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Abstract
Objectives This study aimed to investigate the association of cystatin C, serum creatinine and sarcopenia index with 
cardiovascular and all-cause death in general population.

Methods Data of participants from the National Health and Nutrition Examination Surveys (NHANES) from 1999 to 
2004 were used and all participants were followed up regularly until December 31, 2019. Multivariable Cox analysis 
was used to investigate the association of cystatin C, serum creatinine and sarcopenia index with cardiovascular and 
all-cause death. Restricted cubic spline was conducted to evaluate the nonlinear association.

Results A total of 9894 participants with a mean age of 45.64 years were enrolled and followed up for a mean 
duration of 15.62 ± 4.68 years. Approximately 50.3% were male and there were a total of 2681 all-cause deaths and 
691 cardiovascular deaths recorded during the follow-up period. In final adjusted model, compared with the first 
quartile of cystatin C (< 0.659 mg/L), the risk of cardiovascular and all-cause death increased 2.36-fold and 1.71-fold 
for participants in the fourth quartile (≥ 0.877 mg/L) (HR: 3.36, 95% CI: 2.06–5.46, P < 0.001; HR: 2.71, 95% CI: 2.17–
3.38, P < 0.001; respectively). Furthermore, a higher sarcopenia index (< 88.41 vs. ≥125.52) was associated with the 
reduced risk of cardiovascular death (HR: 0.41, 95% CI: 0.31–0.53, P < 0.001) as well as all-cause death (HR: 0.41, 95% 
CI: 0.35–0.49, P < 0.001). Additionally, restricted cubic splines showed that there was a nonlinear relationship between 
sarcopenia index levels and all-cause death while there was a linear relationship between sarcopenia index levels and 
cardiovascular death.

Conclusions Higher sarcopenia index was associated with the decreased risk of cardiovascular and all-cause death 
in general population in the United States. Elevated cystatin C was positively associated with cardiovascular and all-
cause death.
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Introduction
Cardiovascular disease (CVD) is recognized as promi-
nent contributors to increasing global mortality and dis-
ability, as substantiated by an escalating mortality rate 
over time [1, 2]. It is estimated that the overall prevalence 
of CVD witnessed a substantial increase from 271  mil-
lion in 1990 to 523  million in 2019, meanwhile CVD-
related fatalities also increased from 12.1 million in 1990 
to 18.6 million in 2019 [3]. CVD is frequently associated 
with comorbidities such as diabetes, dyslipidemia, hyper-
tension, obesity, cigarette smoking, physical inactivity, 
and malnutrition. Hence, the identification and prompt 
management of modifiable risk factors hold paramount 
significance.

Cystatin C, a cysteine protease inhibitor presents in 
various bodily fluids, including plasma, is ubiquitously 
distributed. Cystatin C is also consistently produced in 
nucleated cells, freely filtered by the glomerulus, unaf-
fected by muscle mass, and entirely reabsorbed and 
metabolized by the proximal renal tubules [4, 5]. Conse-
quently, cystatin C exhibits less susceptibility to age, sex, 
race, diet, nutritional status and so on in comparison to 
creatinine. Creatinine is commonly used as a surrogate 
indicator for muscle mass due to its association with cre-
atine in muscles [6]. The serum creatinine to cystatin C 
ratio (Cre/CysC) has emerged as a potential alternative 
marker for assessing muscle mass in the body. Sarcope-
nia, a generalized and progressive muscle disease, is asso-
ciated with an increased risk of adverse outcomes such 
as falls, fractures, CVD, and mortality [7]. Therefore, 
a named sarcopenia index (SI) was developed and used 
to estimate muscle mass, which is defined by the serum 
Cre/CysC ratio x 100 [8, 9].

Studies have documented the correlation between 
cystatin C and serum creatinine and death among the 
elderly [10]. Furthermore, cystatin C has been demon-
strated to have a superior predictive ability for death in 
patients with CVD [11–13]. Additionally, studies have 
investigated the association between SI and all-cause 
death in various population, including elderly individuals 
and individuals with coronary heart disease, heart fail-
ure and cancer [14–18]. However, it is worth noting that 
these studies are limited to specific populations or solely 
focused on the correlation between SI and all-cause 
death. Limited research has focus on the relationship 
between cystatin C, serum creatinine, and SI with long-
term health outcomes, particularly in relation to cardio-
vascular health. Shi et al. has discovered an association 
between all-cause death and Cre/CysC using NHANES 
1999–2002 data but have not observed an association 
with cardiovascular death [9]. Hence, this study primarily 
aimed to investigate the potential relationship between 
cystatin C, serum creatinine, and SI and cardiovascular 
and all cause death in general population.

Methods
Study population
This study population and their data comes from three 
cycles of the National Health and Nutrition Examination 
Survey (NHANES) between 1999 and 2004 (https://www.
cdc.gov/nchs/nhanes/index.htm). NHANES is a com-
prehensive and ongoing survey that aimed to investigate 
the health and nutritional status of adults and children 
in the United States, encompassing a nationally repre-
sentative sample of non-institutionalized US citizen. To 
ensure the integrity of this analysis, participants younger 
than twenty years old (n = 15,794), with missing data of 
cystatin C (n = 2937), serum creatinine (n = 42), mortality 
status (n = 13), and other important covariates (n = 2446) 
were excluded. Finally, 9894 participants were enrolled in 
the study (Fig. 1).

Cystatin C and serum creatinine
Cystatin C was tested from stored surplus specimens in 
the NHANES 1999–2004 cycles and measured in serum 
using a cystatin C immunoassay (Siemens Healthcare 
Diagnostics) on an automated multichannel analyser, 
Siemens Dimension Vista 1500 (Siemens Healthcare 
Diagnostics). The measurement of serum creatinine was 
based on the work of Popper et al. and Seeling and Wuest 
utilizing the Jaffé reaction.

Cardiovascular and all cause death
The outcomes variables of this study were defined as 
cardiovascular and all-cause death. Participants were 
followed up regularly until the end of December 2019 
and data about cardiovascular and all cause death were 
extracted from the National Death Index (https://www.
cdc.gov/nchs/data-linkage/mortality-public.htm). All-
cause death was defined according to the International 
Classification of Diseases, 10th revision (ICD-10), as 
death resulting from any cause. Cardiovascular death was 
defined as death resulting from any CVD according to 
ICD-10 codes I00-I09, I11, I13, or I20-I51.

Covariates
Variables included sex, age, race (Mexican American, 
Other Hispanic, Non-Hispanic White, Non-Hispanic 
Black, Other Races), educational level (< high school, 
high school, and > high school), smoking status (current, 
former, and never), drinking status (current, former, and 
never), physical activity, body mass index, hypertension, 
diabetes mellites and CVD. Other continuous variables 
included alanine aminotransferase (U/L), albumin (g/L), 
total cholesterol (mmol/L), high density lipoprotein 
(mmol/L), blood urea nitrogen (mmol/L), blood uric 
acid (µmol/L) and serum glucose (mmol/L). Participants 
with hypertension for any of the following reasons: sys-
tolic blood pressure ≥ 140 mmHg and/or diastolic blood 

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/data-linkage/mortality-public.htm
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pressure ≥ 90 mmHg, or any self-reported taking anti-
hypertensive medications now. Diabetes mellites was 
defined as a history of diabetes, or any self-reported 
taking insulin, or other diabetes medications now, or 
a fasting glucose level ≥ 7mmol/L (126  mg/dL). CVD 
was defined as the participants were asked, “Has a doc-
tor or other health professional ever told you that you 
have congestive heart failure /coronary heart disease /
angina pectoris/heart attack/stroke?”. Drinking status was 
defined through the questionnaire, “Had at least 12 alco-
hol drinks/lifetime?” and “How often drink alcohol over 
past 12 months”. Smoking status was defined through 
the questionnaire, “Smoked at least 100 cigarettes in life” 
and “Do you now smoke cigarettes”. Physical activity was 
defined through the questionnaire, “Tasks around home/
yard past 30 days” [19].

Statistical analysis
Weighted data are included in final statistical analysis. 
Data are shown as mean ± standard deviation (SD) for 
continuous variables and number (n) with percentage (%) 
for categorical variables. The chi-square test and Krus-
kal‒Wallis test were used to compare the difference of 
frequencies and continuous variables between groups, 
respectively. Multivariable Cox regression Models were 
performed to investigate the association of cystatin C, 
serum creatinine and sarcopenia index with cardiovascu-
lar and all-cause death. The Kaplan–Meier analysis was 
performed to estimate the cumulative event incidence of 
cardiovascular and all-cause death between groups. Age 
and sex were adjusted in Model (1) Age, sex, race/eth-
nicity, education, smoking status, alcohol consumption, 
physical activity, and body mass index were adjusted in 
Model (2) Age, sex, race/ethnicity, education, smoking 

status, drinking status, physical activity, body mass index, 
total cholesterol, high density lipoprotein, albumin, ala-
nine aminotransferase, blood urea nitrogen, blood uric 
acid, glucose, hypertension, diabetes mellites, and CVD 
were adjusted in Model (3) Restricted cubic splines with 
Model 3 were employed to evaluate the nonlinear asso-
ciation of cystatin C, serum creatinine and sarcopenia 
index with cardiovascular and all-cause death. Subgroup 
analysis with Model 3 based on sex, age, race, body mass 
index, hypertension, diabetes mellites, and CVD were 
conducted. Additionally, Cystatin C (< 0.659, < 0.753, 
< 0.877 and ≥ 0.877), serum creatinine (< 0.7, < 0.8, < 1.0 
and ≥ 1.0) and SI (< 88.41, < 106.24, < 125.52 and ≥ 125.52) 
were divided into quartiles for analysis. All statistical 
analysis were performed using R version 4.2.3, and a two 
tailed p < 0.05 was considered statistically significant.

Result
Population characteristics
Totally, 9894 participants were included in the final anal-
ysis and followed up for a mean duration of 15.62 ± 4.68 
years. A total of 2681 participants died, in which 691 died 
from cardiovascular events. There were no obvious dif-
ferences between participants with missing covariates 
and those with excluded important covariates (Table 1). 
The mean age of all participants was 45.64 ± 16.59 
years and 50.3% of participants were male. The mean 
levels of cystatin C, serum creatinine and SI were 
0.79 ± 0.29  mg/L, 0.85 ± 0.37  mg/dL, and 111.07 ± 31.31, 
respectively (Table 1). Participants with the highest cys-
tatin C levels were older and more likely to be male, 
non-Hispanic White and obese individuals than those 
with lower cystatin C levels (Table 2). In addition, partici-
pants with elevated levels of cystatin C had a higher total 

Fig. 1 Flow chart of this study
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cholesterol, higher blood urea nitrogen, higher blood uric 
acid, higher serum glucose and lower levels of high den-
sity lipoprotein.

Risk of cardiovascular and all-cause death
Cystatin C and serum creatinine
Kaplan‒Meier analysis revealed that participants with 
higher cystatin C and serum creatinine levels had a higher 
cumulative events incidence of cardiovascular and all-
cause death (Fig. 2A and D). Meanwhile, elevated serum 
creatinine was still associated with higher cardiovascu-
lar and all-cause death by using unweighted data (Sup-
plementary Fig.  1). Cox regression analysis was used to 
reveal the association of cystatin C and serum creatinine 
with cardiovascular and all-cause death. Elevated cystatin 
C levels were significantly associated with the increased 
risk of cardiovascular and all-cause death in all adjusted 
Models (Table 3). As compared with the first quartile in 
the fully adjusted Model, the highest cystatin C quartile 
had more than a twofold increased risk of cardiovascular 
death (HR: 3.36, 95% CI: 2.06–5.46, P < 0.001) and nearly 
a twofold increased risk of all-cause death (HR: 2.71, 95% 
CI: 2.17–3.38, P < 0.001). However, there wasn’t a signifi-
cant association of serum creatinine with cardiovascu-
lar death and all-cause death in the fully adjusted Model 
(HR 0.89, 95% CI: 0.61–1.29; HR 0.83, 95% CI: 0.67–1.02, 
respectively). The significant association of serum creati-
nine with cardiovascular and all-cause death also weren’t 
observed by analyzing unweighted data (Supplementary 
Table 1).

To explore the nonlinear association of cystatin C and 
serum creatinine with cardiovascular and all-cause death, 
the restricted cubic spline was performed (Fig. 3A and D). 
A nonlinear association of cystatin C with cardiovascular 
death and all-cause death was observed. The nonlinear 
association existed in all-cause death, while the linear 
association in cardiovascular death in serum creatinine. 
Additionally, serum creatinine seemed to have J-shaped 
relationship with the risk of all-cause death (Fig. 3D). The 
J-shaped relationship between serum creatinine and all-
cause death persisted by analyzing unweighted data (Sup-
plementary Fig. 2).

Sarcopenia index
The Kaplan‒Meier curves showed that compared with 
the fourth quartile of SI, participants with lower quartiles 
of SI had a higher cumulative risk of cardiovascular death 
and all-cause death (Fig. 2E and F). A significantly nega-
tive association of SI with cardiovascular and all-cause 
death was observed in Cox regression models (Table 3). 
After final adjustment for age, sex, race, education, 
smoking, drinking, physical activity, body mass index, 
total cholesterol, high density lipoprotein, albumin, ala-
nine aminotransferase, blood urea nitrogen, blood uric 

Table 1 Baseline characteristics of the study population with/
without miss covariates

All participants with 
missing covariates 
(n = 12, 340)

Participants 
included in final 
analysis (n = 9894)

Number of participants 199,132,062 163,477,895
Age, years 46.14 ± 16.91 45.64 ± 16.59
Male 95,198,642 (47.8%) 82,178,874 (50.3%)
Age
 < 40 years 78,780,154 (39.6%) 65,856,078 (40.3%)
 40–59 years 75,474,561 (37.9%) 62,354,663 (38.1%)
 ≥ 60 years 44,877,347 (22.5%) 35,267,154 (21.6%)
Race/ethnicity
 Mexican American 14,517,777 (7.3%) 11,673,308 (7.1%)
 Other Hispanic 11,410,249 (5.7%) 8,836,080 (5.4%)
 Non-Hispanic White 142,548,296 (71.6%) 119,728,004 (73.2%)
 Non-Hispanic Black 21,666,998 (10.9%) 16,518,737 (10.1%)
 Other race 8,988,743 (4.5%) 6,721,767 (4.1%)
Education
 < High school 40,765,236 (20.5%) 30,851,828 (18.9%)
 High school 52,054,228 (26.2%) 42,613,853 (26.1%)
 > High school 105,993,370 (53.3%) 90,012,215 (55.1%)
Smoking
 Never 99,571,847 (50.1%) 80,350,034 (49.2%)
 Former 50,387,707 (25.3%) 42,138,099 (25.8%)
 Current 48,922,841 (24.6%) 40,989,762 (25.1%)
Drinking
 Never 23,977,828 (13.8%) 21,637,240 (13.2%)
 Former 15,375,397 (8.8%) 14,001,542 (8.6%)
 Current 134,990,466 (77.4%) 127,839,112 (78.2%)
Physical activity 126,589,428 (64.9%) 108,305,451 (66.3%)
Body mass index
 < 30 134,242,701 (68.9%) 114,225,835 (69.9%)
 ≥ 30 60,509,824 (31.1%) 49,252,060 (30.1%)
Hypertension 58,542,172 (29.8%) 47,458,008 (29.0%)
Diabetes mellites 17,036,428 (8.6%) 13,040,417 (8.0%)
Cardiovascular disease 1,7438,648 (8.8%) 12,721,858 (7.8%)
TC, mmol/L 5.24 ± 1.09 5.24 ± 1.09
HDL, mmol/L 1.35 ± 0.41 1.35 ± 0.41
ALT, U/L 26.02 ± 30.35 26.51 ± 32.71
Albumin, g/L 43.27 ± 3.45 43.43 ± 3.42
BUA, µmol/L 318.76 ± 86.21 319.90 ± 85.25
BUN, mmol/L 4.81 ± 1.92 4.79 ± 1.84
Cystatin C, mg/L 0.79 ± 0.30 0.79 ± 0.29
Serum creatinine, mg/dL 0.85 ± 0.39 0.85 ± 0.37
Sarcopenia index 109.95 ± 31.31 111.07 ± 31.31
Data are presented as means ± SD or n (%)

TC, Total Cholesterol; HDL, High Density Lipoprotein; ALT, Alanine 
Aminotransferase; BUN, Blood Urea Nitrogen; BUA, Blood Uric Acid
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acid, glucose, hypertension, diabetes mellites, and CVD 
(Model 3), compared to those with the first quartile of SI 
(< 88.41 vs. ≥125.52), participants with the highest quar-
tile of SI were associated with reduced risk of cardiovas-
cular death (HR: 0.41, 95% CI: 0.31–0.53, P < 0.001) and 
all-cause death (HR: 0.41, 95% CI: 0.35–0.49, P < 0.001). 

Moreover, there was a linear trend between SI and car-
diovascular death (P for nonlinearity = 0.100), while a 
nonlinear association between SI and all-cause death (P 
for nonlinearity < 0.001) (Fig. 3E-F).

Table 2 Baseline characteristics of the study population according to quartile of Cystatin C
Cystatin C (mg/L)
Q1
< 0.659

Q2
< 0.753

Q3
< 0.787

Q4
≥ 0.787

P value

Number of participants 2465 2466 2480 2483
Age, years 37.69 ± 11.67 41.41 ± 13.49 46.39 ± 15.94 59.88 ± 17.11 < 0.001
Male 826 (32.6%) 1311 (51.9%) 1478 (61.4%) 1388 (54.3%) < 0.001
Age < 0.001
 < 40 years 1492 (59.0%) 1,083 (46.9%) 747 (36.3%) 232 (14.2%)
 40–59 years 769 (36.8%) 920 (42.8%) 820 (41.1%) 447 (29.5%)
 ≥ 60 years 204 (4.2%) 463 (10.3%) 913 (22.6%) 1804 (56.2%)
Race/ethnicity < 0.001
 Mexican American 739 (12.3%) 621 (8.3%) 475 (4.7%) 375 (2.7%)
 Other Hispanic 129 (6.6%) 101 (5.1%) 125 (6.0%) 82 (3.7%)
 Non-Hispanic White 938 (59.9%) 1216 (72.1%) 1451 (79.0%) 1634 (83.0%)
 Non-Hispanic Black 553 (15.3%) 444 (10.2%) 362 (7.4%) 329 (7.3%)
 Other race 106 (5.9%) 84 (4.3%) 67 (2.9%) 63 (3.3%)
Education < 0.001
 < High school 705 (17.6%) 683 (15.9%) 725 (17.8%) 909 (25.8%)
 High school 509 (21.1%) 584 (25.4%) 625 (27.8%) 633 (30.5%)
 > High school 1,251 (61.3%) 1,199 (58.6%) 1,130 (54.4%) 941 (43.7%)
Smoking < 0.001
 Never 1,506 (59.9%) 1,271 (51.2%) 1,103 (43.1%) 1,057 (41.5%)
 Former 498 (20.9%) 614 (24.9%) 704 (25.9%) 912 (32.5%)
 Current 461 (19.1%) 581 (23.9%) 673 (31.0%) 514 (26.0%)
Drinking < 0.001
 Never 438 (14.6%) 313 (11.0%) 318 (10.5%) 482 (18.3%)
 Former 220 (6.9%) 198 (7.0%) 225 (7.7%) 353 (13.7%)
 Current 1,807 (78.5%) 1,955 (82.0%) 1,937 (81.7%) 1,648 (68.0%)
Physical activity 1,462 (66.5%) 1,475 (68.2%) 1,544 (69.0%) 1,332 (59.7%) < 0.001
Body mass index < 0.001
 < 30 1,873 (80.0%) 1,731 (71.6%) 1,612 (65.4%) 1,572 (61.3%)
 ≥ 30 592 (20.0%) 735 (28.4%) 868 (34.6%) 911 (38.7%)
Hypertension 391 (13.8%) 634 (21.7%) 926 (30.3%) 1,553 (55.5%) < 0.001
Diabetes mellites 186 (5.0%) 189 (5.4%) 275 (7.2%) 488 (15.9%) < 0.001
Cardiovascular disease 56 (1.9%) 116 (3.6%) 223 (7.1%) 618 (21.4%) < 0.001
TC, mmol/L 5.10 ± 1.04 5.19 ± 1.10 5.31 ± 1.06 5.40 ± 1.14 < 0.001
HDL, mmol/L 1.50 ± 0.42 1.35 ± 0.40 1.29 ± 0.38 1.26 ± 0.39 < 0.001
ALT, U/L 23.40 ± 14.36 27.43 ± 29.95 28.13 ± 20.27 26.83 ± 56.55 < 0.001
Albumin, g/L 43.46 ± 3.51 43.77 ± 3.27 43.64 ± 3.35 42.67 ± 3.49 < 0.001
BUA, µmol/L 276.39 ± 74.77 311.59 ± 78.34 335.70 ± 79.79 362.16 ± 86.76 < 0.001
BUN, mmol/L 4.10 ± 1.38 4.52 ± 1.36 4.80 ± 1.41 5.96 ± 2.65 < 0.001
Glucose, mmol/L 5.09 ± 1.57 5.16 ± 1.47 5.18 ± 1.27 5.58 ± 1.89 < 0.001
Cystatin C, mg/L 0.59 ± 0.06 0.70 ± 0.03 0.81 ± 0.04 1.10 ± 0.49 < 0.001
Serum creatinine, mg/dL 0.73 ± 0.17 0.81 ± 0.18 0.87 ± 0.19 1.05 ± 0.69 < 0.001
Sarcopenia index 124.47 ± 42.51 115.13 ± 25.52 107.41 ± 23.11 94.43 ± 22.30 < 0.001
Data are presented as means ± SD or n (%)

TC, Total Cholesterol; HDL, High Density Lipoprotein; ALT, Alanine Aminotransferase; BUN, Blood Urea Nitrogen; BUA, Blood Uric Acid
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Subgroup analysis
The results of subgroup analysis showed that the asso-
ciation of cystatin C, serum creatinine and SI with 
cardiovascular and all-cause death varied among differ-
ent populations (Supplementary Tables 2–9). Figure  4 

showed the results of comparing the highest and the low-
est quartile of cystatin C, serum creatinine and SI.

For cardiovascular death, there was a significant 
interaction between cystatin C and race (P for interac-
tion = 0.049). The adjusted HR of cardiovascular death 
(4.70 vs. 3.20) in the highest versus lowest cystatin C 

Fig. 2 Cumulative death incidence curves. (A) cardiovascular death for cystatin C; (B) all-cause death for cystatin C; (C) cardiovascular death for serum 
creatinine; (D) all-cause death for serum creatinine; (E) cardiovascular death for Sarcopenia Index; (F) all-cause death for Sarcopenia Index
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quartile in White participants was higher than in non-
White participants, suggesting that Whites may be more 
susceptible than non-Whites to the effect of cystatin C on 
cardiovascular death. Additionally, there also were signif-
icant interaction of SI with race (P for interaction = 0.045), 
body mass index (P for interaction = 0.043) and CVD (P 
for interaction = 0.008). These findings may suggest that 
non-White individuals, those with obesity, and partici-
pants without CVD were more susceptible to cardio-
vascular death. There was also an interaction between 
serum creatinine and sex (P for interaction < 0.001); how-
ever, this interaction was not significant after analyzing 
unweighted data (P for interaction = 0.172). Furthermore, 
the association between cystatin C and cardiovascular 
death may be stronger in participants aged 60 years or 
older, those without diabetes mellitus, and those without 
CVD. A stronger association of SI with cardiovascular 
death was found in male and participants aged ≥ 60 years 
old.

For all-cause death, a significant interaction between 
cystatin C and race persisted (P for interaction = 0.006), 
indicating that Whites may still have a higher risk for 
all-cause death. There was only a significant interac-
tion between SI and body mass index (P for interac-
tion = 0.010). The adjusted HR of the highest vs. lowest 
SI quartile in obese participants was 0.45 (95% CI: 0.34–
0.61), while that of the non-obese participants was 0.40 
(95% CI: 0.33–0.50). This suggested that obese individu-
als may be more susceptible to the effect of SI on cardio-
vascular death than non-obese individuals. In addition, 
there was a significant interaction between serum cre-
atinine and sex, whether using weighted (P for interac-
tion = 0.002) or unweighted (P for interaction = 0.010) 
data analysis.

Table 3 Results of Cox regression analysis
Q1 Q2 Q3 Q4 P for trend

Cystatin C
Cardiovascular death
 Model 1 Ref 2.12 (1.20–3.76)* 2.31 (1.41–3.77)*** 5.29 (3.15–8.90)*** < 0.001
 Model 2 Ref 2.13 (1.19–3.82)* 2.23 (1.36–3.65)** 4.63 (2.75–7.78)*** < 0.001
 Model 3 Ref 2.17 (1.25–3.76)** 2.22 (1.40–3.53)*** 3.36 (2.06–5.46)*** < 0.001
All-cause death
 Model 1 Ref 1.28 (1.02–1.60)* 1.72 (1.38–2.14)*** 3.44 (2.75–4.31)*** < 0.001
 Model 2 Ref 1.27 (1.01–1.61)* 1.64 (1.32–2.04)*** 3.08 (2.46–3.86)*** < 0.001
 Model 3 Ref 1.29 (1.02–1.63)** 1.67 (1.34–2.08)*** 2.71 (2.17–3.38)*** < 0.001
Serum creatinine
Cardiovascular death
 Model 1 Ref 0.92 (0.61–1.38) 0.97 (0.63–1.49) 1.60 (1.02–2.51)* 0.042
 Model 2 Ref 0.96 (0.65–1.40) 0.99 (0.67–1.47) 1.59 (1.05–2.41)* 0.031
 Model 3 Ref 0.90 (0.62–1.30) 0.80 (0.56–1.15) 0.89 (0.61–1.29) 0.431
All-cause death
 Model 1 Ref 0.89 (0.77–1.03) 0.83 (0.68–1.01) 1.16 (0.93–1.44) 0.311
 Model 2 Ref 0.93 (0.81–1.06) 0.88 (0.73–1.05) 1.21 (0.99–1.48) 0.124
 Model 3 Ref 0.87 (0.75–1.01) 0.74 (0.62–0.89)* 0.83 (0.67–1.02) 0.071
Sarcopenia index
Cardiovascular death
 Model 1 Ref 0.68 (0.55–0.84)*** 0.49 (0.38–0.64)*** 0.37 (0.27–0.51)*** < 0.001
 Model 2 Ref 0.71 (0.57–0.89)** 0.55 (0.42–0.71)*** 0.41 (0.31–0.54)*** < 0.001
 Model 3 Ref 0.66 (0.54–0.82)*** 0.53 (0.40–0.69)*** 0.41 (0.31–0.53)*** < 0.001
All-cause death
 Model 1 Ref 0.65 (0.58–0.73)*** 0.47 (0.40–0.56)*** 0.37 (0.30–0.45)*** < 0.001
 Model 2 Ref 0.68 (0.61–0.76)*** 0.52 (0.45–0.61)*** 0.42 (0.35–0.50)*** < 0.001
 Model 3 Ref 0.65 (0.59–0.73)*** 0.50 (0.43–0.59)*** 0.41 (0.35–0.49)*** < 0.001
Model 1: adjusted for age, sex

Model 2: Model 1 + adjusted for race/ethnicity, education, smoking status, drinking status, physical activity, and body mass index

Model 3: Model 2 + adjusted for total cholesterol, high density lipoprotein, albumin, alanine aminotransferase, blood urea nitrogen, blood uric acid, glucose, 
hypertension, diabetes mellites, and cardiovascular disease

*** p < 0.001, **p < 0.01, *p < 0.05. Values are presented as adjusted hazard ratio (95% confidence interval). The Q1-Q4 of cystatin C represent < 0.659, < 0.753, < 0.877 
and ≥ 0.877; the Q1-Q4 of serum creatinine represent < 0.7, < 0.8, < 1.0 and ≥ 1.0; the Q1-Q4 of Sarcopenia Index represent < 88.41, < 106.24, < 125.52 and ≥ 125.52
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Discussion
Main findings
The main findings of this study are as follows: (1) There 
is a significant association of SI with the reduced risk of 
cardiovascular and all-cause death in a national repre-
sentative cohort of US adults. (2) Elevated cystatin C is 
significantly associated with the higher risk of cardiovas-
cular and all-cause death. (3) There is a nonlinear rela-
tionship between cystatin C and cardiovascular death 
as well as all-cause death, and a nonlinear relationship 
between SI and all-cause death.

The relationship between cystatin C and serum creatinine 
and death
Previous research has investigated the correlation 
between cystatin C and death. It has been observed that 
cystatin C maintains an independent association with 
death in individuals with acute heart failure [11]. Addi-
tionally, preoperative levels of cystatin C could serve as 
robust predictors for death in patients undergoing coro-
nary artery bypass grafting [12]. Furthermore, a meta-
analysis also discovered that elevated levels of cystatin C 
were linked to a heightened risk of all cause and cardio-
vascular death among elderly individuals [10]. Wu et al. 
[20] also discovered that cystatin C demonstrates prog-
nostic value for long-term death in patients aged over 40 
years with relatively normal renal function, and a linear 

Fig. 3 Restricted cubic splines. (A) cardiovascular death for cystatin C; (B) all-cause death for cystatin C; (C) cardiovascular death for serum creatinine; (D) 
all-cause death for serum creatinine; (E) cardiovascular death for Sarcopenia Index; (F) all-cause death for Sarcopenia Index
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Fig. 4 Cox regression subgroup analysis of the highest quartiles compared to the lowest quartiles. (A) cardiovascular death for cystatin C; (B) all-cause 
death for cystatin C; (C) cardiovascular death for serum creatinine; (D) all-cause death for serum creatinine; (E) cardiovascular death for Sarcopenia Index; 
(F) all-cause death for Sarcopenia Index. CV, cardiovascular
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correlation between cystatin C and death outcomes was 
observed. However, our study using a restricted cubic 
spline revealed a nonlinear association between cystatin 
C levels and cardiovascular and all-cause death. And, the 
association between cystatin C and cardiovascular death 
was not observed in participants with age < 60 years by 
further age stratification analysis. Furthermore, cystatin 
C was a more precise indicator of death than serum cre-
atinine, which identified cystatin C as a stronger pre-
dictor of cardiovascular and all-cause death compared 
to Serum creatinine among the elderly population [21]. 
Among patients without a history of CVD, cystatin C 
demonstrated superior predictive value for cardiovascu-
lar death compared to the estimated Glomerular Filtra-
tion Rate (eGFR) based on serum creatinine [22].

The specific mechanism underlying the link between 
cystatin C and long-term death remains unclear. This 
relationship could potentially be elucidated through 
the following: cystatin C, a lysosomal proteinase inhibi-
tor, functions as an extracellular inhibitor of cysteine 
proteases. It has been suggested that cystatin C may be 
involved in the regulation of elastolytic cysteine prote-
ases, such as cathepsins S and K, which could potentially 
contribute to the development of atheromatous plaques 
and subsequently increase the risk of cardiovascular 
events [23–25]. Previous studies have also shown that 
renal insufficiency was associated with an elevated risk 
of cardiovascular events and death [26, 27]. In terms of 
diagnostic accuracy and prognostic value, cystatin C has 
been found to outperform serum creatinine in identify-
ing the early stages of chronic kidney disease and pre-
dicting unfavourable outcomes, such as renal failure and 
death [28]. Hence, individuals presenting with height-
ened levels of cystatin C may manifest early signs of renal 
insufficiency, thereby increasing their susceptibility to 
cardiovascular events.

The association between sarcopenia index and death
Limited research has been conducted on the correla-
tion between sarcopenia index (SI) and cardiovascular 
death. It has been found that lower SI is associated with 
an elevated risk of cardiovascular death in older patients 
who have undergone percutaneous coronary interven-
tion [15]. Previous researches have primarily focused on 
examining the correlation between SI and death across 
various populations, including older individuals [14, 29], 
those with heart failure [16], and cancer patients [17, 18, 
30]. Our study findings align with previous research in 
demonstrating a consistent association between SI and 
all-cause death.

Cystatin C and serum creatinine are readily obtainable 
and commonly employed indicators for evaluating renal 
function. However, serum creatinine concentration is sig-
nificantly impacted by physiological and clinical factors 

that affect muscle mass [31]. Consequently, patients with 
reduced muscle mass or sarcopenia may exhibit lower 
levels of serum creatinine. In contrast, cystatin C is syn-
thesized by all nucleated cells and remains unaffected by 
muscle metabolism [4]. These findings indicate that the 
Cre/CysC ratio may serve as a reliable surrogate mea-
sure for muscle mass. Previous research has similarly 
established that Cre/CysC can be regarded as a surrogate 
marker of muscle mass and is linked to death rates in the 
US population [9]. Consequently, we assume that the SI is 
a dependable and straightforward muscle marker for pre-
dicting death.

Our study has a main strength. this may be the first 
investigation to examine the correlation between SI and 
cardiovascular death in the American general popula-
tion. Nevertheless, it is important to acknowledge several 
limitations in our study. Notably, the data relied on self-
reported information, which may have introduced biases 
associated with self-selection and recall. A further limita-
tion of our study design was that it may also be because 
cystatin C and serum creatinine were only measured 
once. Thus, we had no opportunity to assess changes in 
cystatin C or serum creatinine over time.

Conclusions
In the general population in the United States, higher 
SI has been found to be significantly associated with the 
reduced long-term risk of cardiovascular and all-cause 
death. Meanwhile, there is also a significant positive asso-
ciation of cystatin C with cardiovascular and all-cause 
death. These findings may imply the potential important 
utility of cystatin C and SI in the cardiovascular risk esti-
mation in general population in the United States, while 
the possibility of their application in other population 
still needs further prospective cohort studies to confirm.
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