
O R I G I N A L  R E S E A R C H

Ultrasound Assessment of the Gastrocnemius 
Muscle as a Potential Tool for Identifying 
Sarcopenia in Patients with Type 2 Diabetes
Wen Wei 1,2,*, Chengwen Xie3,*, Ronghua Cao4,*, Yanwen Que3, Xuejing Zhong5, Zheyuan Chen 6, 
Fenyan Lv 6, Qianqian Kang 6, Ruiyu Lin 6, Baozhen Cao7, Xiaomin Lai7, Mei Tu 1

1Department of Endocrinology, Fujian Longyan First Hospital, Longyan First Affiliated Hospital of Fujian Medical University, Longyan, 364000, People’s 
Republic of China; 2Department of Endocrinology, Zhujiang Hospital, Southern Medical University, Guangzhou, 510280, People’s Republic of China; 
3Department of Ultrasonography, Fujian Longyan First Hospital, Longyan First Affiliated Hospital of Fujian Medical University, Longyan, 364000, 
People’s Republic of China; 4Department of Nuclear Medicine, Fujian Longyan First Hospital, Longyan First Affiliated Hospital of Fujian Medical 
University, Longyan, 364000, People’s Republic of China; 5Department of Science and Education, Fujian Longyan First Hospital, Longyan First Affiliated 
Hospital of Fujian Medical University, Longyan, 364000, People’s Republic of China; 6Department of Endocrinology, Fujian Longyan First Hospital, 
Fujian Medical University, Fuzhou, 350004, People’s Republic of China; 7Department of Pulmonary and Critical Care Medicine, Fujian Longyan First 
Hospital, Longyan First Affiliated Hospital of Fujian Medical University, Longyan, 364000, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Mei Tu, Department of Endocrinology, Fujian Longyan First Hospital, Longyan First Affiliated Hospital of Fujian Medical University, 
Longyan, 364000, People’s Republic of China, Tel +86 5972958989, Fax +86 5972292374, Email tm13859596628@163.com 

Objective: This study aims to examine the clinical significance of ultrasound evaluation of the gastrocnemius muscle (GM) in 
identifying sarcopenia in patients with type 2 diabetes (T2D).
Methods: One hundred and fifty-three patients with T2D were included in this study. We measured the appendicular skeletal muscle 
mass index (ASMI), handgrip strength, and 6-meter walking speed. The US-derived muscle thickness (MT), cross-sectional area 
(CSA), and shear wave ultrasound elastography (SWE) of GM were also measured. We assessed the correlations between clinical 
indicators and US features. The model for screening sarcopenia was established using stepwise logistic regression. Stepwise linear 
regression was used to identify a set of variables that jointly estimated ASMI. The model’s ability to identify sarcopenia and low 
muscle mass was assessed by receiver operating characteristic (ROC) curve analysis.
Results: The prevalence of sarcopenia in this study was 24.2%. The CSA, MT and SWE values of the patients with sarcopenia were 
lower than those of patients without sarcopenia (all p < 0.05). ASMI was positively correlated with CSA (r = 0.56, p < 0.001) and MT 
(r = 0.39, p < 0.001). Handgrip strength was positively correlated with CSA (r = 0.45, p < 0.001), MT (r = 0.25, p < 0.001), and SWE 
(r = 0.26, p = 0.002). A diagnostic model for sarcopenia was established with a sensitivity of 81.1%, specificity of 75.0%, and an area 
under the curve (AUC) of 0.800. The estimated ASMI equation was developed and found to have a positive correlation with actual 
ASMI (r = 0.70, p < 0.001). It was also effective in diagnosing low muscle mass, with an AUC of 0.787 for males and 0.783 for 
females.
Conclusion: Ultrasonographic assessment of the gastrocnemius muscle was found to be a useful and convenient method for detecting 
sarcopenia in patients with T2D.
Keywords: sarcopenia, ultrasound, shear wave elastography, gastrocnemius muscle, T2D

Introduction
Sarcopenia is an age-associated syndrome characterized by a decline in skeletal muscle mass, strength, and function.1 Its 
prevalence has reached 20% or even higher in individuals with diabetes.2,3 The overall prevalence of sarcopenia varied 
from 10.4% to 28.8% among type 2 diabetic patients in China.4–6 Sarcopenia is associated with poor outcomes in patients 
with diabetes, including chronic kidney disease (CKD), diabetic retinopathy (DR), diabetic peripheral neuropathy (DPN), 
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atherosclerosis, cognitive impairment, infection, and mortality.7–10 Therefore, early recognition and intervention of 
sarcopenia are essential to improve the prognosis of patients with diabetes.

According to the Asian Working Group for Sarcopenia (AWGS), computed tomography (CT), magnetic resonance 
imaging (MRI), dual-energy X-ray absorptiometry (DEXA), and bioelectrical impedance analysis (BIA) are used to 
measure muscle mass.1 However, these methods have limitations, such as exposure to radiation, lack of cost- 
effectiveness, and susceptibility to hydration status and water distribution in the body.11,12 In this context, ultrasound 
(US) is widely available, inexpensive, radiation-free, and useful because it can provide information on muscle quantity 
and quality. In previous studies, the measurement of muscle thickness (MT), cross-sectional area (CSA), fascicle length 
(FL), pennation angle (PA), and echogenicity have been proposed as measures to assess sarcopenia.13–15 Shear wave 
ultrasound elastography (SWE), a recently developed ultrasound technology, can provide quantitative information on 
tissue elasticity, allowing for the indirect assessment of biomechanical properties.16 Elastography has been proven to be 
reliable in assessing musculoskeletal tissues in various clinical settings. For example, it has been used to measure tongue 
muscle stiffness in patients with obstructive sleep apnea, diaphragm and rectus femoris stiffness in patients with Chronic 
Obstructive Pulmonary Disease (COPD), and vastus lateralis stiffness in community-dwelling individuals.17–20 Recently, 
Chen et al suggested that ultrasound imaging of the femoris muscle and SWE might be useful for assessing sarcopenia in 
elderly patients with type 2 diabetes.21

Previous studies on sarcopenia have analyzed different muscles, such as the biceps brachii, triceps brachii, thenar 
muscle, quadriceps, tibialis anterior, rectus abdominis, diaphragm, and so on. It is known that age-related muscle loss is 
not uniform throughout the body, and sarcopenia affects those with rich type II (fast-twitch) muscle fibers, such as the 
quadriceps, gastrocnemius and psoas major. However, there is some difficulty in exposing the patient’s thigh in a clinical 
setting when using ultrasound to assess the quadriceps femoris. The gastrocnemius muscle (GM) is easier to obtain than 
the quadriceps, and because it is a pennate muscle, it allows for the assessment of structural parameters such as FL and 
PA. Therefore, this study aimed to determine the clinical value of ultrasound assessment, including SWE of the 
gastrocnemius muscle in identifying sarcopenia in patients with type 2 diabetes.

Methods
Study Population
The cross-sectional study included adult inpatients (≥18 years of age) who were diagnosed with T2DM according to the 
criteria set by the American Diabetes Association (ADA) at Longyan First Affiliated Hospital of Fujian Medical 
University, Fujian, China, between December 2021 and December 2022. Patients with other types of diabetes and 
pregnant women were excluded. We also excluded patients with ketoacidosis, hyperosmolar status, acute severe 
infection, kidney diseases requiring hemodialysis, severe cardiac insufficiency, autoimmune disease, neurological 
diseases and orthopedic diseases causing mobility impairment, and incomplete clinical parameters such as muscle 
mass, muscle strength, and physical performance. Eventually, 153 patients were included (Figure 1). The study complied 
with the Declaration of Helsinki and was approved by the Institutional Ethics Research Committee of Longyan First 
Affiliated Hospital of Fujian Medical University (approval number LYREC2021-014-01). All patients provided written 
informed consent to participate in the study.

Data Collection and Clinical Definition
Demographic variables and health information, including age, sex, smoking status, drinking status, and history of 
diagnosed diseases, were collected via a standard questionnaire by our trained staff. Self-reported health conditions 
included physician-diagnosed history of hypertension, stroke, coronary artery disease (CAD), congestive heart failure 
(CHF), chronic obstructive pulmonary disease (COPD) and other diseases. Clinical features and biochemical examination 
data such as blood glucose, glycosylated hemoglobin (HbA1c), serum albumin, serum creatinine, etc., were obtained 
from the electronic medical record system. Height, weight, and blood pressure (BP) were assessed by the nurse upon 
admission using a standardized form. Venous blood samples were collected in the early morning after an overnight fast.
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Body mass index (BMI) is calculated by dividing weight (kg) by the square of height (m). The estimated glomerular 
filtration rate (eGFR) was calculated based on serum creatinine using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) 2009 equation.22

Muscle Mass, Grip Strength, and Physical Performance Assessment
The patient was placed in the supine position. We obtained appendicular skeletal muscle mass (ASM) by analyzing the 
muscle content of the entire body using the Hologic Discovery Wi dual-energy X-ray bone densitometer (Hologic 
Discovery QDR Series). The Appendicular Skeletal Muscle Mass Index (ASMI) was calculated using the following 
formula: ASMI ¼ extremitymusclemass kgð Þ=heightsquared m2� �

. Low muscle mass was defined as ASMI <7.0 kg/m2 

for men and <5.4 kg/m2 for women.23

We used the Camry electronic grip strength meter (EH101; Camry Scale) to measure grip strength. The patients 
extended their arms for measurement while standing. Grip strength was measured in the sitting position if the patient was 
unable to stand independently. The dominant hand contracted twice with full force at equal distances. The tester recorded 
the highest value as the maximum grip strength. Low muscle strength was defined as handgrip strength <28 kg for men 
and <18 kg for women.23

This study defined low physical performance based on a 6-meter walk. We measured the time taken to walk 6 meters 
at a normal pace from a moving start, without deceleration, and recorded the average result of at least 2 trials as the 
measured speed. We used automatic timing for the trials. Low physical performance was 6-meter walk speed <1.0 m/s.23

The definition of sarcopenia followed the guidelines from the Asian Working Group for Sarcopenia (AWGS) 2019, 
which include low muscle mass, low muscle strength, or poor physical performance. Severe sarcopenia was defined as 
having both low muscle mass and low muscle strength, as well as poor physical performance.23

Ultrasound Measurements
All US and SWE assessments were performed by a single sonographer with 5 years of experience in musculoskeletal 
ultrasound. The US device (Siemens ACUSON Sequoia, Germany) was equipped with an Acoustic Radiation Force 
Impulse (ARFI) imaging system. All images were obtained using the same linear-array transducer (frequency range: 4–9 
MHz) with pre-set “musculoskeletal (MSK)” parameters.

CSA of the GM was measured on the posterior side of the right shank, specifically at a point 30% proximal between 
the popliteal fossa and the posterior calcaneus. The measurements were taken while the participants were in the prone 
position, with their legs extended and their feet hanging off the side of the examination table. The distance between the 
deep and superficial aponeurosis of the GM, measured at this location, was MT.24 The angle at which the fibers of the 
GM muscle insert into the deep aponeurosis was measured on the longitudinal view by rotating the probe parallel to the 

Figure 1 Flowchart of participants through the study.
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medial head of the sural muscle. This measurement was taken at the same position where we measured MT. The angle 
was recorded as PA.25 The length of the fascicle measured between the deep and superficial aponeurosis was FL. All data 
were measured three times, and the average value was used for further analysis.

Gastrocnemius measurements for SWE were performed under static and passive stretch conditions. We set the size of 
the region of interest (ROI) for SWE (diameter = 10 mm) within a predefined square sampling box.26 The diameter and 
inspection depth of the ROI were set to 3 mm and 1–2 cm, respectively. ROI values were calculated in kPa, and the SWE 
was color-coded in dark blue (less than 36 kPa), light blue (36–72 kPa) and green, yellow and red (greater than 180 
kPa).27 The measurement indicators were SWEstraight and SWEbent. Each patient was measured three times, and the 
average was calculated.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation (SD) or median (interquartile range, IQR), and 
categorical variables were expressed as frequency counts and percentages. For comparisons between groups, the χ2 test or 
Fisher’s exact test was used for categorical variables, and the two-sample independent t-test was used for continuous 
variables.

The relationships between clinical indicators and US characteristics were evaluated using Spearman correlation 
coefficient analysis. The link between US characteristics and sarcopenia was investigated using univariable and multi-
variable logistic regression. Stepwise logistic regression was used to build a model to screen for sarcopenia. A set of 
factors that jointly calculated ASMI was identified using univariable linear regression, multiple linear regression, and 
stepwise regression. Variables put into the model were carefully chosen based on variables having p-values less than 0.05 
in the baseline or in univariable regression analysis. The merit of the equations was judged according to the Akaike 
information criterion (AIC). The ability of the models to identify sarcopenia and low muscle mass was evaluated using 
receiver operating characteristic (ROC) curve analysis. The Yoden index of score was calculated by sensitivity plus 
specificity. The cut-off value was obtained by the maximum value of the Youden index. The calibration of the models 
was described by the Hosmer–Lemeshow test.

All analyses were performed using R, version 4.2.1 software (R Foundation for Statistical Computing, Vienna, 
Austria). A two-sided p value <0.05 indicated significance for all analyses.

Results
Patient Characteristics
The mean age of the 153 enrolled patients was 57.8 years, and 91 (59.5%) were males. The mean height was 162.59 cm, 
mean weight was 65.77 kg, mean BMI was 24.75 kg/m2, mean serum albumin (ALB) was 40.33 g/L, and mean serum 
creatinine (Cr) was 0.82 mg/dL. The mean actual ASMI was 6.60 kg/m2, mean handgrip strength was 28.37 kg, and 
mean time taken to walk 6 meters was 5.98s. The mean CSA of GM was 13.53 cm2, mean MT was 2.18 cm, mean FL 
was 3.98 cm, and mean PA was 24.28°. The median SWEstraight was 10.60 with a range of 8.90 to 12.40 kPa, and median 
SWEbent was 17.95 with a range of 13.77 to 22.15 kPa.

The prevalence of sarcopenia was 24.2%, of which 7 cases were severe sarcopenia among 37 patients, accounting for 
18.9%. The prevalence of low muscle mass was 49.0%. Patients with sarcopenia were older, had lower weight, lower 
ALB, and higher cystatin C (CYSC) levels than those without sarcopenia (all p < 0.05). The CSA, MT, FL, SWEstraight 

and SWEbent values in patients with sarcopenia were lower than those in patients without sarcopenia (all p < 0.05). Study 
population characteristics are summarized in Table 1.

Correlations Between Clinical Indicators and US Features
Spearman correlation coefficient analysis showed that ASMI was significantly and positively correlated with CSA (r = 
0.56, p < 0.001), MT (r = 0.39, p < 0.001), FL (r = 0.27, p < 0.001) and PA (r = 0.22, p < 0.001). Handgrip strength was 
significantly and positively correlated with CSA (r = 0.45, p < 0.001), MT (r = 0.25, p < 0.001), FL (r = 0.21, p = 0.002), 
PA (r = 0.16, p = 0.021) and SWEstraight (r = 0.26, p = 0.002) (Table 2).
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Validity of US Screening for Sarcopenia
The patients’ basic characteristics (age and weight), laboratory examination (serum ALB and serum CYSC) and US 
features (CSA, MT, FL and SWEstraight) that were statistically significant in univariable logistic regression were inputted 
into multivariable logistic regression, and then variables with p-value <0.05 in the multivariable regression were inputted 

Table 1 Baseline Characteristics of Patients with and without Sarcopenia

Non-Sarcopenia  
(n = 116)

Sarcopenia  
(n = 37)

p-value

Demographic characteristics
Age (years), mean±SD 55.4 ± 11.1 65.1 ± 9.5 <0.001

Male, n (%) 69 (59.5) 22 (59.5) 1.000
Height (cm), mean±SD 163.3 ± 8.1 160.4 ± 8.3 0.056

Weight (kg), mean±SD 67.7 ± 13.1 59.7 ± 8.6 0.001

BMI (kg/m2), mean±SD 25.3 ± 3.6 23.2 ± 3.0 0.002
Medical history and Clinical condition
Hypertension, n (%) 50 (43.1) 18 (48.6) 0.688
Duration of diabetes (years), median (IQR) 6.0 (1.8, 11.0) 10.0 (4.0, 16.0) 0.079

DR, n (%) 28 (24.8) 13 (38.2) 0.188

DN, n (%) 14 (12.1) 5 (13.5) 1.000
DPN, n (%) 58 (50.0) 18 (48.6) 1.000

Laboratory examination
FBG (mmol/L), mean±SD 9.08 ± 4.00 8.81 ± 3.46 0.711
2hPBG (mmol/L), mean±SD 10.99 ±3.54 12.91 ± 4.56 0.009

HbA1C (%), mean±SD 9.60 ± 2.33 9.87 ± 1.99 0.538

Creatinine (mg/dl), mean±SD 0.81 ± 0.24 0.88 ± 0.36 0.157
Cystatin C (mg/L), mean±SD 0.96 ± 0.33 1.11 ± 0.43 0.031

eGFR (mL/min/1.73m2), mean±SD 94.35 ±19.96 84.38 ± 22.40 0.011

Albumin (g/L), mean±SD 40.81 ± 3.67 38.81 ± 4.42 0.007
Muscle size, strength and physical performance
ASMI (kg/m2), mean±SD 7.04 ± 2.18 5.32 ± 0.76 <0.001

Handgrip strength (kg), mean±SD 30.88 ± 9.84 20.98 ± 6.75 <0.001
6-meter walking time (s), mean±SD 5.74 ± 1.19 6.92 ± 1.83 0.001

MT (cm), mean±SD 2.23 ± 0.55 1.99 ± 0.45 0.019

CSA (cm2), mean±SD 14.20 ± 3.52 11.41 ± 3.04 <0.001
FL (cm), mean±SD 4.08 ± 0.70 3.66 ± 0.57 0.001

PA (°), mean±SD 24.31 ± 4.08 24.18 ± 4.77 0.872

SWEstraight (kPa), median (IQR) 11.75 (9.43, 12.70) 8.80 (5.50, 10.00) <0.001
SWEbent (kPa), median (IQR) 19.25 (14.97, 22.68) 13.25 (10.07, 21.00) 0.012

Abbreviations: BMI, body mass index; DR, diabetic retinopathy; DN, diabetic nephropathy; DPN, diabetic peripheral neuropathy; FBG, 
fasting blood glucose; 2hPBG, 2 hours postprandial blood glucose; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular 
filtration rate; ASMI, appendicular skeletal muscle mass index; MT, muscle thickness; CSA, cross-sectional area; FL, fascicle length; PA, 
pennation angle; SWE, shear wave ultrasound elastography.

Table 2 Correlation Between Clinical Indicators and US Features

Indicators MT CSA FL PA SWEstraight SWEbent

ASMI 0.39* 0.56* 0.27* 0.22* −0.02 −0.11

Handgrip strength 0.25* 0.45* 0.21* 0.16* 0.26* 0.07
6-meter walking time −0.07 −0.07 −0.12 0.11 −0.10 −0.16

Note: The symbol * indicates statistically significant difference: a two-sided p value <0.05. 
Abbreviations: ASMI, appendicular skeletal muscle mass index; MT, muscle thickness; CSA, cross-sectional 
area; FL, fascicle length; PA, pennation angle; SWE, shear wave ultrasound elastography.
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into stepwise regression analysis. Finally, the independent indicators for identifying sarcopenia were 
age, CSA and SWEstraight (Table 3). A logistic regression equation was established as follows: 
ln P= 1 � Pð Þ½ �¼ � 1:103þ 0:058� age � 0:182� CSA � 0:108� SWEstraight. The model achieved 81.1% sensitivity, 
75.0% specificity, an area under the curve (AUC) of 0.800 (95% confidence interval [CI]: 0.718 to 0.882) (cutoff 
value = 0.25), and a Hosmer–Lemeshow χ2 statistic of 9.20 (p = 0.326) (Figure 2). The diagnostic value of the model in 
male and female, respectively, was also shown in Figure 2. The results of ROC of age, CSA, and SWEstraight in 
identifying sarcopenia are shown in Supplementary Figure 1.

Validity of US Screening for Low Muscle Mass
The patients’ basic characteristics (age, sex, height and weight), laboratory examination (serum Cr) and US features 
(CSA, MT and FL) that were statistically significant in univariable linear regression were inputted into multivariable 
linear regression, and then variables with p-value <0.05 in the multivariable regression were inputted into stepwise 
regression analysis. Finally, the estimated ASMI equation for estimating ASMI included weight, Cr and MT (Table 4). 
A linear regression equation was established as follows: estimated ASMI = 0.625 + 0.049 × weight + 0.987 × Cr + 0.762 
× MT. The estimated ASMI was significantly positively correlated with the actual ASMI (r = 0.70, p < 0.001) (Figure 3). 
The model achieved 69.6% sensitivity, 84.8% specificity, and an AUC of 0.787 (95% CI: 0.702 to 0.872) (cutoff value = 
6.52 kg/m2) in male. In female, the AUC was 0.783 (95% CI: 0.680 to 0.885), and at a cutoff of 5.70 kg/m2, the model 
exhibited a sensitivity of 77.3% and a specificity of 73.0% for detecting low muscle mass (Figure 4).

Discussion
The present study was the first to explore the value of ultrasound assessment including SWE of the gastrocnemius muscle 
in identifying sarcopenia in patients with type 2 diabetes. The study demonstrated that CSA and SWEstraight of the 
gastrocnemius muscle were independently associated with sarcopenia, while MT was independently associated with low 
muscle mass in type 2 diabetic patients. We developed the equation including age, CSA and SWEstraight which could 
identify sarcopenia with high sensitivity and specificity. Furthermore, the estimated ASMI equation using weight, Cr and 
MT to estimate ASMI was also developed. The equation can relatively accurately estimate ASMI and identify low 
muscle mass in type 2 diabetic patients.

Muscle ultrasound is a new diagnostic tool for sarcopenia. Previous studies have shown that muscle ultrasound can be 
used successfully to detect changes in both muscle mass and quality in a variety of clinical conditions, such as chronic 
kidney disease, cirrhosis, rheumatoid arthritis, and hip fracture.28–31 So far, there have been two studies on the use of 
muscle ultrasound in diabetic patients. Tan et al found that muscle thicknesses of rectus femoris (RF), vastus intermedius 
(VI), vastus medialis (VM) and vastus lateralis (VL) and pennate angle of VI and VM were significantly lower in type 1 
diabetes than in the control group.32 Chen et al showed that in elderly patients with type 2 diabetes, patients with 
sarcopenia had smaller muscle CSA and lower stiffness of RF than patients without sarcopenia. They also used age, CSA 
and SWE to develop a diagnostic model for sarcopenia.21 Previous studies demonstrated that ultrasound measurement of 
gastrocnemius muscle could identify sarcopenia in hospitalized patients older than 60 years.33 Considering that the 
gastrocnemius muscle was more readily available than the quadriceps, we chose gastrocnemius muscle as the measured 
muscle. Similarly, we found that type 2 diabetic patients with sarcopenia had lower CSA, MT and SWE values than 
patients without sarcopenia, and we also developed a diagnostic model for sarcopenia using age, CSA and SWE.

Table 3 Stepwise Regression of Sarcopenia

aOR (95% CI) p-value

Age 1.07 (1.01–1.13) 0.045

CSA 0.83 (0.69–0.98) 0.039
SWEstraight 0.75 (0.60–0.89) 0.017

Abbreviations: CSA, cross-sectional area; SWE, shear wave 
ultrasound elastography; aOR, adjusted odds ratio; CI, confi-
dence interval.
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In addition, our study demonstrated that FL of gastrocnemius muscle was lower in patients with sarcopenia, and that 
CSA, MT and FL were positively correlated with ASMI. However, there was no significant difference in PA values 
between patients with and without sarcopenia, which may be partly explained by the small sample size. Ultrasound- 
measured MT of gastrocnemius muscle correlated well with ASMI assessed by DXA.34 The correlation between MT and 
ASMI was also confirmed in our study. What made our study different was that we also combined available clinical 
values: weight and Cr with ultrasonic parameter: MT to develop estimated ASMI equation that could identify low muscle 
mass in type 2 diabetic patients.

MT and CSA are two common ultrasound parameters of muscle mass, which have been widely used in the study of 
sarcopenia.35 The loss of muscle mass is manifested by a decrease in muscle thickness and muscle cross-sectional area. 
According to the results of our regression analysis, MT and CSA were entered into two models, respectively, which were 
also consistent with the theory and previous studies. It is well known that a loss of muscle mass leads to decline in 
muscle strength. Therefore, MT and CSA could indirectly reflect handgrip strength. Our study also showed that handgrip 
strength was positively correlated with CSA and MT. SWE is an ultrasound imaging method based on detecting the 
propagation of shear waves in tissues. The method uses the inversion algorithms to map the waves into elastograms and 
determine the stiffness of the tissue by measuring the shear modulus.36,37 In previous studies and in our studies, SWE 
was lower in patients with sarcopenia than in patients without sarcopenia. It may be due to a decrease in the number of 
muscle fibers and an increase in the amount of connective tissue such as adipose and extracellular matrix in patients with 
sarcopenia, resulting in a more significant decrease in muscle stiffness in patients with sarcopenia.33,38 SWE, which 
spatially represents soft tissue stiffness and measures muscle quality, appears to be a reliable technique for assessing 
muscle fibrosis in sarcopenia. Cr is an endogenous product released by muscle, and its blood concentration depends on 
muscle mass.39 The entry of Cr into the estimated ASMI equation is understandable and reasonable.

The current study has several limitations. First, the study did not measure MT, CSA and FL under passive stretch 
condition of gastrocnemius muscle. However, we measured SWE of gastrocnemius muscle under static and passive 
stretch conditions and developed the relatively accurate equations. Second, there was relatively small sample size in the 
study. However, we referred to the previous literature and estimated the sample size before the study. Future 

Figure 2 The results of ROC curve of the model in identifying sarcopenia. (A) The AUC, sensitivity and specificity of the model in total participants. (B) The AUC, 
sensitivity and specificity of the model in male. (C) The AUC, sensitivity and specificity of the model in female.

Table 4 Stepwise Regression of ASMI

β (95% CI) p-value

Weight 0.05 (0.03–0.07) <0.001
Cr 0.99 (0.08–1.90) 0.034

MT 0.76 (0.35–1.18) <0.001

Abbreviations: ASMI, appendicular skeletal muscle mass 
index; Cr, creatinine; MT, muscle thickness; CI, confidence 
interval.
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investigations with a larger number of subjects are needed to verify the generalizability. Third, we did not perform the 
internal and external validation of our models, which should be done in the future research. Finally, the study was limited 
to inpatients with type 2 diabetes, and whether the findings can be applied to outpatients or community dwelling ones 
with type 2 diabetes remains unknown. These will be studied in the future.

Conclusion
In conclusion, ultrasound assessment including SWE of the gastrocnemius muscle may be useful in detecting sarcopenia 
in type 2 diabetic patients. The models developed in our study based on available clinical values and muscle ultrasonic 
parameters should be confirmed in the future large sample research. In addition, it is also necessary to further study the 
application value of muscle ultrasound in different populations and to compare muscle ultrasound with the gold standard.

Data Sharing Statement
Data relevant to this study are available from the corresponding authors upon reasonable request.
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The study was approved by the Institutional Ethics Research Committee of Longyan First Affiliated Hospital of Fujian 
Medical University. All participants provided written informed consent prior to enrolment.

Figure 3 Correlations between the estimated ASMI and actual ASMI.

Figure 4 The results of ROC curve of the model in identifying low muscle mass. (A) The AUC, sensitivity and specificity of the model in male. (B) The AUC, sensitivity and 
specificity of the model in female. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; ASMI, appendicular skeletal muscle mass index.
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