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Purpose: The Sarcopenia Index (SI), derived from the serum creatinine to cystatin C ratio, is a potential biomarker for cardiovascular
disease (CVD). However, its prognostic significance for incident CVD in aging Chinese populations remains insufficiently character-
ized, despite established links between sarcopenia and CVD progression.

Patients and Methods: This prospective cohort study utilized data from the China Health and Retirement Longitudinal Study
(CHARLS). A total of 4979 participants aged > 45 years without prevalent CVD at baseline were included (mean age 58.0 years).
Participants were categorized into Sarcopenia Index (SI) tertiles as follows: Q1 (SI < 71.10), Q2 (71.10 < SI < 84.75), and Q3 (SI >
84.75). Incident CVD events were assessed over a 9-year follow-up period. Multivariable Cox proportional hazards models, adjusted
for demographic factors, comorbidities, and lipid profiles, were employed to evaluate associations. Restricted cubic spline (RCS)
analysis was used to evaluate the dose-response relationship between SI and CVD risk.

Results: In the total population, the cumulative incidence of CVD was 23.5%. The lowest SI tertile (Q1) exhibited the highest
cumulative CVD incidence (27.0%), compared to Q2 (23.2%) and Q3 (20.4%). After multivariable adjustment, individuals in Q1
showed a significantly increased risk of CVD compared to those in Q3 (HR: 1.249, 95% CI: 1.054, 1.478, P=0.010). RCS analysis
confirmed a non-linear inverse association between SI and CVD risk (P for non-linearity = 0.003). Significant associations were
particularly pronounced in males, current smokers, non-drinkers, urban residents, individuals with body mass index (BMI) >28 kg/m?,
and participants without hypertension or diabetes (all P < 0.05).

Conclusion: Reduced SI independently predicts elevated CVD risk in aging adults, underscoring its potential as an accessible, cost-
effective screening biomarker. Integration of SI into routine clinical assessments may enhance early risk stratification and guide
targeted preventive strategies, particularly for high-risk subgroups.
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Introduction

Cardiovascular disease (CVD) continues to be the leading cause of morbidity and mortality worldwide, exerting an
increasing burden in China, particularly with the growth of the elderly population.! Addressing this challenge, research
increasingly emphasizes the pivotal role of sarcopenia in CVD development and progression, highlighting a reciprocal,
causative relationship that accelerates both muscle deterioration and cardiovascular decline. Sarcopenia is notably
prevalent in geriatric populations, where it has been associated with elevated risks of heart failure, atrial fibrillation,
and atherosclerosis.” ® Emerging evidence suggests these associations stem from interconnected mechanisms, including
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endothelial dysfunction, oxidative stress, chronic low-grade inflammation, mitochondrial impairments in skeletal mus-
cles, and disrupted insulin signaling.>’~’

In clinical practice, sarcopenia diagnosis typically involves functional assessments, such as handgrip strength, chair-
stand tests, gait speed, and 6-minute walk tests,'® or imaging techniques, such as Magnetic Resonance Imaging (MRI),
Computed Tomography (CT), Dual energy X-ray absorptiometry (DXA), to measure muscle mass.'' However, these
advanced tools often pose practical and economic challenges, driving interest in novel, cost-effective biomarkers. The
Sarcopenia Index (SI) represents one such option, calculated by dividing serum creatinine (mg/dL) by serum cystatin
C (mg/dL) and multiplying by 100.'* While the SI has gained traction for sarcopenia screening, its potential to predict
long-term cardiovascular outcomes in community settings remains underexplored, particularly among middle-aged and
older Chinese adults.

To address this gap, the China Health and Retirement Longitudinal Study (CHARLS), a nationally representative
cohort, has been utilized to examine whether the SI can effectively predict cardiovascular events within this population.
Insights from CHARLS may contribute to developing practical, scalable strategies for early detection and intervention,
ultimately alleviating the significant CVD burden in aging societies.

Methods

Study Population and Design
CHARLS is a nationally representative cohort aimed at investigating the health and aging of adults in China (http:/
charls.pku.edu.cn/). The baseline survey conducted in 2011 (Wave 1) utilized a multistage stratified probability-

proportional-to-size sampling method, enrolling 25,873 individuals from 10,257 households across 150 counties/districts
and 450 communities nationwide. This cohort has been followed biennially, with subsequent waves in 2013, 2015, 2018,
and 2020. Comprehensive methodologies for sampling, anthropometry, and blood biomarker collection have been
described previously."

All participants provided written informed consent, and the study adhered to the Declaration of Helsinki, receiving
approval from the Peking University Institutional Review Board (IRB00001052-11015). Standardized face-to-face
questionnaires were administered by trained interviewers during each wave to collect sociodemographic information,
medical histories, health behaviors, cognitive function, and depressive symptoms.'*

For the current analysis, inclusion criteria required participants to be free of CVD at baseline (2011-2012), after
excluding those with missing serum creatinine or cystatin C measurements, those without continuous cardiovascular
follow-up, there were 5040 eligible participants. Participants who lacked baseline information (eg, age, smoking and
alcohol consumption) were also excluded, the final analytical sample comprised 4979 individuals. Figure 1 outlines the
inclusion and exclusion steps in detail.

Data Collection

Data collection in this cardiovascular clinical study was structured to capture a comprehensive range of baseline
information, including demographic, anthropometric, biochemical, and clinical variables."'>'® Demographic data
encompassed gender, age, place of residence (urban or rural), and educational background (illiteracy, primary school,
junior high school, or high school or above). Anthropometric parameters emphasized body mass index (BMI), categor-
izing participants as normal weight (BMI < 24), overweight (BMI 24-27.9) or obese (BMI > 28).

Biochemical evaluations included fasting blood glucose, glycated hemoglobin (HbAlc), total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C).
Serum creatinine and cystatin C levels were used to calculate the sarcopenia index (SI) with the formula: SI = (serum
creatinine (mg/dL) / cystatin C (mg/dL)) % 100. The triglyceride-glucose index (TyG), an indicator of insulin resistance,
was determined as In [TG (mg/dL) x fasting plasma glucose (mg/dL) / 2].*"""

Clinical data included self-reported histories of hypertension, diabetes, cancer, and kidney diseases. Information on

smoking status and alcohol consumption were classified as “never”, “past” or “current”. All data were collected using
standardized questionnaires and validated laboratory protocols, ensuring the consistency and reliability essential for
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15075 individuals did not have cardiovascular disease
in the first survey

Individuals were excluded for the following reasons:
(i) implete data on Creatinine (n=5101)
| (i) implete data on Cystatin C (n=2427)
(i) Without Cardiovascular disease follow-up records (n=2507)

5040 individuals With Cardiovascular disease
follow-up records

Individuals were excluded for the following reasons:
The baseline information of hypertension, diabetes,
smoken history, and driunk history is missing (n=61)

4979 individuals included in the final analysis 1

Figure | Flowchart of study participants.

robust cardiovascular research. Renal insufficiency is defined as eGFR less than or equal to 60 mL/min/1.73m?, while
eGFR is calculated by CKD-EPI, according to serum creatinine, age and gender of the participants.

Outcome

The outcome of this study was the incidence of CVD based on previous study, including heart attack, coronary heart
disease, angina and congestive heart failure during the follow-up period.'"®'® Information on CVD diagnoses was
gathered through standardized questions administered during the CHARLS surveys. Participants were asked: “Have
you been diagnosed with heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems by
a doctor?” and “Are you currently receiving any of the following treatments (eg, taking Chinese medicine, taking
Western medicine, other treatments, or any combination of the above) for heart disease or its complications?” These
questions aimed to capture both self-reported diagnoses and ongoing treatment regimens related to CVD.

To ensure data accuracy and reliability, outcome events were assessed by rigorously trained interviewers using
standardized questionnaires. All data collection processes adhered to strict quality assurance protocols, including
systematic recording and inspection procedures, to minimize errors and enhance the validity of the findings. This
approach ensured the consistency and reliability of the outcome data throughout the study period.

Statistical Analysis
This study examined the relationship between the SI and CVD risk. The study population was divided into SI tertiles: Q1
(SI<71.10), Q2 (71.10 < SI < 84.75), and Q3 (SI > 84.75).

Data normality was evaluated using the Shapiro—Wilk test and histogram visualization. Continuous variables with
normal distribution are presented as mean =+ standard deviation, while non-normally distributed variables are shown as
median (interquartile range). All continuous variables in our study are non-normal distributed, so all the continuous
variables are shown as median (interquartile range). Categorical variables are expressed as frequencies and percentages
(n (%)). Group comparisons across SI tertiles were conducted using one-way ANOVA for normally distributed data, the
Kruskal-Wallis test for non-normally distributed data, and the chi-square test for categorical variables.

The association between SI and CVD incidence was analyzed using univariate and multivariate logistic regression,
with odds ratios (ORs) and 95% confidence intervals (Cls) reported. The multivariate model adjusted for age, gender,
BMI, smoking and alcohol consumption, education, hypertension, diabetes, and LDL-C level. A restricted cubic spline
model (four knots) was applied to explore potential non-linear relationships.
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Univariate Cox regression was performed, followed by the inclusion of select variables (P < 0.05) into multivariate
Cox proportional hazards models to assess the independent effect of clinical factors on CVD risk.

Cumulative event incidence curve illustrated incidence of CVD across SI tertiles. Subgroup analyses, stratified by
age, gender, hypertension, diabetes, smoking consumption, alcohol consumption, residence, and obesity, along with
interaction tests, evaluated effect modification and the consistency of the SI-CVD association across diverse subgroups.

All statistical analyses, unless otherwise specified, were conducted using SPSS 25.0. A two-sided P-value < 0.05 was
considered statistically significant. The Restricted Cubic Spline (RCS) model was implemented using R language
version 4.4.2.

Results
Baseline Characteristics of Study Participants
The basic characteristics of study participants are summarized in Table 1. This study analyzed data from 4979 individuals

(Figure 1), with a mean age of 58 years and a slight female predominance (54.1%). The majority were non-hypertensive
(75.9%) and non-diabetic (94.6%), and nearly half (48.9%) had an illiteracy educational level. The mean BMI was

23.01 kg/m?, and the SI level was 77.76.

Table | Baseline Characteristics of Participants

Characteristics Total Ql Q2 Q3 P value
Numbers of participants 4979 1659 1666 1654

Gender (female, n, %) 2694 (54.1%) 1227 (74.0%) 936 (56.2%) 531 (32.10%) <0.001
Age, years 58 (52, 65) 61 (54, 69) 58 (52, 65) 56 (49, 62) <0.001
BMI, kg/m? 23.0 (20.7, 25.6) 22.6 (20.2, 25.4) 23.0 (20.7, 25.5) 235 (21.3, 25.9) <0.001
Residence(urban) 1579 (31.7%) 464 (28.0%) 519 (31.2%) 596 (36.0%) <0.001
Education level (n, %) <0.001
llliteracy 2430 (48.9%) 1005 (60.6%) 823 (49.4%) 602 (36.4%)

Primary school 1101 (22.1%) 333 (20.1%) 373 (22.4%) 395 (23.9%)

Junior high school 953 (19.2%) 212 (12.8%) 311 (18.7%) 430 (26.0%)

High school or above 489 (9.8%) 105 (6.3%) 157 (9.4%) 227 (13.7%)

Smoking consumption (n, %) <0.001
Never 3068 (61.6%) 1216 (73.3%) 1048 (62.9%) 804 (48.6%)

Past 445 (8.9%) 93 (5.6%) 138 (8.3%) 214 (12.9%)

Current 1466 (29.4%) 350 (21.1%) 480 (28.8%) 636 (38.5%)

Alcohol consumption (n, %) <0.001
Never 2927 (58.8%) 1182 (71.2%) 990 (59.5%) 755 (45.7%)

Past 394 (7.9%) 101 (6.1%) 144 (8.6%) 149 (9.0%)

Current 1658 (33.3%) 376 (22.7%) 532 (31.9%) 750 (45.3%)

Hypertension (n, %) 1150 (23.1%) 384 (23.1%) 379 (22.8%) 387 (23.4%) 0.864
Diabetes (n, %) 270 (5.4%) 72 (4.3%) 84 (5.0%) 114 (6.9%) 0.004
Renal insufficiency (n, %) 259 (5.2%) 76 (4.6%) 91 (5.5%) 92 (5.6%) 0.206
Cancer (n, %) 31 (0.6%) 10 (0.6%) 8 (0.5%) 13 (0.8%) 0.506
FBG, mg/dL 101.9 (94.1, 112.3) 100.4 (93.6, 109.8) 101.7 (94.1, 111.6) 104.0 (95.0, 115.6) <0.001
HbAIC, % 5.1 (4.9, 54) 5.1 (4.9, 54) 5.1 (4.9, 54) 5.1 (4.9, 5.5) 0.179
TC, mg/dL 191.0 (1674, 216.1) | 188.3 (165.1,214.6) | 189.1 (165.9,212.7) | 195.0 (172.0, 221.5) | <0.00I
TG, mg/dL 103.6 (74.3, 152.2) 99.12 (74.3, 136.3) 102.7 (71.7, 144.3) 113.3 (77.0, 184.1) <0.001
LDL-C, mg/dL 114.8 (93.9, 137.6) 114.4 (93.2, 137.6) 114.4 (93.2, 136.9) 115.6 (95.5, 138.4) 0.255
HDL-C, mg/dL 49.9 (40.6, 60.3) 51.8 (42.9, 62.2) 50.6 (41.4, 61.1) 47.6 (38.7, 58.0) <0.001
eGFR, mL/min/1.73m2 144.7 (130.3, 151.4) | 150.5 (143.9, 157.7) | 144.7 (131.0, 149.7) | 136.1 (120.0, 145.5) | <0.00I

Notes: QI:SI<71.10; Q2: 71.10 < SI < 84.75; Q3: SI > 84.75. Missing data: 609 for BMI, 6 for education level, 8 for cancer, | for FBG, 30 for HbAIC, 6 for LDL-C.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Participants were categorized into tertiles (Q1-Q3) based on SI levels. A clear trend was observed across Sl tertiles,
with individuals in higher SI groups exhibiting characteristics indicative of a less favorable metabolic profile.
Specifically, higher SI levels were significantly associated with younger age, urban residence, higher education level,
current smoking, and alcohol consumption (P < 0.05).

Additionally, participants in higher SI tertiles showed elevated levels of BMI, fasting blood glucose, total cholesterol,
triglycerides, and the TyG index. Conversely, HDL-C levels were significantly reduced in the higher SI groups.
Differences in diabetes distribution among groups were also observed.

These findings highlight a strong correlation between higher SI levels and a cluster of cardiometabolic risk factors.

Incidence of Cardiovascular Disease and S| Tertiles

This study examined the association between the SI and the incidence of CVD. Over a 9-year follow-up period, 1172
participants (23.5%) developed new-onset CVD. The distribution of CVD events across these tertiles was as follows: 337
participants in the highest SI group (Q3), and 448 and 387 participants in the other two groups, respectively (Figure 2A).
Cumulative event incidence curve (Figure 2B) demonstrated a progressive decrease in cumulative CVD incidence across
SI tertiles: 27.0% (Q1), 23.2% (Q2), and 20.4% (Q3). The Log rank test identified a statistically significant difference in
CVD incidence among the tertiles (P < 0.001), reinforcing the link between lower SI levels and elevated CVD risk.

Univariable and Multivariable Regression Analyses of S| and CVD Risk

Univariable analysis (Supplementary Figure 1) initially suggested that lower SI levels were associated with a higher risk
of CVD (HR, 95% CI: 1.385, 1.202-1.595 for Q1, P < 0.001; HR, 95% CI: 1.158, 1.001-1.340 for Q2, P = 0.049).
However, significant differences (P < 0.05) in the distribution of established CVD risk factors (age, gender, hypertension,

diabetes, smoking and alcohol consumption, BMI, LDL-C, and education) were observed among the SI tertiles, high-
lighting the need for multivariable adjustment.

After adjusting for these above confounding factors (age, gender, residence, hypertension, diabetes, smoking
consumption, alcohol consumption, BMI, LDL-C and education) in a multivariable model (Figure 3), the relationship
between SI and CVD risk was clarified. Lower SI levels remained a significant risk factor for CVD (HR, 95% CI: 1.249,
1.054-1.478 for Q1, P = 0.010). This adjusted analysis, along with the identification of other significant risk factors,
provides a more accurate assessment of the independent contribution of SI to the CVD risk.

Logistic regression models showed a similar pattern (Table 2). And in the fully adjusted model, which accounted for
age, gender, hypertension, diabetes, smoking consumption, alcohol consumption, BMI, LDL-C, and education, the risk of
CVD occurrence for individuals in Q1 was higher (OR: 1.256, 95% CI: 1.032-1.530, P < 0.05) compared with Q3.

A - BO.3 SI Q1 — Q2 «— Q3
1500 CvD
[t p < 0.0001
Non-CVD
A -
= § 0.2
2 1000 @
2 2
:
[} S 0.1
€ 500 o
=]
-4
0 0.0
a1 Q2 Q3 0 1 2 3 4 5 6 7 8 9

time

Figure 2 Incidence of cardiovascular disease in 2020 and the cumulative event incidence curve of new-onset CVD based on Sl levels. QI: SI < 71.10; Q2: 71.10 < S| < 84.75;
Q3: SI > 84.75. (A). The blue column indicates the individuals without cardiovascular diseases in 2020; The red column indicates the individuals with cardiovascular diseases
in 2020. (B). Kaplan-Meier survival analysis demonstrated significant difference in CVD incidence among the tertiles.
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Character HR (95%Cl) P value
Gender 0.804 (0.660, 0.981) ——i! 0.032
Age 1.024 (1.017, 1.032) :‘ <0.001
BMI 1.001 (1.000, 1.002) + 0.004
Education E
illiteracy reference ]
Primary school 1.070 (0.911, 1.258) r—%—O—i 0.410
Junior high school 1.027 (0.842, 1.247) '—50—4 0.784
High school or above 1.539 (1.229, 1.926) | <0.001
Hypertension 1.681 (1.471, 1.921) E —— <0.001
Diabetes 1.489 (1.188, 1.866) f —— 0.001
Alcohol consumption ' 0.209
Never reference +
Past 1.093 (0.874, 1.366) '—5-0—' 0.437
Current 0.899 (0.761, 1.061) —e—s 0.209
Smoking E <0.001
Never reference é
Past 1.450 (1.139, 1.845) E — 0.003
Current 0.919 (0.755, 1.119) —e—— 0.399
LDL-C 1.001 (0.999, 1.003) é 0.241
sl 0.029
Q1 1.249 (1.054, 1.478) | —— 0.010
Q2 1.086 (0.922, 1.279) '-:L0—| 0.323
Q3 reference +

|

[ |
00 05 10 15 20 25

Figure 3 Multivariable analysis of risk factors of CVD. Adjusted Model included age, gender, hypertension, diabetes, smoking consumption, alcohol consumption, BMI, LDL-C,
education and Sl levels.

Non-Linear Relationship Between S| and CVD

Further analysis, treating SI as a continuous variable (Figure 4), identified a non-linear relationship between SI levels and
CVD risk (P = 0.003). The exposure-response relationship exhibited a U-shaped pattern: the lowest hazard was observed
at SI values approximately between 90 and 110. While lower SI (< 80) was associated with an elevated risk.

Subgroup Analyses and Interaction Effects
Subgroup analyses (Supplementary Figure 2) were performed to evaluate the consistency of the SI-CVD relationship across

various patient populations. In the fully adjusted model (Figure 5), Reduced baseline SI was associated with increased CVD
risk in males, current smokers, non-drinkers, BMI > 28kg/m? and participants without hypertension or diabetes (P < 0.05).
Crucially, no significant interactions were detected among the subgroups, indicating that the effect of SI on CVD risk, while
potentially more pronounced in certain groups, remains broadly consistent across the studied population. Additional analysis
revealed a combined effect of smoking status and SI on CVD onset, underscoring the importance of considering lifestyle

Table 2 Binary Logistic Regression Analysis

Model Ql Q2 Q3

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Unadjusted model | 1.446 (1.230, 1.699) | <0.001 | 1.182 (1.003, 1.395) | 0.047 Reference Reference
Adjusted model 1.256 (1.032, 1.530) | 0.023 1.082 (0.896, 1.306) | 0.413 Reference Reference

Notes: QI: SI < 71.10; Q2: 71.10 < SI < 84.75; Q3: S| > 84.75. Adjusted model included age, gender, hypertension, diabetes, smoking
status, alcohol consumption history, BMI, LDL-C, education level and SI tertiles.
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Figure 4 Non-linear relationship between Sl levels and CVD risk.

factors alongside SI when evaluating CVD risk (interaction P = 0.034). In addition, among the participants without renal
insufficiency, reduced SI level was also associated with increased CVD risk (P < 0.05) (Supplementary Figure 3).

Discussion

This study reveals that a lower SI is independently linked to a higher incidence of CVD in a nationally representative
cohort of Chinese adults. Even after adjusting for potential confounders such as age, gender, and obesity, the association
between lower SI and increased CVD risk remained strong. These findings highlight predictive value of SI in identifying
individuals at elevated risk of CVD, presenting a promising opportunity to enhance clinical risk assessment and reduce
cardiovascular events.

The Sarcopenia Index, derived from serum creatinine and cystatin C, two routinely measured renal filtration
markers,”” %? which has been thoroughly validated for diagnosing sarcopenia and evaluating cancer.'>**** This study
revealed an inverse relationship between SI tertiles and the incidence of CVD in the general aging population, observed
over a 9-year follow-up period within the CHARLS cohort. Importantly, this association remained statistically significant
after multivariable adjustment for demographic variables and established cardiovascular risk factors, underscoring the
potential role of lower SI as an independent predictor of future CVD events. Further analysis using RCS clarified the
nature of this association, demonstrating a non-linear dose-response relationship between continuous SI levels and CVD
incidence. Notably, there is a significant lack of data regarding the association between SI and cardiovascular risk
specifically within the Chinese population. Lower sarcopenia index was an effective marker for assessing mortality in
a Chinese cohort with middle-aged and older adults. And our recent work showed that lower SI effectively predicts aortic
valve sclerosis (AVSc) in Coronary Artery Disease (CAD) patients. And a single study in the United States highlighted
SI’s predictive performance for cardiovascular death. However, studies explicitly examining SI and CVD incidence
remain limited. Thus, our findings provide novel evidence of SI’s predictive capacity for CVD events in this demo-
graphic, reinforcing its broader prognostic utility as suggested by existing mortality studies.

Beyond establishing satisfactory discriminability within the overall study population, our Cox regression analysis
further elucidated the predictive performance of the SI for CVD across distinct demographic and clinical subgroups. This

stratified approach aligns with existing evidence demonstrating significant correlations between SI and traditional
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character subgroups events total events/total (%) HR (95%Cl) P value interaction P
overall Q1 448 1659 27.0 | —— 1.235 (1.043, 1.463) 0.015
Q2 387 1666 233 l—{-.—l 1.082 (0.919, 1.274) 0.334
Q3 337 1654 20.4 [} reference
Gender male Q1 115 432 26.6 ! p—— 1.427 (1.100, 1.851) 0.007 0.127
Q2 157 730 21.5 I—}Q—i 1.046 (0.827, 1.323) 0.708
Q3 204 1123 18.2 [} reference
female Q1 333 1227 2.0 l:—0—| 1.145 (0.914, 1.434) 0.239
Q2 230 936 24.6 —t— 1.051 (0.833, 1.326) 0.676
Q3 133 531 25.0 (] reference
Age <60 Q1 178 807 221 " —— 1.409 (1.194, 1.662) <0.001 0.892
Q2 198 995 19.9 —— 1.145 (0.973, 1.348) 0.104
Q3 203 1174 17.3 [ reference
>60 Q1 270 852 il —— 1.287 (1.017, 1.630) 0.036
Q2 189 671 28.2 H—i 1.005 (0.831, 1.338) 0.661
Q3 134 480 27.9 . reference
Hypertension yes Q1 146 384 38.0 b—f—0—4 1.181(0.884, 1.578) 0.260 0.862
Q2 129 379 34.0 —— 1.061 (0.808, 1.393) 0.670
Q3 126 387 32.6 ? reference
no Q1 302 1275 23874 \—6— 1.268 (1.028, 1.565) 0.026
Q2 258 1287 20.0 ——— 1.094 (0.891, 1.342) 0.391
Q3 211 1267 16.7 (] reference
Diabetes yes Q1 30 72 41.7 —_— 1.203 (0.673, 2.151) 0.532 0.764
Q2 28 84 33.3 P—#—l 0.994 (0.584, 1.694) 0.983
Q3 42 114 36.8 (] reference
no Q1 418 1587 26.3 :l—-o—i 1.243 (1.040, 1.486) 0.017
Q2 359 1582 227 Fr— 1.095 (0.921, 1.302) 0.302
Q3 295 1540 19.2 [} reference
Smoking consumption never Q1 320 1216 26.3 —— 1.104 (0.894, 1.365) 0.359  0.034
Q2 258 1048 24.6 —-— 1.065 (0.864, 1.312) 0.558
Q3 184 804 22.9 (] reference
past Q1 38 93 40.9 —_— 1.306 (0.766, 2.227) 0.327
Q2 41 138 29.7 l—0—|_| 0.884 (0.535, 1.461) 0.632
Q3 50 214 23.4 L reference
current Q1 90 350 25.7 : —_— 1.715 (1.234, 2.383)  0.001
Q2 88 480 18.3 —r—d 1.126 (0.819, 1.549) 0.464
Q3 103 636 16.2 . reference
Alcohol consumption never Q1 330 1182 27.9 :»—o—c 1.293 (1.042, 1.603) 0.020 0.988
Q2 238 990 24.0 —r— 1.088 (0.874, 1.355) 0.451
Q3 164 755 215, (] reference
past Q1 31 101 30.7 —tr— 0.930 (0.530, 1.631) 0.800
Q2 38 144 26.4 — 0.877 (0.534, 1.439) 0.603
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Figure 5 Subgroup analysis for the effect of Sl on the risk of CVD. Adjusted model included age, gender, hypertension, diabetes, smoking consumption, alcohol consumption,
BMI, LDL-C and education.

sarcopenia metrics, such as total body muscle mass, trunk muscle mass, and skeletal muscle mass index.? Notably, prior
research indicates superior diagnostic utility of SI for sarcopenia in males compared to females,?” a finding congruent
with our observation of enhanced CVD predictive value specifically within the male subgroup. Furthermore, our analysis
within the obese subgroup corroborates recent findings from the CHARLS database that identified associations between
sarcopenia/pre-sarcopenia and CVD prevalence in individuals with obesity.*® Crucially, our study provides novel
confirmation of the predictive value of SI for incident cardiovascular events within this high-risk population. Given
the substantially elevated baseline CVD risk inherent to obesity, the integration of SI into routine monitoring protocols
for these individuals could potentially create a valuable window for initiating early, targeted interventions. Intriguingly,
SI demonstrated a more pronounced early warning capacity for CVD among participants without hypertension and
diabetes. This phenomenon may stem from the fact that the potent and well-established pathological impacts of metabolic
diseases on the cardiovascular system?’ could partially mask or overshadow the independent predictive contribution of SI
in affected individuals. So, SI may be particularly useful for identifying at-risk individuals without hypertension and
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diabetes. Previous studies have confirmed greater accuracy in diagnosing sarcopenia in participants patients without renal
insufﬁciency,28 however, in this study, SI performed well in participants with renal insufficiency, as well as in
participants without renal insufficiency in early identification of CVD risk. Moreover, our analysis confirmed the stable
predictive value in participants aged 60 years or less (interaction P = 0.892). However, smoking status was found to
significantly affect the predictive efficacy of SI (interaction P = 0.034), potentially mediated through tobacco components
(nicotine, tar, CO, etc)., caused the inflammatory cascades, endothelial dysfunction, and lipid metabolism disorder.”’

While the precise pathophysiological mechanisms linking the SI to CVD remain under investigation, current evidence
underscores significant associations. SI correlates with subclinical features of CVD,*® demonstrates potential as
a biomarker for predicting adverse cardiovascular outcomes following specific procedures, and may act as an early
indicator of chronic kidney disease.?®**>* Early detection of sarcopenia, enabled by accessible metrics like SI, is vital as
it facilitates timely interventions. SI could be implematend in various clinical practice, such as integration into annual
health checks, used in cardiac rehabilitation programs incorporating exercise prescriptions, applied in preventive
cardiology settings, which aimed at reducing cardiovascular mortality in individuals with low SI and potentially halting
or reversing adverse cardiovascular progression. However, conventional methods for diagnosing sarcopenia, including
CT, MRI, DXA, and Bioelectrical Impedance Analysis (BIA),'® are fraught with limited access, radiation exposure, and
high costs, thereby limiting their practicality for widespread community use. In this context, SI, derived from readily
available serum creatinine and cystatin C levels, offers a valuable, affordable, and non-invasive surrogate metric,
potentially bridging this critical diagnostic gap in identifying individuals at heightened cardiovascular risk associated
with sarcopenia.

Limitations

In summary, our study provides the first compelling evidence in a Chinese cohort that lower SI levels are strongly
associated with increased CVD risk. As a simple and reliable surrogate marker of sarcopenia, SI can help identify
individuals at higher risk for cardiovascular events and may inform earlier interventions. Integrating SI into routine
health screenings could substantially improve prevention strategies, especially in subgroups such as obese, non-
hypertensive or non-diabetic individuals. Future research with exploration of the underlying mechanism is required to
further confirm our findings and optimize SI-based CVD prevention protocols.

However, there are several limitations in the current study. First, this observational study’s design presents inherent
challenges in establishing a definitive causal link between SI and CVD occurrences. Second, dependence on self-reported
data from the CHARLS database introduces potential biases. Third, serum creatinine or cystatin concentration is
significantly impacted by several factors other than renal function and muscle metabolism, such as inflammation,
smoking, obesity, diet content, certain medications, and endocrine disorders. The findings should be interpreted
cautiously in the above population. Fourth, although encompassing subjects aged 45 and above, further studies are
required to assess applicability in younger populations. Fifth, we have not been able to analyze the association between
sarcopenia index and all-cause death, Major Adverse Cardiovascular Events (MACE) incidence in the present study and
future studies are needed to pinpoint this important questions.

Conclusion

Reduced SI independently predicts elevated CVD risk in aging adults, underscoring its potential as an accessible, cost-
effective screening biomarker. Integration of SI into routine clinical assessments may enhance early risk stratification and
guide targeted preventive strategies, particularly for high-risk subgroups.
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CHARLS, China Health and Retirement Longitudinal Study; CVD, cardiovascular disease; SI, sarcopenia index.
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