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Objective: To investigate the impact of sarcopenia on the 10-year risk of atherosclerotic cardiovascular disease (ASCVD) among
individuals with type 2 diabetes mellitus (T2DM).

Methods: This study included the clinical, laboratory, and body composition data of 1491 patients with T2DM who were admitted to
the Department of Endocrinology and Metabolism at Tianjin Union Medical Center from July 2018 to July 2023. The China-PAR
model was utilized to evaluate cardiovascular disease risk. Associations between ASCVD risk and various clinical parameters were
analyzed, and the relationship between body composition parameters and ASCVD risk was assessed using logistic regression.
Results: The analysis revealed that T2DM patients with sarcopenia had a higher 10-year ASCVD risk compared to those without
sarcopenia, with reduced muscle mass independently predicting an increased risk of cardiovascular disease. This association was
significant among female T2DM patients, while male T2DM patients with sarcopenia showed a marginally higher median ASCVD
risk compared to their non-sarcopenic counterparts. ASCVD risk inversely correlated with body muscle parameters and positively
correlated with fat content parameters. Specifically, height- and weight-adjusted fat mass (FM, FM%, FMI) were identified as risk
factors for ASCVD. Conversely, muscle parameters adjusted for weight and fat (ASM%, SMM%, FFM%, ASM/FM, SMM/FM,
FMM/FM) were protective against ASCVD risk. These findings highlight the critical role of sarcopenia in influencing cardiovascular
disease risk among Chinese patients with T2DM, as predicted by the China-PAR model.

Conclusion: This study highlights the importance of sarcopenia in T2DM patients, not only as an indicator of ASCVD risk, but
possibly as an independent risk factor in this demographics.
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Introduction

Sarcopenia is a disease characterized by the gradual decrease of muscle function, mass, and strength. It is linked to
a higher risk of hospitalization, disability, falls, death, and loss of self-care ability." Sarcopenia was first described by
Irwin Rosenberg in 1988 as an age-related decline in skeletal muscle function and mass.” Baumgartner further provided
a method to assess sarcopenia using height-adjusted appendicular lean mass (kg/m®).® From a physiological perspective,
beyond 40 years of age, there is a progressive and systemic loss of muscle mass; before the age of 70, this degradation
rate is estimated to be 8% per decade and subsequently 15-25% per decade.* Depending on different demographic
characteristics and assessment criteria, sarcopenia is present in 10% to 40% of people worldwide.® Over the past decade,
sarcopenia has received increasing attention, particularly with the gradual increase in the world’s life expectancy. Over
the next 30 years, there is a projected considerable increase in the prevalence of sarcopenia.® Sarcopenia will affect more

than 200 million elderly individuals with worldwide,® which raises serious concerns for public health.
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Type 2 diabetes mellitus (T2DM) is one of the most serious and pressing health issues in the world. According to
predictions from the International Diabetes Federation, the prevalence of T2DM among adults aged 20 to 79 will rise
from 9.3% in 2019 to 10.2% by 2030. Specifically, there will be 578 million T2DM patients by 2030 compared to
463 million in 2019. It is projected that diabetes-related healthcare costs worldwide total 727 billion US dollars.” With
population aging and a rise in the incidence of metabolic and musculoskeletal diseases, changes in body composition
occur during the aging process, leading to an considerable decline in skeletal muscle mass (SMM) and an elevation in
body fat percentage.®® Both obesity and low muscle mass are linked to an increased risk of metabolic diseases, like
T2DM. Sarcopenia, defined as an age-related decline in muscle mass and function, is considered both a cause and a result
of T2DM.'*!"" Currently, there is growing attention to sarcopenia in T2DM patients, driven by clinical practice and
scientific research, as sarcopenia may significantly affect the quality of life of elderly individuals with T2DM.'?

Cardiovascular Disease (CVD) is one of the leading causes of death among diabetic individuals. It represents a significant
financial strain on patients, their families, and the healthcare system. It remains a leading cause of death and disability globally,
making up for one-third of all global deaths. In 2019, 6.2 million people between the ages of 30 and 70 died from CVD.
Compared to 1990, the total number of deaths due to CVD increased by 34.9%.'% Heart metabolism, behavior, environment,
genetic factors, as well as socio-economic and psychological risk factors, are the primary contributors to CVD."*!*

Sarcopenia has a bidirectional relationship with CVD.'> Sarcopenia can result in obesity, increased chronic inflammation,
and insulin resistance, all of which are closely associated with adverse metabolic effects, resulting in a high incidence of
chronic diseases including hypertension, hyperlipidemia, and hypertension. These diseases, in turn, are risk factors for CVD.'®
Patients with cardiovascular illness exhibit chronic inflammation, malnutrition, and decreased physical activity as preludes to
a catabolic condition that causes rapid muscle loss and the onset of sarcopenia.'” As common age-related conditions, both
sarcopenia and CVD have emerged as major concerns in public health. With the gradual formation and updating of consensus
on sarcopenia, increasing research has identified the relationship between sarcopenia and CVDs, like congenital heart disease,
coronary artery disease, ischemic heart disease, heart failure, and arrhythmias.'®'?

CVD risk assessment is a fundamental step of CVD prevention. Several predictive models for CVD risk assessment
have been established and applied in public health and clinical practice for different populations. Recently, the China-
PAR project, based on data from multiple contemporary adult cohorts in China in 2016, has been developed for
predicting atherosclerotic cardiovascular disease (ASCVD) risk and has seen widespread application in practice.>”

However, there is currently limited understanding regarding the interplay between sarcopenia and CVD risk assess-
ment in the T2DM population. Therefore, the objective of this research is to examine the impact of sarcopenia on the
CVD risk of patients with T2DM. Additionally, our research aims to delineate the specific effects of body composition
parameters on heightened CVD risk.

Materials and Methods

Study Participants

The study included 1491 T2DM patients who were admitted to the Department of Endocrinology and Metabolism at the Tianjin
Union Medical Center between July 2018 and July 2023. The diagnosis of diabetes was based on the criteria established by the
World Health Organization (WHO) in 1999.2" All participants provided written informed consent before their electronic medical
records and clinical data were accessed. This research complied with the Helsinki Declaration and was approved by the Medical
Ethics Committee of the Tianjin Union Medical Center. Figure 1 shows the research idea of this study.

The inclusion criteria for the study were individuals aged between 20 and 80 years with a diagnosis of T2DM. In
addition, the exclusion criteria were: (1) individuals with repeated hospitalizations (n=41); (2) conditions impacting the
precision of body composition measurements, such as local edema, severe arterial occlusion in lower limbs, presence of
pacemakers or other metal objects, or any issue preventing the completion of body composition assessments (n=69); (3)
history of Atherosclerotic Cardiovascular Disease (ASCVD) (n=609); (4) significant health complications including
anemia (Hemoglobin [HBG] <90g/L), recent malignant tumors (within 5 years), liver (alanine transaminase [ALT] > 120
U/L) or renal insufficiency (creatinine [Cr] > 265 pmol/L), severe cardiopulmonary or thyroid dysfunctions, or severe
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Hospitalized patients with type 2 depth disorders
from Fepartment of Internal Law, Tianjin People's
Hospital(2018.07-2023.07)
n=1491

1 Repeat hospitalization (n=41)

2. Unable to complete body composition determination (n=69)
Exclude 3. Already have atherosclerotic cardiovascular disease (n=609)
4. Anemia, malignant tumor, liver insufficiency, renal
insufficiency, cardiopulmonary insufficiency. Abnormal thyroid
function, severe infection and other diseases (n=56)

Inclusion T2DM
n=716
Muscle mass decrease — 10-year ASCVD risk
Male:ASM% < 30.06% Male:ASM% > 30.06% ) <10% High risk group
Female:ASMY% < 25.42% Female:ASM% > 25.42% Middle and low risk group n=493
Myopenia group n=268 Non-Myopenia group n=448 n=223

Figure | Research flow chart.

infections (n=56); and (5) those in an emergency condition or those who had used lipid-regulating drugs, antihyperten-
sive medications, or glucocorticoids.

Baseline Data Collection

Medical professionals, including doctors and postgraduate medical students, conducted interviews to gather clinical data
from the participants. These interviews covered aspects such as medical history (including previous illnesses, family
history of cardiovascular disease (CVD) or diabetes, and medication usage), lifestyle habits (such as alcohol consumption
and smoking), and general demographic information (age, gender, and the duration of diabetes). A family history of
diabetes was defined as having the condition in a first-degree relative—either a parent, sibling, or child. The same criteria
applied to a family history of CVD.

For laboratory analysis, venous blood samples were collected the following morning after participants had fasted for
at least eight hours. The analyses conducted included Fasting Blood Glucose (FBG), Low-Density Lipoprotein
Cholesterol (LDL-C), High-Density Lipoprotein Cholesterol (HDL-C), Triglycerides (TG), Total Cholesterol (TC),
Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Uric Acid (UA), Serum Creatinine (SCr), and
Blood Urea Nitrogen (BUN), using an automatic biochemical analyzer (TBA-120FR, Toshiba, Japan). The estimated
glomerular filtration rate (¢GFR) was determined using the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula.”? Hemoglobin Alc (HbAlc) levels were measured through high-efficiency liquid chromatography using an
automatic glycosylated hemoglobin analyzer (HA-8180, ARKRAY, Japan).

Height was measured with an automatic height measuring instrument (DST-600, DONGHUAYUAN, China) by surveyors
with medical backgrounds. Blood pressure was taken after at least five minutes of rest, using an arm-type electronic
sphygmomanometer (AC-05C, Ling Qian, China), ensuring accurate and consistent measurements across participants.

Body Composition Assessment

Body composition was assessed using bioelectrical impedance analysis (BIA) to measure visceral fat area (VFA), body
weight (BW), skeletal muscle mass (SMM), fat-free mass (FFM), fat mass (FM), and appendicular skeletal muscle mass
(ASM) utilizing a body composition analyzer (InBody770, Biospace, Korea). ASM was calculated as the total lean mass
in the bilateral upper and lower limbs. The body mass index (BMI, kg/m?) was calculated by dividing the weight (kg) by
the square of the height (m?).
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Corrections for body composition parameters were as follows:

(1) Correction based on Body Weight (BW):
e Fat Mass Percentage (FM%) = (FM / BW) x 100%
e Fat-Free Mass Percentage (FFM%) = (FFM / BW) x 100%
e Skeletal Muscle Mass Percentage (SMM%) = (SMM / BW) x 100%
Appendicular Skeletal Muscle Mass Percentage (ASM%) = (ASM / BW) x 100%

(2) Correction based on Height (Ht):
e Fat Mass Index (FMI) = FM / (Ht?)
e Fat-Free Mass Index (FFMI) = FFM / (Ht?)
e Skeletal Muscle Mass Index (SMMI) = SMM / (Ht?)
Appendicular Skeletal Muscle Mass Index (ASMI) = ASM / (Ht?)

(3) Correction based on Fat Mass (FM):
e Fat-Free Mass to Fat Mass Ratio (FFM/FM) = FFM / FM
e Skeletal Muscle Mass to Fat Mass Ratio (SMM/FM) = SMM / FM
Appendicular Skeletal Muscle Mass to Fat Mass Ratio (ASM/FM) = ASM / FM

The criteria for diagnosing sarcopenia involved the percentage of ASM relative to body weight (ASM%) falling
below the mean value of a reference group of healthy young adults (aged 18—40 years) by more than one standard
deviation (SD), following the guidelines suggested by Lim et al.>* Data from 156 healthy adult females and 81 healthy
adult males were analyzed to establish sarcopenia thresholds: ASM% less than 30.06% for males and less than 25.42%
for females were indicative of sarcopenia. Based on this, the participants were categorized into a sarcopenia group (n =
268) and a non-sarcopenia group (n = 448).

Cardiovascular Disease Risk Assessment
We used the China-PAR model for evaluating the ASCVD risk among participants.”® The China-PAR model is
a comprehensive risk assessment framework that incorporates various factors such as age, gender, geographic location
within China (Southern or Northern), waist circumference, HDL-C, total cholesterol (TC), blood pressure, antihyperten-
sive medication usage, smoking status, diabetes history, and family history of cardiovascular and cerebrovascular
diseases. This model facilitates the estimation of an individual’s 10-year ASCVD risk.

A computational tool based on the China-PAR model was applied to determine the cardiovascular disease (CVD) risk of
study participants. Subsequently, participants were categorized into two primary risk groups:** those with a low-to-moderate risk
(risk value less than 10%, n = 223) and those within the high-risk category (risk value greater than or equal to 10%, n = 493).

Statistical Analysis

Statistical analysis was conducted using SPSS software version 26.0. Continuous variables were analyzed using
appropriate descriptive methods based on their distribution. Data adhering to a normal distribution were summarized
as mean + standard deviation (X£SD), while skewed continuous data were presented through the median and inter-
quartile range (M(P25,P75)). Frequencies (percentages) (n%) were used to describe categorical data.

For continuous data with a normal distribution, inter-group comparisons were made using Student’s #-test. The non-
parametric Mann—Whitney U-test was applied for between-group comparisons of non-normally distributed continuous
data. Chi-square test was utilized for comparing categorical data between groups.

Correlations between the 10-year ASCVD risk and variables such as age, diastolic blood pressure (DBP), systolic
blood pressure (SBP), duration of diabetes, laboratory examination indicators, and body composition parameters were
evaluated using Pearson correlation analyses. Logistic regression models were employed to compute odds ratios (ORs)
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and their 95% confidence intervals (Cls) for examining the impact of body composition on the risk of high ASCVD.

Statistical significance was determined by a two-tailed P-value of less than 0.05.

Results

General Characteristics of the Participants
A total of 716 patients with T2DM were identified as eligible for study analysis. Of these, 268 (37.43%) were diagnosed

with sarcopenia, whereas 448 (62.57%) did not have sarcopenia. Comparative analysis was conducted between the

sarcopenia group and the non-sarcopenia group, with the latter serving as the control group (Table 1).

The results showed no statistically significant difference was observed between the two groups in terms of age
(P=0.877). The sarcopenia group had fewer males (43.66% vs 57.59%, P<0.001) and a shorter diabetes duration (4.0 vs
5.0 years, P=0.010) compared to controls. The rates of family history of diabetes, CVD, and SBP were comparable

(P>0.05). However, the sarcopenia group comprised patients with higher DBP (P=0.011).

Laboratory tests showed no significant differences in red blood cell count, hemoglobin, blood calcium, phosphorus,

fasting glucose, eGFR, BUN, glycated hemoglobin, microalbumin to creatinine ratio, total bile acid, albumin, bilirubins,

Table | General Characteristics of the Participants

Variables Nonsarcopenia (n=448) | Sarcopenia (n=268) | p
Age (years) 59.0(55.0,64.0) 59.0(54.0,65.0) 0.877
Male, n(%) 258(57.59%) 117(43.66%) <0.00 | *#*
Diabetic duration (year) 5.0(1.0,11.0) 4.0(1.0,9.0) 0.010%*
Family history of diabetes, n(%) | 250(55.80%) 143(53.36%) 0.525
Family history of ASCVD, n(%) | 28(6.25%) 18(6.72%) 0.805
SBP(mmHg) 130.0(120.0,140.0) 130.0(120.0,140.0) 0.239
DBP(mmHg) 80.0(72.0,82.0) 80.0(75.0,88.0) 0.01I*
Laboratory Examination
RBC(10'%1L) 4.51+0.50 4.55+0.49 0.211
HGB(g/L) 136.0(127.0,148.0) 137.0(128.0,147.0) 0.782
Ca(mmol/L) 2.26(2.2,2.3) 2.26(2.2,2.3) 0.740
P(mmol/L) 1.18(1.1,1.3) 1.20(1.1,1.3) 0.061
FBG(mmol/L) 8.245(6.6,10.5) 8.63(7.1,10.5) 0.129
Fasting Insulin (mU/L) 9.150(6.2,14.4) 12.16(8.2,17.0) <0.00 |+
Fasting C-peptide (ng/mL) 1.770(1.3,2.5) 2.34(1.7,3.1) <0.00 | ***
HOMA-IR 3.750(2.1,6.0) 4.58(3.0,7.1) <0.00 | ¥+
HbA I c(%) 8.70(7.4,10.9) 8.70(7.6,10.3) 0.980
BUN(mmol/L) 5.255(4.3,6.3) 5.03(4.2,6.1) 0.163
Cr(umol/L) 58.18(50.0,68.0) 56.00(46.0,64.8) 0.005**
UA(umol/L) 279.0(237.0,328.0) 290.5(243.4,342.0) 0.043*
eGFR(mL/min) 123.0(105.3,142.7) 119.5(104.1,136.4) 0.245
Urine microalbumin(mg/L) 8.0(3.7,23.9) 10.8(4.4,28.0) 0.037*
ACR (mg/mmol) 1.13(0.6,3.3) 1.41(0.7,4.2) 0.070
Total bile acid (umol/L) 4.7(3.1,7.6) 4.8(3.0,8.2) 0.254
Total protein (g/L) 65.04+5.69 66.015.21 0.020*
Serum albumin (g/L) 40.60(38.5,42.6) 40.61(38.6,43.0) 0.425
Total bilirubin (umol/L) 1.7 (8.5,15.4) 12.24(9.3,16.1) 0.076
Direct bilirubin (umol/L) 3.90(2.9,5.2) 4.04(3.0,5.5) 0.462
ALT(U/L) 18.40(13.0,26.6) 23.43(16.1,41.6) <0.00 | *#*
AST(U/L) 16.57(13.4,21.8) 20.11(15.2,28.8) <0.00 | *#*
TC(mmol/L) 4.90(4.2,5.6) 5.15(4.6,5.8) 0.00 | #**
(Continued)
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and HDL-C (all P>0.05). The sarcopenia group had elevated levels of fasting insulin (P<0.001), C-peptide (P<0.001),

Table | (Continued).

Variables Nonsarcopenia (n=448) | Sarcopenia (n=268) | p
TG(mmol/L) 1.45(1.1,2.3) 1.67(1.2,2.3) 0.006**
HDL-C(mmol/L) 1.18(1.0,1.3) 1.17(1.0,1.3) 0.838
LDL-C(mmol/L) 3.04(2.6,3.6) 3.20(2.7,3.7) 0.020%*
Body Composition

Height(cm) 169.0(162.0,174.9) 164.0(158.0,170.0) <0.00 | ***
Body weight(kg) 68.45(61.8,77.0) 75.95(68.8,85.9) <0.00 | ***
BMI(kg/m?) 24.33(22.7,26.2) 28.28(26.2,30.4) <0.00 | *+*
WC(cm) 88.80(83.0,94.2) 100.30(93.5,108.9) <0.00 | *+*
VFA(cm?) 85.46(72.7,100.1) 123.38(106.8,141.1) <0.001**
FM(kg) 18.15(14.9,21.5) 27.45(23.7,33.5) <0.00 | *#*
FM% 26.04(22.1,30.6) 36.84(33.0,40.4) <0.00 | *#*
FMI(kg/m?) 6.47(5.2,7.7) 10.33(8.8,12.1) <0.00 |k
ASM(kg) 21.29(17.4,24.2) 19.61(16.5,23.4) <0.00 | ***
ASM% 30.84(27.6,32.6) 24.95(23.9,28.5) <0.00 | *#*
ASMiI(kg/m?) 7.45(6.7,8.1) 7.28(6.6,8.1) 0.188
SMM(kg) 28.01(23.5,32.0) 26.21(22.3,30.9) 0.00 | #**
SMM% 40.91(37.4,43.0) 34.06(32.1,36.8) <0.00 | *#*
SMMI(kg/m?) 9.78(9.0,10.8) 9.70(8.9,10.7) 0.569
FFM(kg) 51.15(43.6,57.5) 48.00(41.3,55.5) <0.00 | *#*
FFM% 73.99(69.4,77.9) 63.17(59.6,67.0) <0.00 | *#*
FFMI(kg/m2) 17.89(16.6,19.4) 17.77(16.6,19.4) 0.939
ASM/FM 1.18(0.9,1.4) 0.67(0.6,0.9) <0.00 | ***
SMM/FM 1.58(1.2,1.9) 0.93(0.8,1.1) <0.00 | ***
FMM/FM 2.85(2.3,3.5) 1.72(1.5,2.0) <0.00 | ***
ASCVD risk(%) 12.05(8.4,17.2) 15.15(9.6,20.2) <0.00 | ***
ASCVD high risk, n(%) 295(65.85%) 198(73.88%) 0.025*

Notes: Data are presented as means * standard deviations or medians (interquartile ranges) for continuous data and

numbers (%) for categorical data. *p<0.05,**p<0.01, ***p<0.001.

Abbreviations: ASCVD, Atherosclerotic Cardiovascular Disease; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; RBC, Red blood cell; HGB, hemoglobin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
BUN, Blood Urea nitrogen; Cr, Creatinine; UA, Uric Acid; eGFR, estimated glomerular filtration rate; HbAlc,
hemoglobin Alc; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High density lipoprotein cholesterol; LDL-C, Low
density lipoprotein cholesterol; BMI, Body mass index; WC, Waist circumference; VFA, Visceral fat area; FM, Fat mass;

ASM, Appendicular skeletal muscle mass; SMM, Skeletal muscle mass; FFM, Fat free mass.

and HOMA-IR (P<0.001) compared to controls.

Renal function in the sarcopenia group showed lower SCr levels (P=0.005), higher UA (P=0.043), and microalbumin
levels (P=0.037) than controls. Liver function was marked by increased total protein (P=0.020), ALT (P<0.001), and

AST (P<0.001). The sarcopenia group also had higher TC (P=0.001), TG (P=0.006), and LDL-C (P=0.020) levels.

With respect to body composition parameters, corrected for height, there were no statistically significant differences
in lean body The sarcopenia group had significantly lower height and higher weight, BMI, waist circumference, and
visceral fat area compared to controls (all P<0.001). They also had higher fat mass (FM, FM%, FMI, all P<0.001) but
lower appendicular skeletal muscle (ASM, ASM%, P<0.001), skeletal muscle mass (SMM, SMM%, P<0.001), and lean
body mass (FFM, FFM%, P<0.001). When adjusted for body fat, body composition parameters (ASM/FM, SMM/FM,
FMM/FM) were lower in the sarcopenia group (all P<0.001). The sarcopenia group exhibited a higher ASCVD risk score

and a greater incidence of high ASCVD risk (P<0.001, P=0.025, respectively).

Baseline Characteristics According to the Presence of Sarcopenia and Gender

Gender Differences in Body Composition: Clinical Characteristics of Sarcopenic and Non-Sarcopenic T2DM Patients (Table 2).
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Table 2 Baseline Characteristics According to the Presence of Sarcopenia and Gender
Variables Male Female

Nonsarcopenia Sarcopenia (n=117) p Nonsarcopenia Sarcopenia p
(n=258) (n=190) (n=151)
Age (years) 58.0(55.0,63.0) 58.0(51.0,65.0) 0.120 60.387.27 60.7627.60 0.641
Diabetic duration (year) 5.0(1.0,12.0) 4.00(1.0,9.0) 0.046* 5.0(1.0,11.0) 3.0(1.0,9.0) 0.151
Family history of diabetes, n(%) | 146(56.59%) 70(59.83%) 0.556 104(54.74%) 73(48.34%) 0.24
Family history of ASCVD, n(%) | 17(6.59%) 8(6.84%) 0.929 11(5.79%) 10(6.62%) 0751
SBP(mmHg) 130.0(120.0,140.0) 130.00(120.00,140.00) 0.719 130.0(122.0,140.0) 131.0(121.0,140.0) 0.347
DBP(mmHg) 80.0(72.0,84.0) 80.00(76.50,89.50) 0.150 80.0(71.5,82.0) 80.0(74.0,86.0) 0.019*
Laboratory Examination
RBC(10'%1L) 4.70(4.43,4.99) 4.72(4.44,5.09) 0.280 423(4.0,4.5) 4.42(4.1,4.6) 0.002%*
HGB(g/L) 145.0(136.0,152.0) 147.00(138.0,155.5) 0.103 127.0(118.0,134.0) 131.0(124.0,137.0) 0.00 |#¥¥
Ca(mmol/L) 227(2.20,2.33) 2.25(2.20,2.33) 0.830 226(22,2.3) 227(22,2.3) 0.404
P(mmol/L) 1.15(1.03,1.25) 1.16(1.07,1.27) 0.266 1.22(1.1,1.4) 1.23(1.1,1.3) 0.745
FBG(mmol/L) 8.07(6.53,10.41) 8.88(7.33,11.02) 0.007+ | 8.38(6.7,10.8) 8.37(6.6,10.0) 0.805
Fasting Insulin (mU/L) 8.38(5.70,12.87) 11.38(7.36,16.99) 0.002#* 9.83(6.6,15.9) 13.11(8.5,17.0) 0.051
Fasting C-peptide (ng/mL) 1.79(1.32,2.44) 2.38(1.64,3.13) <0001 | 1.74(1.3,2.5) 2.30(1.8,3.1) <0.00 |+
HOMA-IR 3.39(1.97,5.14) 4.58(2.80,7.37) 0.00 | ##* 391(2.5,7.1) 4.69(3.0,6.7) 0.238
HbA I (%) 8.50(7.30,10.70) 8.80(7.70,10.40) 0521 9.0(74,11.1) 8.6(7.5,10.3) 0.504
BUN(mmol/L) 5.55(4.46,6.54) 5.25(4.25,6.33) 0.298 4.82(4.0,6.0) 479(4.2,5.9) 0.963
Cr(umol/L) 65.00(57.00,73.00) 64.00(58.00,70.50) 0.572 49.72(42.7,56.0) 48.00(42.0,56.0) 0.529
UA(umol/L) 290.0(248.0,332.9) 309.00(259.0,364.0) 0.020* 268.0(220.5,320.0) 276.64(235.0,327.0) 0.124
eGFR(mL/min) 119.68(104.09,134.13) 119.65(104.85,135.67) 0.879 128.33(107.9,149.8) 118.48(102.9,138.5) 0.025*
Urine microalbumin(mg/L) 7.85(3.90,23.05) 11.80(4.95,37.60) 0.046* 8.20(3.7,27.9) 10.50(4.1,24.3) 0.282
ACR(mg/mmol) 0.98(0.50,2.76) 1.29(0.55,4.17) 0.205 1.39(0.7,4.5) 1.67(0.8,4.3) 0.503
Total bile acid (umol/L) 4.60(2.85,7.45) 5.10(3.35,8.07) 0.115 5.0(03.3,7.7) 455(2.9,8.7) 0.998
Total protein (g/L) 64.65+5.48 66.64+5.49 0.00 | ##* 65.58+5.93 65.53+4.94 0.926
Serum albumin (g/L) 40.90(38.70,43.16) 41.10(39.50,43.67) 0.098 40.10(38.0,42.1) 40.10(38.1,42.3) 0.763
Total bilirubin (umol/L) 12.45(8.88,16.10) 14.00(11.04,17.75) 0.003%* 10.69(7.9,14.3) 11.10(8.4,14.1) 0.572
Direct bilirubin (umol/L) 4.40(3.20,5.50) 4.58(3.65,6.20) 0.078 3.60(2.7,4.5) 3.60(2.6,4.9) 0.649
ALT(U/L) 18.50(12.95,26.85) 26.30(18.10,40.90) <0.001*# | 18.33(13.1,26.4) 22.30(15.0,41.6) 0.0027%*
AST(U/L) 16.30(13.19,21.00) 20.10(16.00,28.29) <0.001*# | 17.00(13.6,23.3) 20.30(14.5,29.0) 0.003%*
TC(mmol/L) 4.75(4.08,5.46) 4.98(4.37,5.67) 0.066 5.04(4.4,5.7) 5.32(4.7,5.9) 0.050%
TG(mmol/L) 1.45(1.05,2.47) 1.78(1.27,2.47) 0.019* 1.45(1.1,2.1) 1.63(1.2,2.2) 0.085
HDL-C(mmol/L) 1.12(0.98,1.31) 1.08(0.94,1.27) 0.144 1.23(1.1,1.4) 1.20(1.1,1.4) 0.856
LDL-C(mmol/L) 2.97(2.54,3.44) 3.09(2.62,3.52) 0.179 3.20(2.7,3.7) 3.30(2.8,3.8) 0.250
Body Composition
Height(cm) 173.0(170.0,176.0) 170.0(166.0,174.5) 0.00 | 162.0(159.0,165.0) 160.0(156.0,163.0) <0.00 | ##*
Body weight(kg) 73.60(66.00,78.83) 82.00(73.85,90.25) <0.001%% | 62.60(57.2,70.4) 72.40(64.4,81.9) <0.00 %%
BMI(kg/m?) 24.41(22.86,26.34) 28.27(26.12,30.42) <0.001*% | 24.10(22.5,26.0) 28.43(26.4,30.5) <0.001%*
WC(cm) 89.80+7.88 103.48+10.61 <0.001*** | 86.85(81.4,91.6) 98.30(90.5,107.9) <0.00 | *#*
VFA(cm?) 82.52(68.83,96.84) 122.00(103.40,138.66) | <0.001** | 89.65(77.6,103.2) 125.06(108.1,143.6) | <0.001%*
FM(kg) 17.30(14.30,20.60) 26.80(22.70,30.70) <0.001*#* | 19.15(16.7,23.0) 28.60(24.8,34.0) <0.00 | ##*
FM% 23.63(20.97,26.17) 32.74(29.73,35.70) <0.001*#* | 31.42(27.0,34.4) 39.61(37.0,42.7) <0.00 | ##*
FMI(kg/m?) 5.71(4.83,6.86) 9.23(7.88,10.52) <0.001% | 7.50(6.2,8.7) 11.18(9.9,13.0) <0.00 |+
ASM(kg) 23.65(21.50,25.74) 23.47(21.02,25.75) 0.407 17.33(16.0,19.3) 17.43(15.3,19.2) 0314
ASM% 32.13(31.01,33.36) 28.67(27.06,29.39) <0.001** | 27.33(26.4,28.8) 24.14(22.9,24.8) 0.000%#*
ASMI(kg/m?) 791077 8.00+0.89 0.300 6.65(6.3,7.2) 6.83(6.2,7.3) 0361
SMM(kg) 31.0314.12 30.70+4.79 0.500 23.33(21.6,25.5) 23.35(20.9,25.7) 0.342
SMM% 42.41(40.92,43.91) 37.32(35.56,38.97) <0.001*#* | 37.14(35.4,39.7) 32.66(30.8,33.7) <0.00 | ##*
SMMI(kg/m?) 10.39+1.00 10.56+1.11 0.134 8.98(8.4,9.6) 9.23(8.5,9.8) 0.203
FFM(kg) 56.04£6.93 55.4318.01 0.454 43.30(40.4,47.3) 43.50(38.9,47.6) 0.326
FFM% 76.37(73.81,79.04) 67.30(64.30,70.28) <0.001*#* | 68.62(65.6,73.1) 60.41(57.3,63.0) <0.00 | *#*
FFMI(kg/mZ) 18.77+1.62 19.08+1.77 0.092 16.62(15.7,17.7) 17.07(15.9,18.1) 0.104
ASM/FM 1.36(1.17,1.61) 0.88(0.76,0.98) <0.001*** | 0.88(0.8,1.1) 0.61(0.5,0.7) <0.00 | *#*
(Continued)
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Table 2 (Continued).

Variables Male Female
Nonsarcopenia Sarcopenia (n=117) p Nonsarcopenia Sarcopenia P
(n=258) (n=190) (n=151)
SMM/FM 1.80(1.56,2.11) 1.14(0.99,1.31) <0.001*# | 1.18(1.0,1.5) 0.82(0.7,0.9) <0.00 | ¥
FMM/FM 3.23(2.82,3.77) 2.06(1.81,2.37) <0.001%% | 2.19(1.9,2.7) 1.53(1.3,1.7) <0.00|##*
ASCVD risk(%) 11.75(8.20,16.52) 13.40(8.65,18.10) 0.306 12.65(8.7,17.7) 16.40(10.6,23.2) <0.00 | ##*
ASCVD high risk, n(%) 169(65.50%) 79(67.52%) 0.702 126(66.32%) 119(78.81%) 0.011*

Notes: Data are presented as means + standard deviations or medians (interquartile ranges) for continuous data and numbers (%) for categorical data. *p<0.05,*p<0.01,
*#¥p<0.001.

Abbreviations: ASCVD, Atherosclerotic Cardiovascular Disease; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; RBC, Red blood cell; HGB, hemoglobin; ALT,
Alanine aminotransferase; AST, Aspartate aminotransferase; BUN, Blood Urea nitrogen; Cr, Creatinine; UA, Uric Acid; eGFR, estimated glomerular filtration rate; HbAlc,
hemoglobin Alc; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High density lipoprotein cholesterol; LDL-C, Low density lipoprotein cholesterol; BMI, Body mass index;
WC, Waist circumference; VFA, Visceral fat area; FM, Fat mass; ASM, Appendicular skeletal muscle mass; SMM, Skeletal muscle mass; FFM, Fat free mass.

Age, SBP, and the prevalence of a positive family history for CVD and diabetes showed no significant differences
between sarcopenia and non-sarcopenia groups across genders (P>0.05). In male participants, the duration of diabetes
was significantly shorter in those with sarcopenia (4.00 [1.0,9.0] vs 5.0 [1.0,12.0], P=0.046); however, this difference was
not observed in females. Among females, DBP was significantly higher in the sarcopenia group (80.0 [74.0,86.0] vs 80.0
[71.5,82.0], P=0.019), whereas no significant difference was found in males.

No significant differences were found in blood calcium, phosphorus, glycated hemoglobin, BUN, SCr, microalbumin
to creatinine ratio, total bile acid, albumin, direct bilirubin, HDL-C, and LDL-C between groups. The sarcopenia group
showed higher fasting C-peptide, ALT, and AST in both genders (C-peptide, Male: P<0.001; Female: P<0.001; ALT,
Male: P<0.001; Female: P=0.002; AST, Male: P<0.001; Female: P=0.003). Males with sarcopenia had higher fasting
insulin, blood glucose, HOMA-IR, UA, microalbumin, total protein, bilirubin, and TG (Glucose: P=0.007; Insulin:
P=0.002; HOMA-IR: P=0.001; UA: P=0.020; Microalbumin: P=0.046; Protein: P=0.001; Bilirubin: P=0.003; TG:
P=0.019), with no differences in females. Females with sarcopenia had higher RBC, hemoglobin, TC (RBC: P=0.002;
HGB: P=0.001; TC: P=0.050), and lower eGFR (P=0.025), with no significant changes in males.

Body composition analyses revealed no significant differences in ASM, SMM, and FFM between groups, adjusted or
not for height. The sarcopenia group had lower height but higher weight, BMI, waist circumference, and visceral fat area.
Fat mass indicators (FM, FM%, FMI) were consistently higher, while muscle-related measures (ASM%, SMM%, FMM%,
ASM/FM, SMM/FM, FMM/FM) were lower, adjusted for weight and fat.

ASCVD risk assessment showed higher risk in female T2DM patients with sarcopenia (16.40 vs 12.65, P<0.001) and
a greater prevalence of high ASCVD risk (78.81% vs 66.32%, P=0.011). In males with T2DM, the sarcopenia group had
a higher median ASCVD risk, though not statistically significant (13.40 vs 11.75, P=0.306).

Correlation Between Cardiovascular Disease Risk and Clinical Parameters

The analysis revealed significant positive correlations between the 10-year ASCVD risk and age (r=0.644, P<0.001),
duration of diabetes (r=0.130, P=0.001), SBP (r=0.531, P<0.001), and DBP (1=0.263, P<0.001). Additionally, positive
correlations were observed with fasting insulin (r=0.158, P<0.001), fasting C-peptide (r=0.122, P=0.005), HOMA-IR
(r=0.139, P=0.001), BUN (r=0.089, P=0.017), SCr (r=0.077, P=0.041), urine microalbumin (r=0.146, P<0.001), and
urine microalbumin-to-creatinine ratio (r=0.124, P=0.001). Negative correlations were found with red blood cell count
(r=—0.131, P<0.001), hemoglobin concentration (r=—0.123, P=0.001), and eGFR (r=—0.251, P<0.001). No significant
correlations were detected with blood calcium, blood phosphorus, fasting glucose, glycated hemoglobin, UA, total bile
acid, direct bilirubin, total bilirubin, albumin, total protein, ALT, AST, TC, TG, HDL-C, and LDL-C.

The analysis demonstrated significant correlations between the 10-year ASCVD risk and body composition parameters.
Positive correlations were found with BMI (=0.166, P<0.001), waist circumference (r=0.106, P=0.005), visceral fat area
(r=0.213, P<0.001), fat mass (FM: r=0.200, P<0.001), fat mass percentage (FM%: r=0.263, P<0.001), and fat mass index
(FMI: r=0.247, P<0.001). Conversely, a negative correlation was identified with height (=—0.173, P<0.001), and similarly
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negative correlations were observed with muscle parameters, both height-corrected and uncorrected (ASM: r=—0.127,
P=0.001; ASM%: =—0.249, P<0.001; ASMI: =—0.080, P=0.032; SMM: r=—0.151, P<0.001; SMM%: r=—0.285, P<0.001;
SMMI: =—0.105, P=0.005; FFM: =—0.136, P<0.001; FFM%: =—0.263, P<0.001; ASM/FM: r=—0.224, P<0.001; SMM/FM:
r=0.231, P<0.001; FMM/FM: r=—0.225, P<0.001). There was no significant correlation with weight and height-corrected fat-
free mass (FFMI).

After stratifying by gender, the analysis maintained significant correlations between the 10-year ASCVD risk and age,
diabetes duration, SBP, DBP, fasting insulin, SCr, and eGFR in both males and females. No significant correlation with red blood
cell count and hemoglobin concentration was found post-gender stratification. In male T2DM patients, fasting C-peptide and
BUN showed no significant correlation with 10-year ASCVD risk. Similarly, in female T2DM patients, HOMA-IR, urine
microalbumin, and the urine microalbumin-to-creatinine ratio were not significantly correlated with 10-year ASCVD risk.

Regarding body composition, after gender stratification, no significant correlation was found between four-limb
skeletal muscle mass (ASM, ASMI) and 10-year ASCVD risk. In males with T2DM, BMI, height, waist circumference,
visceral fat area, and both height-corrected and uncorrected fat mass (FM, FMI) showed no significant correlation with
10-year ASCVD risk. In females with T2DM, no significant correlation was observed with skeletal muscle mass (SMM,
SMMI) and uncorrected FFM. However, correlations between body composition parameters adjusted for weight and fat
(FM%, ASM%, SMM%, FFM%, ASM/FM, SMM/FM, FMM/FM) and the 10-year ASCVD risk remained significant
post-gender stratification (Table 3).

Table 3 Correlation Between Cardiovascular Disease Risk and Clinical Parameters

Variables ASCVD Risk
Total Male Female
r P r p r P
Age 0.644 <0.001*** | 0.618 <0.001*%* | 0.664 <0.00 | ##*
Diabetic duration 0.130 0.00 | *** 0.107 | 0.038* 0.171 0.002%*
SBP 0.531 <0.001*** | 0.560 <0.001*** | 0.507 <0.00|#¥*
DBP 0.263 <0.001*** | 0.310 <0.001*¥* | 0.241 <0.00 | *##*
Laboratory Examination
RBC —0.131 | <0.001*#* | —0.055 | 0.292 —0.101 | 0.062
HGB —0.123 | 0.00]*** —0.075 | 0.150 —0.025 | 0.642
Ca 0.007 | 0.846 0.029 | 0.577 —0.009 | 0.862
P —0.027 | 0.467 —0.037 | 0.478 —0.084 | 0.124
FBG —0.046 | 0.217 —0.019 | 0.709 —0.063 | 0.242
Fasting Insulin 0.158 <0.001*** | 0.171 0.006** 0.136 0.028*
Fasting C-peptide 0.122 0.005%* 0.099 | O.111 0.136 0.027*
HOMA-IR 0.139 0.00 | #** 0.159 | 0.010%* 0.114 0.066
HbAlc —0.034 | 0.363 —0.040 | 0.436 —0.038 | 0.482
BUN 0.089 0.017* 0.079 | 0.127 0.156 0.004%*
Cr 0.077 | 0.041* 0.106 | 0.040% 0.260 <0.00 | #¥*
UA 0.038 0.313 0.064 | 0.218 0.054 0.317
eGFR —0.251 | <0.001*# | —0.284 | <0.001*** | —0.271 | <0.00|***
Urine microalbumin 0.146 <0.001*** | 0.231 <0.001*** | 0.073 0.179
ACR 0.124 0.00 | *** 0.262 <0.001*%* | 0.049 0.369
Total bile acid 0.009 0.8l16 —0.035 | 0.500 0.113 0.036*
Total protein 0.027 | 0.469 0.084 | 0.105 —0.033 | 0.549
Serum albumin —0.071 | 0.058 —0.025 | 0.635 —0.077 | 0.154
Total bilirubin —0.063 | 0.092 —0.086 | 0.096 0.045 0.407
Direct bilirubin —0.051 | 0.173 —0.071 | 0.172 0.074 0.172
ALT —0.005 | 0.896 —0.104 | 0.045* 0.093 0.087
(Continued)
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Table 3 (Continued).

Variables ASCVD Risk

Total Male Female

r p r ) r P
AST 0.034 0.367 —0.048 | 0.353 0.114 0.035*
TC 0.043 0.246 0.081 0.116 —0.030 | 0.585
TG 0.015 0.686 0.074 0.153 —0.060 | 0.267
HDL-C —0.043 | 0.245 —0.100 | 0.054 —0.035 | 0.524
LDL-C 0.048 0.202 0.084 0.106 —0.027 | 0.620
Body Composition
Height —0.173 | <0.001*** | —0.087 | 0.093 -0.113 | 0.037*
Body weight 0.029 0.439 —0.036 | 0.486 0.187 0.00 | ##*
BMI 0.166 <0.001*** | 0.005 0.931 0.273 <0.00 I#**
wC 0.106 0.005%* 0.008 0.884 0.211 <0.00 I#**
VFA 0.213 <0.001*** | 0.096 0.063 0.279 <0.00 | *#**
FM 0.200 <0.001*** | 0.057 0.271 0.258 <0.00 | *#**
FM% 0.263 <0.001*+* | 0.137 0.008** 0.286 <0.00 #**
FMI 0.247 <0.001*** | 0.083 0.110 0.292 <0.00 | *#**
ASM —0.127 | 0.00[#** —0.091 | 0.078 0.015 0.784
ASM% —0.249 | <0.001** | —0.123 | 0.017* —0.274 | <0.00[***
ASMI —0.080 | 0.032* —0.088 | 0.088 0.089 0.102
SMM —0.151 | <0.001*# | —0.136 | 0.009** —0.001 | 0.98I
SMM% —0.285 | <0.001*# | —0.183 | <0.001*** | —0.302 | <0.00|***
SMMI —0.105 | 0.005%** —0.139 | 0.007** 0.074 0.171
FFM —0.136 | <0.001*% | —0.114 | 0.027* 0.017 0.752
FFM% —0.263 | <0.001** | —0.137 | 0.008** —0.286 | <0.00[***
FFMI —0.070 | 0.061 —0.107 | 0.039* 0.113 0.037
ASM/FM —0.224 | <0.001*%* | —0.144 | 0.005** —0.240 | <0.00[***
SMM/FM —0.231 | <0.001*# | —0.152 | 0.003** —0.250 | <0.00[***
FMM/FM —0.225 | <0.001** | —0.144 | 0.005** —0.245 | <0.00[***

Notes: *p<0.05, **p<0.01, ***p<0.001.

Abbreviations: ASCVD, Atherosclerotic Cardiovascular Disease; SBP, Systolic blood pressure; DBP, Diastolic
blood pressure; RBC, Red blood cell; HGB, hemoglobin; ALT, Alanine aminotransferase; AST, Aspartate
aminotransferase; BUN, Blood Urea nitrogen; Cr, Creatinine; UA, Uric Acid; eGFR, estimated glomerular
filtration rate; HbA I c, hemoglobin Alc; TC, Total Cholesterol; TG, Triglyceride; HDL-C, High density lipopro-
tein cholesterol; LDL-C, Low density lipoprotein cholesterol; BMI, Body mass index; WC, Waist circumference;
VFA, Visceral fat area; FM, Fat mass; ASM, Appendicular skeletal muscle mass; SMM, Skeletal muscle mass; FFM,

Fat free mass.

Logistic Regression Analysis of Body Composition Parameters and High ASCVD Risk
In single-factor logistic regression, BMI (OR, 1.047; P=0.043), visceral fat area (OR, 1.010; P<0.001), and adjusted FM
[FM (OR, 1.032; P=0.004); FM% (OR, 1.045; P<0.001); FMI (OR, 1.107; P=0.001)] were ASCVD risk factors. Adjusted
muscle mass [ASM% (OR, 0.928; P=0.001); SMM (OR, 0.964; P=0.014); SMM% (OR, 0.921; P<0.001); SMMI (OR,
0.861; P=0.027); FFM (OR, 0.981; P=0.033); FFM% (OR, 0.957; P<0.001)] and muscle-to-fat ratios [ASM/FM (OR,
0.628; P=0.004); SMM/FM (OR, 0.680; P=0.002); FMM/FM (OR, 0.814; P=0.003)] were protective.

In the adjusted multi-factor logistic regression analysis, BMI, visceral fat area, FM (including FM, FM%, FMI), and
waist circumference (OR, 1.048; P<0.001) were confirmed as ASCVD risk factors. Conversely, muscle-related measures
(ASM%, SMM%, FFM%, ASM/FM, SMM/FM, FMM/FM) continued to be protective against ASCVD risk.

Even after adjusting for SBP, fasting insulin, and eGFR, the findings remained consistent with the initial model,

indicating robust associations (Table 4).
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Table 4 Logistic Regression Analysis of Body Composition Parameters and High ASCVD Risk

Variables | Unadjusted Model | Model 2

OR 95% CI p OR 95% ClI p OR 95% CI p
BMI 1.047 | 1.001~1.095 | 0.043* 1.164 | 1.096~1.236 | <0.001* | 1.206 | 1.106~1.316 | <0.00|***
WwC 1.013 | 0.999~1.028 | 0.070 1.048 | 1.028~1.068 | <0.001*** | ].055 | 1.026~1.084 | <0.00|***
VFA 1.010 | 1.005~1.016 | <0.001** | [.020 | 1.012~1.027 | <0.001*** | 1.024 | 1.014~1.035 | <0.00[***
FM 1.032 | 1.010~1.055 | 0.004*+* 1.078 | 1.047~1.109 | <0.001*** | ].103 | 1.057~1.15] | <0.00|***
FM% 1.045 | 1.023~1.067 | <0.001** | [.093 | 1.059~1.129 | <0.001*** | 1.129 | 1.077~1.183 | <0.00|***
FMI 1.107 | 1.045~1.172 | 0.00]*** 1.257 | 1.159~1.364 | <0.001*** | ].358 | 1.202~1.534 | <0.00|***
ASM 0.969 | 0.935~1.004 | 0.082 1.022 | 0.963~1.085 | 0.465 1.014 | 0.932~1.104 | 0.747
ASM% 0.928 | 0.889~0.970 | 0.00|*¥+* 0.832 | 0.774~0.895 | <0.001*% | 0.779 | 0.699~0.867 | <0.00|***
ASMI 0.904 | 0.771~1.060 | 0.214 1.251 | 0.974~1.607 | 0.079 1.245 | 0.874~1.774 | 0.225
SMM 0.964 | 0.935~0.993 | 0.014* 1.013 | 0.965~1.063 | 0.610 1.000 | 0.934~1.071 | 0.995
SMM% 0.921 | 0.888~0.955 | <0.001*** | 0.854 | 0.807~0.905 | <0.001*% | 0.811 | 0.747~0.881 | <0.00[***
SMMI 0.861 | 0.754~0.983 | 0.027* 1.157 | 0.950~1.409 | 0.147 I.110 | 0.843~1.460 | 0.458
FFM 0.981 | 0.964~0.998 | 0.033* 1.010 | 0.981~1.039 | 0.517 1.002 | 0.962~1.044 | 0915
FFM% 0.957 | 0.937~0.978 | <0.001*% | 0.915 | 0.886~0.944 | <0.001*** | 0.886 | 0.845~0.929 | <0.00|***
FFMI 0.933 | 0.857~1.014 | 0.104 I.116 | 0.988~1.261 | 0.078 1.088 | 0.918~1.290 | 0.330
ASM/FM 0.628 | 0.457~0.862 | 0.004** 0431 | 0.274~0.679 | <0.001*** | 0.411 | 0.224~0.755 | 0.004**
SMM/FM 0.680 | 0.532~0.870 | 0.002** 0.525 | 0.371~0.744 | <0.001*** | 0.506 | 0.318~0.805 | 0.004**
FMM/FM 0.814 | 0.711~0.933 | 0.003** 0.701 | 0.580~0.848 | <0.001*** | 0.683 | 0.531~0.880 | 0.003**

Notes: Model | adjusted for age, gender and diabetic duration. Model 2 further adjusted for systolic blood pressure, fasting Insulin, estimated
glomerular filtration rate. *p<0.05, **p<0.01, ***p<0.001.

Abbreviations: BMI, Body mass index; WC, Waist circumference; VFA, Visceral fat area; FM, Fat mass; ASM, Appendicular skeletal muscle mass;
SMM, Skeletal muscle mass; FFM, Fat free mass; OR, odds ratio; 95% Cl, 95%confidence interval.

Discussion

Sarcopenia, an increasingly recognized complex condition, is characterized by a continuous reduction in SMM, strength, and
function. While sarcopenia is most prominent in older individuals, it has garnered widespread research interest within the context
of various chronic diseases, particularly in patients with T2DM.**2° Sarcopenia has been identified as a chronic complication of
diabetes, and its significant association with adverse health outcomes, including declining kidney function, sleep disorders,
peripheral neuropathy, and all-cause mortality risk, has sparked extensive research interest.”> CVD stands as a leading cause of
death in diabetic patients, and sarcopenia is closely linked to the risk of CVD.?” Low muscle mass has been reported to be
associated with coronary artery calcification and as an independent risk factor for coronary artery disease.”® Furthermore, a study
discovered that sarcopenia is linked to increased arterial stiffness in middle-aged and elderly men.”® These research findings imply
that sarcopenia may play a crucial role in the close association between diabetes and CVD, serving as a significant link between the
two conditions.

Herein, our present study contributes to existing literature by highlighting the significance of sarcopenia as an independent risk
factor for ASCVD in patients with T2DM. It extends previous findings by using the China-PAR model, a risk prediction model
tailored for the Chinese population, which takes into account regional factors and population characteristics. This model
emphasizes the unique impact of sarcopenia on cardiovascular risk in Chinese T2DM patients. The study’s findings underscore
the need for incorporating sarcopenia assessment in the routine evaluation of cardiovascular risk in T2DM patients, which could
potentially modify clinical practice by prompting earlier interventions to manage sarcopenia and mitigate its impact on ASCVD
risk.

Specifically, our results indicate that individuals with coexisting sarcopenia in T2DM face a notably higher 10-year ASCVD
risk, with a higher incidence rate of ASCVD high risk. This difference remains significant in female T2DM patients, while in
males, the median ASCVD risk in the sarcopenia group is slightly higher than that in the non-sarcopenia group, although no
statistically significant difference is found between the two. The study results indicate that sarcopenia is associated with an
increased 10-year ASCVD risk in T2DM patients, and the decline in muscle mass can independently predict an elevated risk of
CVD. This finding underscores the significance of sarcopenia in T2DM patients, serving not only as an indicator of ASCVD risk
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but also potentially as an independent risk factor. This research outcome aligns with previous academic studies. PARK et al*°
found a significant positive correlation between CVD incidence and sarcopenia in males after considering multiple parameters
associated with CVD. They also observed a strong positive correlation between sarcopenia and stroke, as well as a moderate

correlation between sarcopenia and angina. Another study conducted by ZENG et al’!

in 2022 confirmed the independent
correlation between sarcopenia and increased CVD risk in diabetic patients. The study also emphasized the significant
association between anemia, sarcopenia, and 10-year CVD risk in T2DM patients.

Recent studies have turned their attention to body composition, particularly the potential impact of fat distribution on CVD
risk.>” In the elderly population, there appears to be some inconsistency in the relationship between mortality rate and BMI.*
This phenomenon may be related to the reduction in SMM and increase in fat content in the elderly. Even in relatively young
populations, BMI may still fall within the normal range, but sarcopenic obesity tends to occur in the elderly. This implies an
association between decreased SMM, elevated fat content, and the increased incidence of related metabolic diseases, including
CVD. Our study also confirmed a negative correlation between ASCVD risk and body muscle parameters, and a positive
correlation with parameters related to fat content. Height- and weight-adjusted fat mass (FM, FM%, FMI) were identified as risk
factors for ASCVD high risk, while body muscle parameters adjusted for weight and fat (ASM%, SMM%, FFM%, ASM/FM,
SMM/FM, FMM/FM) were identified as protective factors for ASCVD high risk.

Currently, the mechanisms underlying the relationship between sarcopenia and CVD remain unknown. However,
patients with muscle loss often exhibit a high amount of visceral fat or abnormal fat distribution.** The Framingham
Heart Study suggests that excess visceral fat is a predictive factor for CVD, due to its impact on heart metabolism
through the secretion of adipocyte-derived factors and other vasoactive substances.’® Additionally, Lim et al propose that
sarcopenia is involved in the occurrence and development of CVD through mechanisms such as insulin resistance,
oxidative stress, mitochondrial dysfunction, and inflammatory factors.'® Bellanti et al identified markers of increased
oxidative stress cycle in sarcopenia, which are associated with CVD risk in sarcopenic obesity.

Muscles are considered a significant endocrine organ, capable of secreting various biologically active molecules, known as
myokines. These include IL-6, IL-15, IL-8, among others, which have protective effects on the cardiovascular system. These
molecular factors contribute to reducing adverse cardiac remodeling and maintaining normal cardiovascular function. Therefore,
sarcopenia may raise the occurrence of CVD via affecting the production and release of these molecular factors. The interaction
between chronic inflammation and oxidative stress in sarcopenia and chronic heart failure is complex and multi-layered. They
can affect both muscles and the heart through multiple mechanisms, leading to impaired function and structural changes.37

In comparison to previous studies, our research employs the China-PAR risk prediction model®® to assess ASCVD
risk. This model is specifically designed for the Chinese mainland population, providing more accurate risk assessment
due to its consideration of regional differences and population characteristics. This further underscores the importance of
sarcopenia in T2DM patients in China and its impact on the risk of CVD.

Our study has the following limitations: First, the cross-sectional design only permits the observation of associations between
sarcopenia and 10-year ASCVD risk scores without establishing causality. This design inherently lacks the ability to track
temporal changes, thereby precluding definitive conclusions about sarcopenia causing increased CVD risk. Second, the
recruitment of hospitalized patients introduces potential selection bias, limiting the study’s external validity and generalizability
to the broader T2DM population. The absence of participants from community settings or outpatient clinics might skew the
representativeness of our findings. Third, the reliance on self-reported histories to exclude cardiovascular diseases, without
verification through imaging tests such as coronary angiography or brain MRI, raises the possibility of including participants with
undiagnosed CVD, thereby compromising the accuracy of CVD risk assessment. Third, the omission of data on grip strength and
gait speed—key sarcopenia indicators—restricts our ability to fully evaluate muscle health. Fourth, while our study did use
arecognized method to diagnose sarcopenia based on ASM%, following the guidelines by Lim et al, we acknowledge the AWGS
2019 criteria for “severe sarcopenia” which includes assessments of muscle mass, strength, and physical performance.

In future research, efforts should be made to address these limitations and employ more rigorous methods to explore
the causal relationship between sarcopenia and ASCVD risk. This may include adopting a longitudinal study design,
recruiting a more representative sample of participants, conducting more comprehensive clinical assessments, including

imaging examinations and muscle function tests, and considering other potential confounding factors. Through these
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improvements, we can gain a deeper understanding of the relationship between sarcopenia and CVD, providing more
reliable scientific evidence for prevention and treatment.

In summary, sarcopenia, as a disease closely associated with CVD in T2DM patients, has attracted widespread attention in
the current research landscape. The findings of this study further support the significance of sarcopenia in T2DM patients and
its contribution to ASCVD risk. The exploration of underlying mechanisms reveals interactions between various factors,
including nutritional deficiencies, cell apoptosis, oxidative stress, mitochondrial dysfunction, and chronic inflammation,
which may lead to cardiac dysfunction and adverse cardiac remodeling. Additionally, muscles have the capacity to secrete
various cardioprotective factors, which is crucial for maintaining normal cardiovascular function. Future research efforts will
help us gain a more comprehensive understanding of the relationship between sarcopenia and CVD in T2DM patients, as well
as a detailed explanation of the relevant mechanisms. These research outcomes are expected to provide more effective
strategies and interventions for the prevention and management of CVD in T2DM patients. Therefore, in-depth research on the
association between sarcopenia and CVD will have a positive impact on improving the health status of T2DM patients.
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will give written informed consent to participate in the study.
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