculated. The optimal cut-off values were determined using the Youden
index. To assess potential overfitting, internal validation was performed using
bootstrap resampling with 1,000 iterations. In each bootstrap sample, the logistic
regression model was refitied, and optimism-corrected AUC was calculated. A

two-sided p-value < 0.05 indicated statistical significance.

Results
Baseline demographics

A total of 145 older women were included in the analysis. The mean participant’s
age was 72.3 = 5.3 years. The average body weight and height were 58.1 £ 8.3
kg and 154.9 = 5.3 cm, respectively. The mean body mass index (BMI) was 24.2

+ 3.0 kg/m2. The mean lean body mass was 15.5 = 1.5 kg, with an average SMI



of 6.1 * 0.7 kg/m?2. Mean HGS was 22.4 + 4.3 kqg.

Of all participants, 8 individuals (5.5%) met the diagnostic criteria for sarcopenia.
Compared with the non-sarcopenia group, participants with sarcopenia were
older (75.5 £ 5.2 vs. 72.1 +£ 5.3 years, p = 0.069, Mann-Whitney U test) and had
lower body weight (49.5 = 5.8 vs. 58.6 = 8.2 kg, p = 0.002) and BMI (21.12 =
2.28 vs. 24.35 = 2.93 kg/m?, p = 0.003). SMI (4.96 = 0.39 vs. 6.17 = 0.67 kg/m?)
were also significantly lower in the sarcopenia group (both p < 0.001).
Additionally, HGS was markedly reduced in individuals with sarcopenia (16.18 =+

2.17 vs. 22.75 + 4.11 kg, p < 0.001) (Table 1).

Correlation between ultrasound parameters and inuscle strength/SMI

Eight ultrasound-derived parameters were significantly correlated with both
HGS and SMI. Despite their statistical significance, the correlations with HGS
were generally weak across most uitrasound variables, including RFT, VIT, QFT,
VLT, VLPA, and RFCSA (RFT: 0.290, VIT: 0.283, QFT: 0.322, VLT: 0.335, VLPA:
0.215, and RFCSA: 0.257). In contrast, no significant correlations were observed

between HGS and VLFL or RFEI.

For SMI, moderate and significant correlations were found for RFT, QFT, VLT,
and RFCSA (RFT: 0.465, QFT: 0.472, VLT: 0.465, and RFCSA: 0.544). VIT, VLPA,
VLFL, and RFEI showed weak correlations (VIT: 0.379, VLPA: 0.202, VLFL: 0.201,

and RFEI: —0.204) (Table 2).

Diagnostic performance of individual ultrasound parameters

LASSO regression was performed to identify the most relevant predictors of



sarcopenia, selecting three variables: QFT, VLT, and RFCSA. ROC analyses for
each selected variable demonstrated the following diagnostic performance: cut-
off of 24.52 mm, AUC of 0.866, sensitivity of 1.000, specificity of 0.642, PPV of
0.140, NPV of 1.000, and accuracy of 0.662 for QFT; cut-off of 14.97 mm, AUC of
0.817, sensitivity of 0.875, specificity of 0.730, PPV of 0.159, NPV of 0.990, and
accuracy of 0.738 for VLT; cut-off of 3.11 cm?, AUC of 0.838, sensitivity of 0.625,
specificity of 0.920, PPV of 0.312, NPV 0of 0.977, and accuracy of 0.903 for RFCSA

(Table 3, Supplemental figure 2).

Logistic regression and scoring system based on LASSO-selected variables

Table 4 presents the logistic regression including the thiree selected variables.
Although none of the predictors reached statistical significance, higher QFT, VLT,
and RFCSA were consistently associated with lower odds of sarcopenia (B: —0.157,
SE: 0.113, p = 0.165, OR: 0.855 [0.686-1.067] for QFT; B: —0.320, SE: 0.175,p =
0.068, OR: 0.727 [0.516-1.023] for VLT; B: —0.194, SE: 0.590, p = 0.742, OR:
0.824 [0.259-2.616! for RFCSA) (Supplemental Table 1). The apparent
discriminative performance of the logistic regression model yielded an AUC of
0.871. To assess potential overfitting, internal validation was performed using
bootstrap resampling (1,000 iterations). The optimism-corrected AUC was 0.846,

indicating a modest degree of overestimation (Supplementary Table 2).

A point-based scoring system was constructed by assigning points proportional
to the absolute beta coefficients. One point was given for QFT <24.52 mm, two
points for VLT <14.97 mm, and one point for RFCSA <3.11 cm?, resulting in a

total score ranging from 0 to 4 points (Table 4).



Correlation between the scoring system and muscle strength/muscle mass

Correlations between the total score and HGS or SMI were examined to assess
the physiological validity of the scoring system. The score showed a significant
negative correlation with HGS (r = —0.352) and SMI (r = —0.468) (Supplemental

Figure 3).

ROC analysis was performed to evaluate the diagnostic utility of the scoring
system. The optimal cut-off was 2.5 points, yielding an AUC of 0.914, sensitivity
of 0.875, specificity of 0.861, PPV of 0.269, NPV of 0.992, and accuracy of 0.862

(Table 5, Figure 1).

Discussion

This study investigated the diagnostic utility of ultrasound for sarcopenia in 145
community-dwelling Korean women. The ultrasound-derived parameters
demonstrated significant weak-to-moderate correlations with SMI, as well as HGS,
except for RFEI and VLI'L, which did not exhibit significant associations. Among
the related variables, LASSO regression identified three key predictors of
sarcopenia (QFT, VLT, and RFCSA). A multivariable logistic regression model was
constructed using these predictors, and an exploratory scoring system ranging
from O to 4 points was subsequently developed. The score showed an inverse
relationship with both muscle strength and muscle mass. Using Youden’s index,
the optimal cut-off value was 2.5 points, and a threshold of =3 points yielded

favorable apparent diagnostic performance (AUC 0.914).

Sarcopenia is clinically important due to its association with adverse health
outcomes3>, Despite its significance, discrepancies exist across diagnostic

criteria2?. Conventional methods such as DXA and BIA primarily focus on muscle



mass quantification®7-21, but have limitations, including the inability to assess
muscle quality and susceptibility to measurement variability!? 22, To overcome
these shortcomings, CT, MRI, and ultrasound have been proposed as alternative
assessment tools?-!1, Ultrasound offers several advantages, including the ability
to measure various muscle sites, real-time imaging, and bedside applicability.
However, its limitations include operator dependency and the need for an
adequate level of training23. To address these issues, groups such as SARCUS
have proposed standardization strategies for the acquisition of diagnostic

ultrasound measures for sarcopenial3.

In the present study, the prevalence of sarcopenia was lower than previously
reported. One possible explanation is the use of the updated AWGS 2025
diagnostic criteria. Compared with earlier definitions such as AWGS 2019 or
EWGSOP2, the AWGS 2025 criteria do not include certain physical performance
measures, such as the Short Physical Performance Battery (SPPB), in the
diagnostic algorithm®. These differences in diagnostic components may result in
variations in prevalence estimates and may partly explain the lower prevalence
observed in our cohort. Therefore, comparisons with previous studies should

consider differences in diagnostic criteria.

The ultrasound parameters evaluated in this study showed weak-to-moderate
correlations with both SMI and HGS, which is consistent with previous reports2425,
Given that the updated AWGS diagnostic criteria emphasize low muscle mass
combined with reduced HGS®, exploring combinations of ultrasound parameters
that simultaneously reflect both components is a logical and clinically meaningful
approach toward establishing new diagnostic tools for sarcopenia. Previous
studies using diagnostic ultrasound have demonstrated varying degrees of

diagnostic accuracy. Compared with previously reported ultrasound-based



diagnostic criteria for sarcopenia, the diagnostic performance of the individual
indices in our study was largely consistent. Prior meta-analytic evidence
demonstrated that RFT yielded a pooled summary receiver operating
characteristic (SROC)-AUC of 0.78, with a sensitivity and specificity of 72% for
each. For QFT, a pooled SROC-AUC of 0.64, sensitivity of 63%, and specificity of
77% were reported. Additionally, the pooled sensitivity and specificity of RFCSA
were 84% and 69%, respectively!l. Beyond muscle size parameters, RFEI
provided relatively limited diagnostic value, with reported AUCs ranging from

0.61 to 0.67, indicating poor discriminatory capacity?2627.

Muscle selection in this study was guided by feasibility and measurement
standardization. To minimize positional changes and improve consistency,
ultrasound assessments were performed in a standardized supine position,
focusing on anterior thigh muscles. In addition, echo intensity (EI) analysis was
limited to the rectus femoris, as this parameter has been the most widely used
and validated in previous studies and allows relatively consistent image
acquisition. In our study, LLASSO regression identified three ultrasound-derived
variables (QFT, VLT, and RFCSA) as key predictors. These variables
demonstrated consistent trends in their associations with sarcopenia, and their
combination into a composite score showed good discriminative performance.
RFT, which has been widely investigated in previous studies!?, was not retained
in the model, likely due to multicollinearity with RFCSA. The inclusion of VLT is
physiologically plausible, as the VL plays a central role in lower extremity function,
and its morphological characteristics may reflect overall quadriceps

adaptation?8.

This finding suggests that integrating multiple ultrasound parameters may

provide a more robust representation of sarcopenia than individual indices alone.



However, given the limited number of events and the data-driven nature of the
model, the proposed scoring system should be interpreted as a preliminary,
hypothesis-generating approach rather than a definitive diagnostic tool. These
findings suggest that ultrasound may have potential utility in the assessment of
muscle mass and in the diagnosis of sarcopenia and may contribute to its future

integration into diagnostic frameworks.

Although researchers proposed protocols to evaluate the VL using ultrasound??,
to the best of our knowledge, no prior study has directly applied VL-based
ultrasound measurements for the diagnosis of sarcopenia. Thus, our study is the
first to propose and examine these VL-derived indices in a diagnostic context,
highlighting their potential value. Moreover, our findings suggest that ultrasound
assessment of VL may represent a potentially important parameter for sarcopenia
diagnosis and should be considered in future research frameworks. Taken
together, the present findings support the potential role of ultrasound as a
feasible tool for assessing sarcopeunia-related muscle changes. However, further
studies with larger sample sizes, diverse populations, and external validation are
required before ultrasound-based approaches can be integrated into routine

diagnostic frameworks.

Limitations

This study has several limitations. First, it was a small cross-sectional study
conducted at a single tertiary center, and all participants were Asian women
residing in an urban area. Therefore, the generalizability of our findings to
broader populations, including different ethnic groups, sexes, and community

settings, may be limited. In particular, sex-specific differences in muscle



distribution and morphological characteristics may influence the selection and
performance of ultrasound-derived parameters. Future studies including male
participants, diverse populations, and broader clinical subgroups are warranted
to further improve generalizability. Second, the prevalence of sarcopenia within
our cohort was lower than expected, with only eight cases identified, resulting in
a low events-per-variable (EPV) ratio of less than 3 in the multivariable model.
This is substantially below commonly recommended thresholds and may increase
the risk of model overfitting and unstable estimates. Although LASSO regression
was applied to mitigate overfitting, this approach does not fully eliminate bias in
small-sample settings. Third, although the scoring system was developed based
on variables selected through LASSO regression, none of these predictors
reached statistical significance in the subsequent multivariable logistic
regression model. This discrepancy may reflect the limited number of sarcopenia
cases, which reduces statistical power and complicates the establishment of
independent associations for each variable. Furthermore, the diagnostic
performance of the model and scoring system was primarily based on apparent
estimates. Internal validation using bootstrap resampling demonstrated a modest
degree of optimisni, with the AUC decreasing from 0.871 to 0.846 after correction.
This finding suggests that the observed performance may be overestimated and
should be interpreted with caution, highlighting the need for external validation.
Fourth, muscle selection in this study was guided by feasibility and measurement
standardization, with the aim of minimizing positional changes during ultrasound
examination by focusing on anterior thigh muscles in a supine position. In addition,
EI analysis was limited to the RF, as this parameter has been the most widely
used and validated in previous studies and allows relatively consistent image
acquisition. However, restricting the assessment to selected lower limb muscles

and a single EI measurement site may limit the comprehensiveness of muscle



evaluation. Sarcopenia does not affect all muscle groups uniformly, and upper
extremity or trunk muscles were not included in this study. In particular, upper
limb muscles may be relatively preserved or demonstrate compensatory
adaptations in response to declining lower extremity function, which may result
in different patterns of muscle change3. In addition, physical activity was not
quantitatively assessed. Although it is not included in the AWGS 2025 diagnostic
criteria, it may influence ultrasound-derived muscle parameters and should be
considered in future studies. In addition, all ultrasound measurements were
performed by a single experienced operator, and inter- and intra-rater reliability
were not assessed. Given the operator-dependent nature of ultrasound, this may
limit the reproducibility of the measurements. Nevertheless, despite the lack of
statistical significance at the individual predictor level, combining the selected
variables into a point-based scoring system yieided favorable overall diagnostic
performance, supporting the potential clinical utility of the composite score rather
than its individual components. However, given the data-driven derivation and
limited number of events, the proposed scoring system should be considered
exploratory rather than a definitive clinical tool. Consequently, future research
involving larger sample sizes, more balanced event distributions, and multicenter
validation studies is necessary to confirm the robustness, reproducibility, and

external validity of this ultrasound-based scoring system.

Conclusion

In conclusion, we identified three ultrasound parameters (QFT, VLT, and RFCSA)
that together provide favorable diagnostic performance for sarcopenia. Using
these predictors, we developed an exploratory 4-point scoring system with high

accuracy. Notably, the incorporation of VLT represents a novel and



physiologically meaningful contribution. Although further validation in larger and
more diverse cohorts is required, this ultrasound-based score offers a practical

and noninvasive approach to sarcopenia diagnosis.

Declarations
Acknowledgment

We thank Chungnam National University Hospital and the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of Health and Welfare,

Republic of Korea, for providing grants to support this clinical trial.

Author contributions

Byung Chan Lee - Conceptualization, Methodology, Data curation, Formal
analysis, Writing-original draft; Juhyun Lee - Investigation, Data curation; Kang
Hee Cho - Supervision, Writing-review and editing; Changwon Moon -
Conceptualization, Methodology, Writing-review and editing, Funding

acquisition.

Competing interests

The authors declare no competing interests

Data availability

The datasets used and/or analyzed in the current study are available from the



corresponding author upon reasonable request.

Ethics declarations

The ethical validity of the trial was assessed and approved by the Institutional
Review Board of Chungnam National University Hospital (CNUH-2022-12-026).
All methods were performed in accordance with the relevant guidelines and
regulations, including the Declaration of Helsinki. All the participants provided

written informed consent before the trial and agreed to participate.

Consent for publication

Not Applicable.

Funding

This research was supported by A grant from the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute (KHIDI), funded
by the Ministry of Health and Welfare, Republic of Korea (grant number:
HR22C1734). The funders had no role in the design, data collection, data analysis,
and reporting of this study. The research team was autonomous in all aspects of

the study.



References

1. Bauer, J. et al. Sarcopenia: a time for action. an SCWD position paper. J
Cachexia Sarcopenia Muscle 10, 956-961. http://doi.org/10.1002/jcsm.12483

(2019).

2. Petermann-Rocha, F. et al. Global prevalence of sarcopenia and severe

sarcopenia: a systematic review and meta-analysis. / Cachexia Sarcopenia

Muscle 13, 86-99. http://doi.org/10.1002/jcsm.12783 (2022).

3. Veronese, N. et al. Sarcopenia and fall-related injury among older adults in
five low- and middle-income countries. Exp Gerontol/ 147, 111262.

http://doi.org/10.1016/j.exger.2021.111262 (2021).

4. Zhang, X. et al. Falls among older adults with sarcopenia dwelling in nursing
home or community: a meta-analysis. Clin Nuir39, 33-39.

http://doi.org/10.1016/j.clnu.2019.01.002 (2020).

5. Xu, J., Wan, C. S., Ktoris, K., Reiinierse, E. M. & Maier, A. B. Sarcopenia is
associated with mortality in adults: a systematic review and meta-analysis.

Gerontology 68, 361-376. http://doi.org/10.1159/000517099 (2022).

6. Chen, L. K. et al. A focus shift from sarcopenia to muscle health in the Asian

Working Group for Sarcopenia 2025 consensus update. Nat Aging 5, 2164-

2175. http://doi.org/10.1038/s43587-025-01004-y (2025).

7. Cruz-Jentoft, A. J. et al. Sarcopenia: revised European consensus on

definition and diagnosis. Age Ageing 48, 16-31.

http://doi.org/10.1093/ageing/afy169 (2019).

8. Abe, T., Thiebaud, R. S., Loenneke, J. P. & Young, K. C. Prediction and

validation of DXA-derived appendicular lean soft tissue mass by ultrasound in


http://doi.org/10.1002/jcsm.12483
http://doi.org/10.1002/jcsm.12783
http://doi.org/10.1016/j.exger.2021.111262
http://doi.org/10.1016/j.clnu.2019.01.002
http://doi.org/10.1159/000517099
http://doi.org/10.1038/s43587-025-01004-y
http://doi.org/10.1093/ageing/afy169

older adults. Age 37, 114. hitp://doi.org/10.1007/s11357-015-9853-2 (2015).

9. Miljkovic, L., Vella, C. A. & Allison, M. Computed tomography-derived
myosteatosis and metabolic disorders. Diabetes Metab J45, 482-491.

http://doi.org/10.4093/dmj.2020.0277 (2021).

10.Garcia-Diez, A. 1. et al. Myosteatosis: diagnostic significance and assessment

by imaging approaches. Quant Imaging Med Surg 14, 7937-7957 (2024).

11.Fu, H., Wang, L., Zhang, W., Lu, J. & Yang, M. Diagnostic test accuracy of
ultrasound for sarcopenia diagnosis: a systematic review and meta-analysis. J

Cachexia Sarcopenia Muscle 14, 57-70. http://doi.org/10.1002/jcsm.13149

(2023).

12.Hida, T. et al. Ultrasound measurement of thigh muscle thickness for

assessment of sarcopenia. Nagoya J Med Sci 80, 519-527.

http://doi.org/10.18999/nagjms.80.4.519 (2018).

13.Perkisas, S. et al. Application of ultrasound for muscle assessment in
sarcopenia: 2020 SARCUS update. Eur Geriatr Med 12, 45-59.

http://doi.org/10.1007/s41999-020-00433-9 (2021).

14.Burton, A. M. & Stock, M. S. Consistency of novel ultrasound equations for

estimating percent intramuscular fat. Clin Physiol Funct Imaging.

http://doi.org/10.1111/cpf.12532 (2018).

15.Bartolomei, S., Rovai, C., Lanzoni, I. M. & di Michele, R. Relationships
between muscle architecture, deadlift performance, and maximal isometric
force produced at the midthigh and midshin pull in resistance-trained

individuals. J Strength Cond Res 36, 299-303.

http://doi.org/10.1519/jsc.0000000000003455 (2022).


http://doi.org/10.1007/s11357-015-9853-2
http://doi.org/10.4093/dmj.2020.0277
http://doi.org/10.1002/jcsm.13149
http://doi.org/10.18999/nagjms.80.4.519
http://doi.org/10.1007/s41999-020-00433-9
http://doi.org/10.1111/cpf.12532
http://doi.org/10.1519/jsc.0000000000003455

16.Hajian-Tilaki, K. Sample size estimation in diagnostic test studies of
biomedical informatics. / Biomed Inform 48, 193-204.

http://doi.org/10.1016/j.jbi.2014.02.013 (2014).

17.Staempfli, J. S., Kistler-Fischbacher, M., Gewiess, J., Bastian, J. D. &
Eggimann, A. K. The validity of muscle ultrasound in the diagnostic workup
of sarcopenia among older adults: a scoping review. C/in Interv Aging 19,

993-1003. http://doi.org/10.2147/cia.S463917 (2024).

18.Tibshirani, R. Regression shrinkage and selection via the lasso. J R Stat Soc B

58, 267-288. http://doi.org/10.1111/5.2517-6161.1996.th02080.x (1996).

19.Fluss, R., Faraggi, D. & Reiser, B. Estimation of the Youden index and its

associated cutoff point. Biometrical J47, 458-472

http://doi.org/10.1002/bimj.200410135 (2005).

20.Westbury, L. D. et al. Recent sarcopenia definitions—prevalence, agreement
and mortality associations among men: findings from population-based

cohorts. J Cachexia Sarcopenia Muscle 14, 565-575.

http://doi.org/10.1002/jcsm.13160 (2023).

21.Baek, ]J. Y. et al. Korean working group on sarcopenia guideline: expert
consensus on sarcopenia screening and diagnosis by the Korean Society of
Sarcopenia, the Korean Society for Bone and Mineral Research, and the

Korean Geriatrics Society. Ann Geriatr Med Res 27, 9-21.

http://doi.org/10.4235/agmr.23.0009 (2023).

22.0'Brien, C., Young, A. J. & Sawka, M. N. Bioelectrical impedance to estimate
changes in hydration status. /nt J Sports Med 23, 361-366.

http://doi.org/10.1055/s-2002-33145 (2002).



http://doi.org/10.1016/j.jbi.2014.02.013
http://doi.org/10.2147/cia.S463917
http://doi.org/10.1111/j.2517-6161.1996.tb02080.x
http://doi.org/10.1002/bimj.200410135
http://doi.org/10.1002/jcsm.13160
http://doi.org/10.4235/agmr.23.0009
http://doi.org/10.1055/s-2002-33145

23.Hobson-Webb, L. D. Emerging technologies in neuromuscular ultrasound.

Muscle Nerve 61, 719-725. http://doi.org/10.1002/mus.26819 (2020).

24 .Madden, K. M., Feldman, B., Arishenkoff, S. & Meneilly, G. S. A rapid point-
of-care ultrasound marker for muscle mass and muscle strength in older

adults. Age Ageing 50, 505-510. http://doi.org/10.1093/ageing/afaal63

(2020).

25.0zturk, Y. et al. The role of muscle ultrasound to predict sarcopenia.

Nutrition 101, 111692. http://doi.org/10.1016/;.nut.2022.111692 (2022).

26.Yamada, M. et al. Differential characteristics of skeletal muscle in

community-dwelling older adults. J Am Med Dir Assoc 18, 807.e9-807.e16.

http://doi.org/10.1016/j.jamda.2017.05.011 (2017).

27.Yoshida, T. et al. Ultrasound assessment of sarcopenia in patients with
rheumatoid arthritis. Mod Rheumato! 32, 728-735.

http://doi.org/10.1093/mr/roab049 (2022).

28.Spiliopoulou, P. et al. Vastus lateralis and vastus intermedius as predictors of
quadriceps femoris muscle hypertrophy after strength training. App!/ Sci 12,

9133 (2022).

29.Ticinesi, A. et al. Assessing sarcopenia with vastus lateralis muscle
ultrasound: an operative protocol. Aging Clin Exp Res 30, 1437-1443.

http://doi.org/10.1007/s40520-018-0958-1 (2018).

30.Ata, A. M. et al. Regional and total muscle mass, muscle strength and
physical performance: the potential use of ultrasound imaging for

sarcopenia. Arch Gerontol Geriatr 83, 55-60.

http://doi.org/10.1016/j.archger.2019.03.014 (2019).


http://doi.org/10.1002/mus.26819
http://doi.org/10.1093/ageing/afaa163
http://doi.org/10.1016/j.nut.2022.111692
http://doi.org/10.1016/j.jamda.2017.05.011
http://doi.org/10.1093/mr/roab049
http://doi.org/10.1007/s40520-018-0958-1
http://doi.org/10.1016/j.archger.2019.03.014

ARTICLE IN PRESS



Figure legends

Figure 1. A receiver operating characteristic (ROC) curve for the developed
scoring system. The ROC curve demonstrating the diagnostic performance of the
ultrasound-based scoring system for identifying sarcopenia, with an AUC 0f 0.914,

sensitivity of 0.875, and specificity of 0.861 at the optimal cut-off score of 2.5.



Table 1. Baseline demographics of participants

Total Non- Sarcopenia p-value
sarcopenia

Age 72.3%£5.3 72.1 £5.3 75.5 £ 5.2 0.0697
Weight (kg) 58.1+8.3 58.6 = 8.2 49.5 £ 5.8 0.002
Height (cm) 154.9+5.3 155.0 £ 5.2 153.0 £ 7.1 0.303
BMI (kg/m?) 24.2+3.0 24.35+2.93 21.12 +£2.28 0.003
Body fat percent 31.2+4.9 31.18 495 31.62 +4.26 0.804
(%)
Lean body mass 15.5*1.5 15.63 £1.45 13.50+x0.76 <0.001
(kg)
SMI (kg/m?2) 6.1+0.7 6.17 £ 0.67  4.96 = 0.39 <0.001t
HGS (kg) 22.4+4.3 22.75 4,11 16.18 £+ 2.17 <0.001f

BMI, body mass index; SMI, appendiC'lloT skeletal muscle index; HGS, hand grip

strength

"Mann-Whitney test



Table 2. Correlation with ultrasound parameters and HGS or SMI

HGS p-value SMI p-value
RFT 0.290 <0.001 0.465 <0.001
VIT 0.283 <0.001 0.379 <0.001
QFT 0.322 <0.001 0.472 <0.001
VLT 0.335 <0.001 0.465 <0.001
VLPA 0.215 <0.001 0.202 0.015
VLFL 0.140 0.093 0.201 0.015
RFCSA 0.357 <0.001 0.544 <0.001
RFEI —0.065 0.43 —-0.204 0.014

HGS, handgrip strength; SMI, appendicular skeletal muscle mass index; RFT,
rectus femoris thickness; VIT, vastus intermedius thickness; QFT, quadriceps
femoris thickness; VLT, vastus lateralis thickness; VLPA, vastus lateralis
pennation angle; VLFL, vastus lateralis fascicle length; RFCSA, rectus femoris

cross-sectional area; RFEI, rectus femoris echo-intensity



Table 3. Diagnostic utility of LASSO-selected ultrasound parameters for

identifying sarcopenia

Cut-off AUC Sensitivit  Specificit PPV NPV Accura
y y cy
QFT 24.52 0.866 1.000 0.642 0.140 1.000 0.662
mm
VLT 14.97 0.817 0.875 0.730 0.159 0.990 0.738
mm
RFCS 3.11 0.838 0.625 0.920 0.312 0.977 0.903
A cm?

LASSO, least absolute shrinkage and selection operator; QFT, quadriceps femoris

thickness; VLT, vastus lateralis thickness; RFCSA, rectus femoris cross-sectional

area; AUC, area under the receiver operating characteristic curve; PPV, positive

predictive value; NPV, negative predictive value



Table 4. Scoring system based on LASSO-selected ultrasound parameters for

identifying sarcopenia

Cut-off Score
QFT (mm) 24.52 1
VLT (mm) 14.97 2
RFCSA (cm?) 3.11 1

LASSO, least absolute shrinkage and selection operator; QFT, quadriceps femoris

thickness; VLT, vastus lateralis thickness; RFCSA, rectus femoris cross-sectional

area



Table 5. Diagnostic performance of the developed scoring system for sarcopenia

diagnosis

Cut-off AUC Sensitivity Specificity PPV NPV Accuracy

Score 2.5 0.914 0.875 0.861 0.269 0.992 0.862

AUC, area under the receiver operating characteristic curve; PPV, positive

predictive value; NPV, negative predictive value



ROC Curve for Total Score (AUC = 0.914)
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