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Purpose: To investigate the value of conventional ultrasound combined with shear wave elastography (SWE) for sarcopenia in
patients with cardiovascular disease (CVD).

Methods: 114 CVD patients were enrolled in this study, where CVD was defined as physician-diagnosed heart disease and/or stroke.
Appendicular skeletal muscle mass index (ASMI), calf circumference, grip strength, and 6-m walking speed were measured. Patients were
categorized into non-sarcopenia (n=78) and sarcopenia (n=36) groups. Conventional ultrasound and SWE features were measured in relaxed
and passive stretched states, and the presence of flaky myosteatosis echo (FE) in rectus femoris (RF) was evaluated. The differences in
clinical indicators, conventional ultrasound and SWE features between the two group were analyzed. The Spearman correlation analysis was
used to assess the relationship between clinical indicators and conventional ultrasound/SWE features. Independent predictors of sarcopenia
were subsequently, and a combined diagnostic model was established by binary logistic regression analysis based on these predictors.
Results: The sarcopenia group exhibited significantly lower subcutaneous adipose tissue thickness (T/SAT,cjaxeq), thickness (T/
RF elaxed> T/RFgyretcheq), Cross-sectional area (CSA/RF eiaxeds CSA/RFgpeichedss ACSA) of RF, and the thickness of RF and vastus
intermedius [T/(RF+VI)ejaxed> I/(RF+VI)giretcheal, but significantly higher presence of FE/RF compared to the non-sarcopenia group.
In terms of SWE features, patients with sarcopenia exhibited significantly lower shear wave velocities (SWV) in the RF (SWV/
RF etaxeds SWV/RFerchea) and VI (SWV/Vlieraxeds SWV/Vigpercnea), @s well as the difference in SWV between the two states (ASWV/
RF, ASWV/VI). Finally, the prediction model for sarcopenia in patients with CVD incorporating T/SAT cjaxed> T/RF spretcheds ASWV/RE,
and SWV/VIecneq Was established, with a sensitivity of 83.3%, specificity of 89.7% and cutoff value of 0.381.

Conclusion: Conventional ultrasound combined with SWE provides a novel and quantitative approach for visualizing alterations in
muscle mass and stiffness, facilitating early identification of sarcopenia in CVD patients and offering reliable imaging evidence for
clinical intervention.
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Introduction

Sarcopenia is a geriatric syndrome characterized by age-related loss of muscle mass, plus decline in muscle strength and/or
reduced physical performance, recognized as a public health challenge in aging societies.'” It has an insidious onset,
accompanied by multiple adverse outcomes, primarily including increased risk of falls, disability, reduced quality of life, and
high mortality rates.’ Furthermore, sarcopenia increases the risk of developing from chronic diseases, such as chronic kidney
disease, type 2 diabetes, and cardiovascular diseases (CVD).*® These consequences severely compromise the health and well-
being of older adults, imposing significant socioeconomic burdens on individuals, communities, and healthcare systems.
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The progression of CVD is strongly associated with aging, and CVD remains a leading cause of mortality in elderly
patients.”® Studies have shown that the prevalence of sarcopenia is significantly higher in patients with CVD compared
to healthy populations.” Meanwhile, a 3.6-year follow-up study further revealed that patients with sarcopenia have a 33%
increased risk of developing new-onset CVD compared to non-sarcopenic peers.'” This bidirectional relationship
accelerates disease progression and worsens prognosis. Potential mechanisms underlying this association include
increased skeletal muscle catabolic stress in CVD patients, leading to exercise intolerance, impaired ventilatory
efficiency, and insulin resistance.!' Additionally, malnutrition driven by elevated proinflammatory cytokines in CVD
patients may further contribute to sarcopenia.'” Consequently, early identification and intervention for sarcopenia are
critical to improving clinical management and prognosis in CVD populations.

Loss of muscle mass is a critical diagnostic criterion for sarcopenia. According to the Asian Working Group for Sarcopenia
(AWGS) 2019 consensus, muscle mass can be assessed using dual-energy X-ray absorptiometry (DXA), bioelectrical impedance
analysis (BIA), and ultrasound.” In Asia, DXA and BIA are the most commonly utilized modalities. However, BIA tends to
overestimate muscle mass and is highly susceptible to individual body water content.'® Ultrasound has emerged as a research
focus for muscle mass evaluation due to its non-invasive nature, real-time capabilities, and cost-effectiveness. Ultrasound
quantifies structural alterations through parameters such as muscle thickness, cross-sectional area (CSA), and echogenicity.'*
Shear wave elastography (SWE), a novel ultrasound-based technique enabling quantitative assessment of tissue elasticity, has
been widely applied in clinical diagnosis and research across thyroid,'> breast,'® and liver diseases.'”'® Although early-stage
muscle mass changes are often subtle and indistinguishable by conventional ultrasound, SWE enhances detection sensitivity by
evaluating tissue stiffness and biomechanical properties through shear wave velocity (SWV) measurements.'

Recent studies have explored the value of SWE in skeletal muscle evaluation and sarcopenia assessment. The
technique has been applied to detect secondary sarcopenia in patients with chronic obstructive pulmonary disease’

2! and has also demonstrated diagnostic utility in type 2 diabetes,” with SWE parameters

and Parkinson’s disease,
consistently correlating with muscle mass and function indicators. However, no research has yet investigated SWE for
sarcopenia in patients with CVD, a population with high sarcopenia prevalence.

Therefore, the aim of this study was to explore the value of conventional ultrasound combined with SWE for
sarcopenia in patients with CVD by quantifying muscle mass and stiffness. This work addressed a critical gap in the
management of CVD patients by evaluating a practical, imaging-based strategy for early identification of sarcopenia,

which could enable timely intervention to improve outcomes.

Material and Methods
Study Participants

This study was conducted in accordance with the Declaration of Helsinki. A total of 150 patients with stable cardiovascular
disease (CVD) were recruited for this prospective observational study between June 2024 and January 2025. CVD was defined
as physician-diagnosed heart disease, including angina pectoris, myocardial infarction, congestive heart failure, and other
cardiac disorders, and/or stroke.”'” The study was approved by the Research Ethics Committee of the Third Affiliated
Hospital of Guangzhou Medical University. Based on the following inclusion criteria, 114 patients were selected: (a) signed
informed consent; (b) body mass index (BMI) 18.0-28.0 kg/m2; (c) able to cooperate and complete corresponding examina-
tions. 36 patients were excluded according to the following exclusion criteria: (a) severe renal insufficiency or cancer; (b)
severe lower limb trauma or surgery; (c) neuromuscular diseases with mobility impairment; (d) long-term use of estrogen,
glucocorticoids, and other drugs that may affect skeletal muscle. Based on the Asian Working Group for Sarcopenia (AWGS)
2019 consensus criteria,” the CVD patients were divided into non-sarcopenia (n=78) and sarcopenia (n=36) groups (Figure 1).

Assessment of Sarcopenia Status
Calf Circumference

Calf circumference was measured with patients seated in a chair, feet shoulder-width apart, and legs fully exposed.
A tape measure was horizontally wrapped around the maximal circumference of each calf. Measurements were
performed bilaterally, and the smaller value was recorded for analysis.
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Figure | The flowchart of study participants selection.

Muscle Strength: Handgrip Strength

Handgrip strength was assessed using a CAMRY electronic grip strength meter (EH101, Guangdong, China). Subjects
were seated with the forearm and upper arm positioned at a 90° angle. The test was administered twice with a 1-minute
interval between measurements, and the higher value was selected as the final result.

Physical Performance: 6-m Walking Speed

Walking speed was evaluated by having subjects walk 6 m at their habitual pace. Timing was initiated when the first foot
lifted off the ground and stopped when the first foot completely crossed the finish line. The test was repeated twice, and
the faster result was recorded for analysis.

Skeletal Muscle Mass

Dual-energy X-ray absorptiometry (DXA, GE Healthcare, New York, USA) was utilized to analyze total body muscle
mass. Measurements including extremity muscle mass, subcutaneous fat volume (SFV), visceral fat volume (VFV),
waist-to-hip ratio (WHR), and bone mineral density (BMD) were obtained. The appendicular skeletal muscle index
(ASMI) was calculated as extremity muscle mass (kg) divided by height squared (m?). Finally, low muscle mass was
defined as the ASMI values of <5.4 kg/m* in women and <7.0 kg/m? in men.

Strength, Assistance in Walking, Rise from a Chair, Climb Stairs, Calf Circumference (SARC-Calf)

The SARC-Calf questionnaire was utilized to assess six parameters: strength, walking ability, rising from a chair, stair
climbing, falls, and calf circumference. The first five items were scored from 1 to 2 points each, while the final item was
scored as 0 or 10 points. A total score of >11 points was considered possible sarcopenia.

Nutritional Status Assessment

Nutritional status was evaluated using mini nutritional assessment short-form (MNA-SF) comprising six domains: food intake
decline, weight loss, mobility, acute illness/psychological stress, neuropsychological problems, and BMI. The total score
ranged from O to 14, with scores interpreted as follows: 12—14 (normal), 8—11 (risk of malnutrition), and 0—7 (malnutrition).
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Conventional Ultrasound and Shear Wave Elastography (SWE) Measurements

All conventional ultrasound and SWE assessments were performed by a sonographer with extensive experience in
musculoskeletal imaging. All examinations were conducted using a Resona 8 ultrasound system (Mindray, Shenzhen,
China) equipped with SWE technology and a linear array transducer (5—14 MHz frequency).

The rectus femoris (RF) and vastus intermedius (VI) muscles of the anterior thigh were selected for ultrasound
assessment. This selection was based on their anatomical suitability for ultrasonography, being large and superficial
enough to allow clear visualization and reproducible measurements in both relaxed and stretched states. Furthermore,
these muscles have been established in the literature as reliable surrogates for systemic skeletal muscle mass assessment,
with strong correlations between their ultrasound parameters and skeletal muscle mass.?’>2?

Prior to examination, patients were provided with standardized education regarding the procedural protocol and were
instructed to maintain full relaxation throughout the assessment. Standardized conventional ultrasound and SWE
measurements of the rectus femoris (RF) and vastus intermedius (VI) muscles were performed under two distinct
postural conditions: (a) Relaxed state: patients were positioned supine with lower limbs fully extended in a natural resting
position. The transducer is placed in the middle and lower third of the distance between the anterior superior spine of the
iliac and the lower margin of the patella. The measurement level was marked with a skin marker by the operator during
the initial examination to ensure consistent transducer placement. (b) Passive stretched state: patients remained supine
with knees flexed at 90°. The measurement site selection criteria and marking methodology remained identical to those
described for the straight state.

The transducer was positioned perpendicular to the longitudinal axis of the RF muscle. Muscle thickness and cross-
sectional area (CSA) were measured in both relaxed and passive stretched states, and the differences in thickness and
CSA between the two states were calculated (Figure 2A and B). The subcutaneous adipose tissue (SAT) thickness was
measured and the presence of flaky myosteatosis echo (FE) within the RF was evaluated in the relaxed state. The FE was
defined as the presence of flaky hyperechoic areas or the hyperechoic coverage of the entire muscle®* (Figure 2C and D).
The region of interest (ROI) was standardized to a diameter of 6 mm and a depth of 4 cm. Vascular, tendinous, or fascial
structures were strictly excluded from the ROI. Shear wave velocities (SWV, m/s) of the RF and VI muscles were
automatically recorded in both states, and the SWV differences between the two conditions were computed. All
measurements were performed in triplicate, and the mean values were utilized for subsequent statistical analysis.

Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (IBM SPSS Inc., Chicago, USA). Normality of continuous variables
was assessed by the Shapiro—Wilk test. Normally distributed data were expressed as means + standard deviation (SD),
and were analyzed using an independent f-test. Skewed distribution data were expressed as median (25th—75th
percentile), and were analyzed using the Wilcoxon rank-sum test. Categorical variables were presented as numbers
(percentages), and were analyzed using the chi-square test or Fisher’s exact test, as appropriate. Spearman correlation
analysis was utilized to evaluate associations between ultrasonographic parameters and clinical indicators. The intraclass
correlation coefficient (ICC) was used to evaluate the intra-observer reliability of the ultrasound parameter measure-
ments. To explore the diagnostic efficacy of combined ultrasound markers for sarcopenia in CVD, a binary logistic
regression model was established. The diagnostic performance of the model was assessed by receiver operating
characteristic (ROC) curve analysis, with results expressed as the area under the ROC curve (AUC). The best cutoff
value was used the Youden index, and was calculated as maximum (sensitivity + specificity) — 1. P <0.05 was considered
statistically significant.

Results

Patient Characteristics

Compared to the non-sarcopenia group, the sarcopenia group exhibited significantly older age (68.00 £ 9.05 years vs
63.85 + 6.98 years, P = 0.008), but significantly lower body weight (55.28 + 8.27 kg vs 62.60 = 7.50 kg, P < 0.001) and
BMI [20.85 (19.95-22.30) kg/m2 vs 24.85 (23.60-26.70) kg/mz, P < 0.001]. The non-sarcopenia group was
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Table | Basic Clinical Characteristics of the Study Population

Variables Total (n = 114) Non-Sarcopenia (n = 78) | Sarcopenia (n =36) | P
Age, years 65.16 £ 7.90 63.85 + 6.98 68.00 + 9.05 0.008
Sex 0.017
Male, n (%) 45 25 (32.05) 20 (55.56)
Female, n (%) 69 53 (67.95) 16 (44.44)
Height, cm 159.00 (154.00-165.25) | 157.50 (154.00-164.00) 161.00 (156.00-167.25) | 0.110
Weight, kg 60.29 + 8.44 62.60 + 7.50 55.28 £ 827 <0.001
BMI, kg/m? 23.95 (21.35-26.00) 24.85 (23.60-26.70) 20.85 (19.95-22.30) <0.001
Smoking 22 13 (16.67) 9 (25.00) 0.315
Drinking 13 9 (11.54) 4 (11.11) 1.000
Calf circumference, cm | 34.31 + 2.81 3536 +2.28 32.03 +2.50 <0.001
Handgrip strength, kg 23.95 (18.75-30.15) 22.60 (18.80-30.00) 24.85 (18.55-30.25) 0.934
6-m walking speed, m/s | 0.96 + 0.2 1.00 + 0.19 0.89 + 0.21 0.007

Notes: Normally distributed data were expressed as means * standard deviation and analyzed with an independent t-test; skewed distribution
data as median (25th—-75th percentile) with the Wilcoxon rank-sum test; and categorical variables as numbers (percentages) with the chi-

square test or Fisher’s exact test, as appropriate. Bold text indicates P<0.05.
Abbreviation: BMI, body mass index.

Figure 2 The measurement diagram of conventional ultrasonic parameters. (A) Measurement of SAT thickness (blue line), RF thickness (white line) and RF+VI thickness
(red line) and CSA of RF in the relaxed state. (B) Measurement of RF thickness (white line), RF+VI thickness (red line) and CSA of RF in the passive stretched state. (C) The
normal echo of RF in a 54-year-old man. (D) The flaky myosteatosis echo of RF in a 68-year-old man.
Abbreviations: RF, rectus femoris; VI, vastus intermedius; CSA, cross-sectional area; SAT, subcutaneous adipose tissue.

predominantly female (67.95%), whereas the sarcopenia group had a male predominance (55.56%). The sarcopenia
group demonstrated significantly lower calf circumference (32.03 £+ 2.50 cm vs 35.36 + 2.28 cm, P < 0.001), 6-meter
walking speed (0.89 + 0.21 m/s vs 1.00 = 0.19 m/s, P = 0.007), ASMI [5.84 (5.25-6.67) kg/m” vs 6.88 (6.20-7.48) kg/
m?, P < 0.001], and SAV [699.00 (497.00-855.00) cm’ vs 1012.50 (810.00-1279.00) cm’, P < 0.001] compared to the
non-sarcopenia group. Additionally, the sarcopenia group showed significantly lower SARC-CalF scores and poorer
nutritional status (P < 0.001). No significant differences were observed between the two groups in height, smoking,
drinking, handgrip strength, VAV, WHR, or BMD (P > 0.05 for all) (Tables 1 and 2).
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Table 2 Clinical and Functional Indicators of the Study Population

Variables Total (n = 114) Non-Sarcopenia (n = 78) | Sarcopenia (n=36) | P
ASMI, kg/m? 6.69 (5.93-7.23) 6.88 (6.20-7.48) 5.84 (5.25-6.67) <0.001
SAV, cm® 939.50 (676.00-1227.00) | 1012.50 (810.00-1279.00) 699.00 (497.00-855.00) | <0.001
VAV, cm® 1108.33 £ 476.26 1163.90 = 478.49 987.94 + 454.80 0.066
WHR 1.19 (1.05-1.35) 1.21 (1.05-1.38) 1.17 (1.00-1.33) 0.690
BMD 0.440

Normal 44 33 (42.31) Il (30.55)

Low bone mass 51 32 (41.02) 19 (52.78)

Osteoporosis 19 13 (16.67) 6 (16.67)
SARC-CalF score 1.00 (0.00-10.00) 0.00 (0.00-1.00) 11.00 (10.00-12.00) <0.001
Nutritional status <0.001

Normal 9l 72 (92.31) 19 (52.78)

Risk of malnutrition | 20 6 (7.69) 14 (38.89)

Malnutrition 3 0 (0.00) 3(8.33)

Notes: Normally distributed data were expressed as means
distribution data as median (25th—75th percentile) with the Wilcoxon rank-sum test; and categorical variables as numbers (percentages)
with the chi-square test or Fisher’s exact test, as appropriate. Bold text indicates P<0.05.
Abbreviations: ASMI, appendicular skeletal muscle index; SAV, subcutaneous adipose volume; VAV, visceral adipose volume; WHR, waist-to-
hip ratio; BMD, bone mineral density; SARC-CalF, strength, assistance in walking, rise from a chair, climb stairs, calf circumference, falls.

Ultrasound and SWE Characteristics of Patients

The intra-observer reliability analysis showed high consistency for all ultrasound parameters (Supplementary Table 1). In
terms of the conventional ultrasound parameters, compared to the non-sarcopenia group, the sarcopenia group exhibited
significantly lower T/SAT cjaxed> T/RFretaxed> T/RF stretcheds CSA/RF eiaxeds CSA/RFgretcheds ACSA, T/(RF+VI) elaxeq, and
T/(RF+VDsretchea (P < 0.001 for all), but significantly higher presence of FE/RF (P = 0.019). In terms of the SWE
parameters, patients with sarcopenia exhibited significantly lower SWV/RF ¢jaxeq (1.78 £ 0.15 m/s vs 1.94 + 0.24 m/s,
P <0.001), SWV/RFeched [2.95 (2.86-3.17) m/s vs 3.48 (3.37-3.64) m/s, P < 0.001], ASWV/RF [1.20 (1.08-1.39) m/s
vs 1.55 (1.34-1.69) m/s, P < 0.001], SWV/VI¢laxea [2-13 (1.94-2.20) m/s vs 2.27 (2.17-2.43) m/s, P < 0.001], SWV/
Vipetched [3-23 (2.99-3.42) m/s vs 3.64 (3.53-3.73) m/s, P < 0.001], and ASWV/VI [1.03 (0.91-1.29) m/s vs 1.31

standard deviation and analyzed with an independent t-test; skewed

(1.16-1.43) m/s, P < 0.001] compared to patients without sarcopenia (Table 3 and Figure 3).

Table 3 Comparison of Ultrasound Features Between Non-Sarcopenia and Sarcopenia Patients

Variables Total (n = 114) Non-Sarcopenia (n = 78) | Sarcopenia (n = 36) | P

Conventional ultrasound parameters
T/SAT claxed» MM 6.60 (4.90-9.30) 7.90 (5.20-10.10) 5.45 (4.15-7.00) <0.001
T/RF elaxeds MM 10.50 (9.40-12.20) 11.25 (10.00-12.70) 9.50 (8.20-10.20) <0.001
T/RFgretcheds MM 15.20 (13.40-17.70) | 16.35 (14.00-18.20) 13.00 (11.50-15.40) <0.001
AT/RF, mm 4.75 (3.20-6.10) 4.95(3.60-6.40) 4.30 (2.25-5.85) 0.078
CSA/RF¢jaxedr €M> 3.18 (2.79-3.71) 3.37 (3.06-3.84) 2.59 (2.39-3.12) <0.001
CSA/RFereccheds €M> 3.94 (3.34-4.60) 4.21 (3.68-4.69) 2.98 (2.66-3.88) <0.001
ACSA, cm? 0.58 (0.40-0.93) 0.67 (0.49-1.04) 0.36 (0.23-0.64) <0.001
FE/RF 54 38 (48.72) 26 (72.22) 0.019
T/(RF+V1) elaxeds MM 22.65 (18.80-26.40) | 23.85 (21.40-27.00) 19.70 (16.55-23.30) <0.001
T/(RF+V1)gtretcheds MM 30.85 £ 6.13 32.58 £ 545 27.10 £ 5.90 <0.001
AT/RF+VI, mm 793 +3.44 829 + 3.21 7.16 £ 3.84 0.103

(Continued)
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Table 3 (Continued).

Variables Total (n = 114) Non-Sarcopenia (n = 78) | Sarcopenia (n = 36) | P

SWE parameters
SWV/RF,claxeds M/s 1.89 + 0.23 1.94 £ 0.24 1.78 £ 0.15 <0.001
SWV/RFiretcheds M/s 3.39 (3.08-3.58) 3.48 (3.37-3.64) 2.95 (2.86-3.17) <0.001
ASWV/RF, m/s 1.42 (1.22-1.65) 1.55 (1.34-1.69) 1.20 (1.08-1.39) <0.001
SWV/Vl,elaxeds M/s 2.21 (2.12-2.38) 2.27 (2.17-2.43) 2.13 (1.94-2.20) <0.001
SWV/V iretcheds M/s 3.57 (3.33-3.68) 3.64 (3.53-3.73) 3.23 (2.99-3.42) <0.001
ASWVIVI, m/s 1.27 (1.08-1.40) 1.31 (1.16-1.43) 1.03 (0.91-1.29) <0.001

Notes: Normally distributed data were expressed as means * standard deviation and analyzed with an independent t-test; skewed distribution data as median
(25th—75th percentile) with the Wilcoxon rank-sum test; and categorical variables as numbers (percentages) with the chi-square test or Fisher’s exact test, as
appropriate. Bold text indicates P<0.05. A-values represent the difference between measurements in the passive stretched state and relaxed state.
Abbreviations: T, thickness, SAT, subcutaneous adipose tissue; RF, rectus femoris; CSA, cross-sectional area; FE, flaky myosteatosis echo; VI, vastus
intermedius; SWE: shear wave elastography; SWYV, shear wave velocity; AT/RF, T/RFgyetched = T/RFretaxeds ACSA, CAS/RFererched — CSA/RF elaxed;
AT/RF+VI, T/(RF+V1)sirerched = T/(RF+V1) eiaxed; ASWVIRFE, SWV/RFirecched = SWV/RF eiaxeds ASWVIVI, SWVVgireched = SWVIV] elaxed.

Correlation Between Clinical Measurements and Ultrasound Features

The Spearman correlation matrix analysis revealed that FE/RF was significantly and negatively correlated with calf
circumference (r = —0.41, P < 0.01), handgrip strength (» = —0.43, P < 0.01), 6-m walking speed (» = —0.31, P < 0.01),
and ASMI (r = —0.48, P < 0.01). T/SAT c1axea Was significantly and negatively correlated with handgrip strength (r =
—0.58, P < 0.01) and ASMI (r = —0.26, P < 0.01). SWV/RF ¢jaxeq Was significantly and negatively correlated with
handgrip strength (# = —0.20, P < 0.05). In contrast, the remaining conventional ultrasound and SWE parameters were
positively correlated with calf circumference, handgrip strength, 6-m walking speed, and ASMI (Table 4).

Effectiveness of Ultrasound and SWE Screening for Sarcopenia in Patients with CVD
Based on the Spearman correlation matrix results (Supplementary Table 2), variables with a collinearity threshold of |r| >

0.6 were excluded. Patient baseline clinical characteristics (age, weight) and ultrasound parameters (T/SAT,¢jaxed> 1/
RFetcheds ACSA, FE/RF, ASWV/RF, SWV/VIgiciched, and ASWV/VI) were included in the binary logistic regression
analysis. The final model identified the following independent predictors of sarcopenia in patients with CVD: T/
SAT eraxed> T/RFsiretcheds ASWV/RF, and SWV/ VI eecneqa (Table 5). ROC curve analysis was employed to evaluate the
diagnostic performance of T/SAT ¢jaxed> T/RF stretcheds ASWV/RFE, SWV/VIetcneqd and the combined prediction model for
sarcopenia. As illustrated in Figure 4, the AUC values for T/SAT ciaxeds T/RF stretcheds ASWV/RF, SWV/VIgetched, and the
prediction model were 0.710, 0.764, 0.778, 0.870, and 0.921, respectively. The prediction model demonstrated
a sensitivity of 83.3%, specificity of 89.7% and cutoff value of 0.381 for diagnosing sarcopenia. Sarcopenia was
diagnosed only by T/SAT,ciaxed> OF T/RFgietcheds OF ASWV/RF, or SWV/VIg eichea: The cutoff value of T/SATejaxed
was 7.45 mm, T/RFgqeichea Was 12.70 mm, ASWV/RF was 1.37 m/s, and SWV/Vgeichea Was 3.48 m/s (Figure 4).

Disscusion
Our study demonstrated that ultrasound combined with SWE could reflect muscle quality by quantifying the muscle
volume and stiffness of the RF and VI, and they could be used to assess sarcopenia in patients with CVD. Numerous
studies have indicated that the presence of sarcopenia increases the risk of heart disease and stroke.”> *® Gao et al'’
proved in 11,863 middle-aged and elderly individuals that sarcopenia was independently and positively correlated with
the incidence of CVD. Meanwhile, Alessandra M Campos et al*® found that sarcopenia was associated with subclinical
atherosclerosis and endothelial dysfunction. CVD caused low-grade chronic systemic inflammation and metabolic
abnormalities in patients, which in turn lead to muscle atrophy, as well as significant declines in physical function,
capacity, and performance. Therefore, accurate identification of sarcopenia in CVD patients is of paramount importance.
This study included 114 patients with CVD, among whom the prevalence of sarcopenia was 31.58%. Patients in the
sarcopenia group were significantly older and exhibited lower body weight and BMI compared to the non-sarcopenia
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Figure 3 SWV of the RF and VI under different states in patients with CVD. (A and B) Representative SWYV images of the RF in the relaxed state for patients without/with
sarcopenia. (C) Difference in SWV/RF,¢jaxed between the non-sarcopenia and sarcopenia groups. Error bar, means * standard deviation. (D and E) Representative SWYV images of
the RF in the stretched state for patients without/with sarcopenia. (F) Difference in SWV/RFcched between the non-sarcopenia and sarcopenia groups. Error bar, median with
interguartile range. (G and H) Representative SWYV images of the VI in the relaxed state for patients without/with sarcopenia. (I) Difference in SWV/VI,.¢joxed between the non-
sarcopenia and sarcopenia groups. Error bar, median with interguartile range. (J and K) Representative SWYV images of the VI in the stretched state for patients without/with
sarcopenia. (L) Difference in SWV/Vlgiecched between the non-sarcopenia and sarcopenia groups. Error bar; median with interguartile range. (A, D, G, J) Representative SWV
images of patients with non-sarcopenia; (B, E, H, K) Representative SWYV images of patients with sarcopenia. ***P < 0.00|. White rectangular boxes: the sampling frames for SWV
measurement; White circles: the ROl for SWV measurement.

Abbreviations: SWYV, shear wave velocity; RF, rectus femoris; VI, vastus intermedius; CVD, cardiovascular disease; ROI, region of interest.

group, similar to previous studies.>*>? Additionally, the sarcopenia group demonstrated significantly lower SARC-CalF
scores and poorer nutritional status. As Damluji et al’ reported, patients with CVD experience disruptions in normal
muscle cell metabolism due to factors such as metabolic disorders and inflammatory states, which can trigger or
exacerbate sarcopenia. Notably, in terms of grip strength, a conventional indicator used to evaluate muscle strength,
there was no statistically significant difference between the two groups in this study. This seems to contradict the results
of previous studies.>** The reason may be attributable to the high proportion of females (67.95%) in the non-sarcopenic
group. Given women’s physiological predisposition to lower grip strength compared to men, this gender imbalance likely
masked the underlying between-group differences. The majority of ultrasound paraments in this study were highly
correlated with calf circumference, handgrip strength, 6-m walking speed, and ASMI. These indicate that ultrasound can
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Table 4 Correlation Between Clinical Measurements and Ultrasound Features

Indicators Calf Circumference | Handgrip Strength | 6-m Walking Speed | ASMI
T/SAT elaxed 0.11 —0.58%* 0.14 —0.26%**
T/RF claxed 0.44%+* 0.19* 0.33** 0.47%*
T/RFgtretched 0.55%* 0.44%* 0.30%* 0.64%*
ATIRF 0.33%* 0.45%* 0.12 0.44%*
CSA/RF,claxed 0.59%* 0.43%* 0.21* 0.67%*
CSA/RFtretched 0.62%* 0.44%* 0.26** 0.64%*
ACSA 0.48%* 0.25%* 0.29%* 0.43%*
FE/RF —0.4]%* —0.43%* —0.3 | #* —0.48%*
T/(RF+V1) elaxed 0.48** 0.19* 0.25%* 0.52%*
T/(RF+V1)gtrerched | 0.60%F 0.42%* 0.35%* 0.63**
AT/RF+VI 0.32%* 0.41%* 0.25%* 0.3**
SWV/RF,claxed 0.33%* —-0.20* 0.17 0.06
SWV/RFretched 0.33** —0.05 0.29%* 0.3**
ASWVIRF 0.18 0.09 0.21* 0.35%*
SWV/Vl, elaxed 0.46** —0.04 0.23* 0.23*
SWV NV irerched 0.46** 0.11 0.40%* 0.35%*
ASWVIVI 0.12 0.19* 0.22%* 0.28**

Notes: *indicates P<0.05, **indicates P<0.0l; Bold text indicates a significant negative correlation. Negative correlations
(marked with “-” before coefficients) mean that as the ultrasound parameter increases, the corresponding clinical indicator
decreases; positive correlations (no “-” before coefficients) mean the opposite.

Abbreviations: T, thickness, SAT, subcutaneous adipose tissue; RF, rectus femoris; CSA, cross-sectional area; FE, flaky
myosteatosis echo; VI, vastus intermedius; SWYV, shear wave velocity; AT/RF, T/RFgretrched — T/RFretaxed; ACSA, CAS/RFretched
— CSA/RF gjaxed; AT/RF+VI, T/(RF+V)sererched = T/(RF+V1) eiaxeds ASWVIRF SWV/RF i erched = SWVIRF ciaxed; ASWV/VI,

SWVNVtrerched — SWV/Vlretaxed.

Table 5 Multivariable Logistic Regression Analysis for Sarcopenia

Variables B SE X2 P OR 95% CI
T/SAT claxed —0.359 | 0.119 | 9.059 | 0.003 | 0.698 | 0.552-0.882
T/RFsretched —0.248 | 0.111 | 5.030 | 0.025 | 0.780 | 0.628-0.969
ASWVIRF —3.676 | 1.307 | 7914 | 0.005 | 0.025 | 0.002-0.328
SWV/Vgiretched | —4.908 | 1.479 | 11.018 | 0.001 | 0.007 | 0.000-0.134
Constant 27.668 | 5778 | 22.928 | 0.000 | — -

Notes: Nagelkerke R? = 0.660 (which indicates the model explains 66% of the variance in
sarcopenia). Negative B-values mean that as the predictor variable increases, the odds of
developing sarcopenia decrease.

Abbreviations: T, thickness; SAT, subcutaneous adipose tissue; SWYV, shear wave velocity;
RF, rectus femoris; VI, vastus intermedius; ASWV/RF, SWV/RFccched = SWV/RF,¢jaxed; SE,
standard error; OR, odds ratio; Cl, confidence interval.

be used as an effective alternative visualization method for evaluating muscle mass and strength, providing a new
technical means for the early detection and monitoring of sarcopenia in CVD patients.

In patients with CVD, aging leads to disruption of muscle homeostasis and neuronal degeneration, contributing to
satellite cell senescence. Concurrently, the loss of type II fibers and functional motor units results in muscle atrophy and
decreased contractile strength, ultimately progressing to sarcopenia.®* Previous studies have predominantly used ultra-
sound to visualize muscle mass by measuring muscle thickness and CSA.*>*¢ The thicker the muscle and the greater its

CSA, the more muscle fibers it contains, thereby resulting in greater muscle mass. For instance, Han et al*’

reported in
a study on ultrasound assessment of sarcopenia in hypertensive patients that the thickness and CSA of the RF exhibited
favorable predictive capacity for sarcopenia. Our findings also demonstrated that patients with sarcopenia exhibited
significantly reduced T/RF, CSA/RF, and T/(RF+VI) compared to non-sarcopenic individuals, both during relaxated and
passive stretched states. These suggest that ultrasonic measurements of muscle thickness and CSA may serve as effective

predictive indicators for sarcopenia in patients with CVD.
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Figure 4 ROC curve analysis of T/SAT elaxeds T/RFstreccheds ASWV/RF, SWV/ VI ercheds and the prediction model for diagnosing sarcopenia in patients with CVD. (A) The
AUC of T/SAT,elaxed and T/RFgirerched- (B) The AUC of ASWV/RF and SWV/ Vg erched-(€) The AUC, sensitivity, and specificity of the prediction model.

Abbreviations: T, thickness, SAT, subcutaneous adipose tissue; SWYV, shear wave velocity; RF, rectus femoris; VI, vastus intermedius; ASWV/RF, SWV/RFcched-SWV/
RF,elaxed; ROC, receiver operating characteristic; AUC, area under the curve; CVD, cardiovascular disease.

Intramuscular fatty infiltration, referring to ectopic fat deposition within muscle tissue, constitutes one of the
significant pathophysiological alterations in patients with sarcopenia.’’ Our findings revealed that sarcopenic patients
exhibited lower clinical parameter values for SAV and lower ultrasonic parameter values for T/SAT ¢jaxeq cOmpared to
non-sarcopenic individuals, while demonstrating higher present of FE/RF. A study has shown that an increase in thigh
intermuscular fat is an important predictor of walking speed decline.*® In this study, the 6-m walking speed of sarcopenic
patients was also significantly lower than that of non-sarcopenic individuals, implying that fat infiltration into muscles
leads to loss of mobility. This may be attributed to excessive intramuscular fat accumulation inducing a proinflammatory
state. Chronic inflammation was associated with reduced muscle strength and impaired muscle fiber contractility, thereby
leading to progressive loss of muscle mass and related functions.”’

Further, lipid accumulation and muscle fiber atrophy may lead to changes in muscle stiffness in sarcopenic patients.
SWE is a portable and radiation-free imaging technique that enables real-time direct quantification of tissue elastic
properties.*” The propagation speed of SWE in adipose tissue is lower than that in muscle tissue, leading to a decrease in
SWYV, which indicates a reduction in muscle stiffness. Previous studies have shown that SWE of the muscle could be
used for the diagnosis of sarcopenia in patients with chronic obstructive pulmonary disease,?® type 2 diabetes,*' and
maintenance hemodialysis.** In the present study, we similarly observed that the SWV/RF and SWV/VI in CVD patients
with sarcopenia was significantly lower than that in non-sarcopenic patients in both relaxed and passive stretched states,
as well as the difference between the two states. These findings provide critical insights beyond structural measurements
by conventional ultrasound. The lower SWV primarily reflects the degradation of intrinsic muscle quality due to fat
infiltration and fibrosis.***** Furthermore, the specifically reduced ASWV reveals a loss of the muscle’s elastic response,
providing a direct biomechanical explanation for the observed physical decline. Therefore, SWE adds significant
functional diagnostic value by linking muscle quality deterioration to functional impairment, offering a potential
biomarker for early intervention in CVD patients with sarcopenia.

Narici et al®

reported that the ultrasound sarcopenia index based on muscle geometric proportion changes measured
by ultrasound can stratify the severity of sarcopenia. Additionally, Chen et al® demonstrated that conventional ultrasound
combined with SWE can diagnose sarcopenia in type 2 diabetes patients. However, the potential value of ultrasound
combined with SWE in diagnosing sarcopenia in CVD patients remains unclear. In this study, we found that T/SAT cjaxed,
T/RFyetcheds ASWV/RF, and SWV/VIg,ecneq effectively predicted sarcopenia in CVD patients. The combination of
aforementioned conventional ultrasound and SWE parameters showed higher diagnostic value, with a larger area under
the curve (AUC=0.921), 83.3% sensitivity, and 89.7% specificity. These findings indicate that ultrasound imaging
techniques have potential diagnostic value for sarcopenia in CVD patients. The integration of this combined ultrasound
approach into existing CVD management pathways appears feasible, and its cost-effectiveness relative to the substantial

burden of sarcopenia-related complications warrants future investigation.
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However, this study still has several limitations. First, as a single-center investigation with a relatively small sample size of
sarcopenic patients, it may be susceptible to selection bias. Second, the study focused exclusively on the RF and VI, which
cannot represent the change trend of systemic muscles. Finally, the study population was limited to stable CVD patients, and it
remains unclear whether these results apply to those experiencing acute exacerbation of CVD. Future studies should include
larger sample sizes, assess multiple muscle groups, and incorporate diverse populations from multi-center cohorts with
varying CVD severity to improve generalizability. Furthermore, establishing standardized SWE parameters cutoff values for
sarcopenia and evaluating their prognostic utility in CVD patients would be of great clinical value.

In conclusion, conventional ultrasound combined with SWE provides a novel and quantitative approach for visualiz-
ing alterations in muscle mass and stiffness, facilitating early identification of sarcopenia in CVD patients and offering
reliable imaging evidence for clinical intervention. While the single-center design and focus on lower-limb muscles
represent a limitation, our findings laid a solid foundation for future multi-center studies to explore the value of these
ultrasound biomarkers in CVD outcomes.
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