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Fall is common in the elderly, and chronic kidney disease is considered a major risk factor. Serum 
creatinine (Cre) and cystatin C (Cys C) are commonly used biomarkers for renal function, while the ratio 
of Cre to Cys C, known as the sarcopenia index (SI), provides insights into muscle health. This study 
investigates the relationships between Cre, Cys C, estimated glomerular filtration rates (eGFR), SI, 
and self-reported falls using National Health and Nutrition Examination Survey (NHANES) data. We 
included 4,272 older adults with eGFR > 30mL/min/1.73m2 from NHANES (1999 to 2004) and divided 
them into the fall and non-fall groups based on the questionnaires. Correlations were assessed using 
restricted cubic spline, weighted generalized linear regression models. Multi-factor logistic regression 
analysis identified serum Cys C as significantly associated with falls (all participants: OR 1.16, 95% CI: 
1.09 to 1.23, p < 0.001; participants with eGFR > 75 mL/min/1.73m2: OR 1.17, 95% CI: 1.05 to 1.30, 
p < 0.001,). In contrast, Cre and eGFR were not significant after adjustments; SI showed marginal 
significance (p = 0.045). Cys C is significantly associated with fall risk in older adults, demonstrating a 
positive linear relationship with self-reported falls.
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Falls pose a global public health challenge, emerging as a leading cause of death in developed countries1. 
Approximately one in three community-dwelling people aged over 65 years fall each year2, and the incidence 
of fall-related injuries escalates with advancing age3. For elderly people, falls can be devastating and fatal. 
Consequences of falls include fractures and head injuries4, resulting in fear of falling5, reduction in physical 
function6, social interactions, and deep venous thrombosis or pneumonia.

Chronic kidney disease is associated with an elevated risk of frailty, which further increases the likelihood of 
falls7. Cre and Cys C are markers routinely used to estimate glomerular filtration rate (eGFR)8. While serum Cre 
is primarily derived from muscle metabolism, leading to lower levels in individuals with reduced muscle mass, 
Cys C is produced at a constant rate by all nucleated cells and is less influenced by muscle mass9,10. Consequently, 
the ratio of Cre to Cys C has been identified as the sarcopenia index (SI), which provides a more nuanced 
evaluation of muscle health and has shown potential for screening sarcopenia in multiple populations11–13.

Previous studies have indicated a linear relationship between SI and self-reported falls in community-
dwelling Caucasian women14. However, few studies have reported that creatinine and Cys C, when examined 
individually, may serve as risk factors for self-reported falls15–17. These studies predominantly focused on 
correlational analyses without investigating the nonlinear relationships that may exist between these biomarkers 
and fall risk. In another cohort study, researchers found that lower eGFR based on Cys C was associated with 
a higher risk of frailty, while eGFR based on Cre showed no such correlation18. Additionally, elevated levels of 
Cys C were linked to declines in physical function, including more rapid decreases in walking speed and grip 
strength19,20.

We propose that investigating the SI alongside serum Cys C and Cre will provide new insights into their 
differential associations with falls. Specifically, we hypothesized that serum Cys C levels are associated with an 
L-shaped relationship to falls, suggesting that higher levels correlate with an increased likelihood of falls. In 
contrast, both eGFR and serum Cre may exhibit J-shaped relationships with falls, albeit in opposing directions21. 
Furthermore, we postulate that the SI may demonstrate a skewed Z-shaped relationship with fall. Higher eGFR 
values or lower serum Cre levels, particularly when Cre is low relative to cystatin C, may indicate reduced muscle 
mass, which is anticipated to correspond with an increased risk of falls9,21,22. Therefore, we aim to explore the 
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association between Cre and Cys C levels, as well as SI, with falls in the general elderly population of the United 
States (U.S.).

Materials and methods
Study population
The NHANES is a comprehensive epidemiological program that has systematically evaluated the health and 
dietary patterns of the U.S. population since the early 1960s. Utilizing a stratified, multistage probability 
design, NHANES recruits a nationally representative cohort. Each year, approximately 5,000 individuals are 
selected from various counties nationwide, with data collection occurring in two-year cycles since 199923. The 
NHANES data from 1999 to 2004 were included in this study. The total sample in NHANES consisted of 31,126 
participants. Of these participants, we excluded individuals based on the following criteria: (1) those under 60 
years old (n = 25,519), (2) those missing self-reported prevalence of falls data (n = 19), (3) those missing serum 
creatinine information (n = 1,040), (4) those missing serum Cystatin C information (n = 190), and (5) those with 
an eGFR < 30 mL/min/1.73 m2n = 86). Finally, a total of 4,272 participants (2,135 men and 2,137 women) were 
included in this analysis (Supplementary Fig. 1).

Exposure variables
In the NHANES database, biochemistry indicators were analyzed using a Hitachi Model 704 multichannel 
analyzer (Boehringer Mannheim Diagnostics, Indianapolis, IN). Serum creatinine was measured using 
the Jaffe kinetic alkaline picrate method. Specimens of serum creatinine from NHANES were evaluated to 
determine whether adjustments were necessary when compared to a method traceable to a gold standard 
reference. According to NHANES guidelines, correction for serum creatinine in the 1999–2000 dataset is 
highly recommended; therefore, we employed regression analysis to convert NHANES 1999–2000 serum 
creatinine values to standardized creatinine. For the 2001–2002 and 2003–2004 datasets, no correction was 
deemed necessary. Cystatin C was measured in serum using a Cystatin C immunoassay (Siemens Healthcare 
Diagnostics) on an automated multi-channel analyzer, Siemens Dimension Vista 1500 (Siemens Healthcare 
Diagnostics). eGFR was calculated using the CKD-EPI Creatinine Eq. (2021)24. SI was defined as the ratio of 
serum creatinine (mg/mL) to cystatin C (mg/L): SI = (creatinine/ cystatin C) × 100. Detailed measurements can 
be found at: https://wwwn​.cdc.gov/Nch​s/Nhanes/199​9-2000/LAB1​8.htm.

Identifying fall and non-fall groups
To categorize participants into fall and non-fall groups, individuals who responded “yes” to the question “Have 
you had difficulty with falling in the past 12 months?” were classified into the fall group. For the non-fall group, 
participants who answered “no” to the initial question about difficulty with falling were included. Additionally, 
individuals who, when asked, " During the past 12 months, have you had dizziness, difficulty with balance, or 
difficulty with falling? " answered “no” were also considered part of the non-fall group.

Covariates
Demographic characteristics such as age, gender, and ethnicity were confounding factors between exposure 
and the primary outcome. The socioeconomic covariates comprise education level, smoking status, alcohol 
consumption status, and mean energy intake. Similarly, medical comorbidity variables were also acquired, 
including body mass index (BMI) and comorbidities such as hypertension, diabetes, and cancer. We provide 
an overview of the diagnostic methods utilized, as informed by NHANES, in Supplementary Table 2. A 
comprehensive explanation of the variables utilized in this study is available at ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​a​n​
e​s​/​​​​​.​​

Statistical analysis
All analyses were conducted using R.4.3.1 (http://www.R-project.org). For most covariates, less than 5.0% of 
the data were missing. However, there was a lack of data in 4.6% of the study participants for body mass index 
(BMI), 4.3% for drinking status, and 3.8% for total calorie intake. The missing data were multiply imputed for the 
covariates by the “jomo” package, which implements a multilevel approach designed for survey data25. A Gibbs 
sampling procedure was used to generate 3 imputed data sets after a burn-in of 1000 iterations and 1000 updates 
to ensure stochastic independence between imputed data26. When calculating all estimates, we took into account 
the NHANES sample weights. Results for continuous variables were reported as mean (Interquartile Range, 
IQR), and categorical variables were expressed as numbers and numbers (%). The significance of differences was 
determined via weighted wilcoxon rank-sum test for the continuous variables and weighted chi-square tests for 
the categorical variables. Weighted generalized linear regression models were used to examine the relationship 
between exposure variables and the risk of fall. Model 1 was adjusted for age, gender, BMI, and race. Model 2 
adjusted for Model 1 variables and educational level, smoking, alcohol drinking, and calorie intake. Finally, 
model 3 was adjusted to model 2 variables, supplemented by stroke, diabetes, arthritis, chronic bronchitis, 
congestive heart failure, heart attack, liver condition, and hypertension as the final model. Receiver operating 
characteristic (ROC) curves with area under curves (AUC) metrics were utilized to assess the ability of exposure 
variables to screen for fall. A bootstrap resampling method with 2000 iterations was employed to compute 95% 
confidence intervals for the AUCs using the ci.auc() function from the pROC package in R27. Additionally, we 
used the roc.test() function from the same package to compare the AUCs of any two metrics. In the restricted 
cubic spline (RCS) analysis, a restricted cubic spline transformation with four knots was utilized. Generally, 
using five or fewer knots was often sufficient and specifying knot locations could potentially lead to loss of 
information28. Consequently, the specific locations of these knots were not explicitly defined or specified in the 
analysis. A two-tailed p < 0.05 was considered statistically significant.
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Ethics statement
The NHANES protocols adhere to the Declaration of Helsinki and have been approved by the NCHS Research 
Ethics Review Board (Protocol #98 − 12), with all participants providing written informed consent29. We 
confirm that all methods were performed according to the relevant guidelines and regulations and followed 
the Strengthening the Reporting of Observational Studies for Epidemiology (STROBE) guidelines for cross-
sectional studies30.

Results
Baseline characteristics
Weighted socio-demographic and medical characteristics are described in Table 1. Data of 4,272 participants 
were extracted from the NHANES database, 376 (8.8%) had falling problems in the past years and 3,896 (91.2%) 
reported no falls. Fallers exhibited a higher mean age when compared to non-fallers (p < 0.001) and were more 
frequently female (63.43% vs. 55.94%, p = 0.031). Participants in the fallers group exhibited elevated levels of 
Cys C (p < 0.001) and reduced levels of eGFR (p < 0.001) compared to those in the non-fallers group. In terms of 
social factors, the fallers group body had a lower proportion of people with a high school education than the non-
fallers group (61.81% vs. 70.88%, p < 0.001). Compared with the non-fallers group, the fallers group exhibited 
a significantly higher prevalence of comorbidities. The fallers group had a higher prevalence of conditions such 
as diabetes mellitus (28.27% vs. 19.78%), hypertension (75.83% vs. 68.02%), stroke (23.74% vs. 5.33%), arthritis 
(69.58% vs. 48.52%), among others. All comparisons showed a statistically significant difference with p < 0.05. 
Following the exclusion of all missing data, subsequent analysis revealed that the estimated effects of directly 
deleting missing values and using multiple interpolation methods were comparable. 

Associations of Cys C, Cre, eGFR, and SI with fall
The Table 2 displays the odds ratios (ORs) of Cys C, Cre, eGFR, and SI for the presence of falls. After adjusting 
for covariates, Cys C (OR 1.16, 95% CI: 1.09 to 1.23, p < 0.001) and Cre (OR 1.07, 95% CI: 1.01 to 1.13, p = 0.024) 
demonstrated significant associations with falls. Interestingly, eGFR (OR 1.00, 95% CI: 1.00 to 1.00, p = 0.015) 
and SI (OR 1.00, 95% CI: 1.00 to 1.00, p = 0.048) also showed statistically significant associations with falls, 
despite their confidence intervals including 1.00. These findings suggest that eGFR and SI are associated with the 
reports of falls, although with varying effect sizes. 

The Fig. 1 illustrates the relationship between Cys C, Cre, eGFR, and SI with falls using a RCS model analysis. 
After adjustment for various covariates, including age, gender, race, educational level, BMI, smoking quantity, 
alcohol consumption, calorie intake, stroke, diabetes, arthritis, chronic bronchitis, congestive heart failure, 
heart attack, liver condition, and hypertension, we found the Cys C were positively associated with falls risk 
(p < 0.001), and the nonlinear tests were not significant. Meanwhile, the RCS plot showed that the ORs gradually 
decreased with the increase in SI (Fig. 1). 

Subgroup analyse
Subanalyses of participants eGFR ≥ 75mL/min/1.73m2 were also performed. Cys C (OR 1.17, 95% CI: 1.05, 
1.30, p = 0.006) continued to demonstrate a robust association with falls, whereas Cre (0.96, 95% CI: 0.86, 1.08, 
p = 0.5) was not, after adjusting for covariates (Table 2).

Comparison of Cys C and Cre, eGFR, and SI
Further analyses were conducted to compare the predictive value of Cys C and other indicators. In the analysis of 
all participants, the AUC of Cys C (0.67,95%CI:0.64 to 0.70), indicating a moderate predictive ability for falls. In 
comparison, the AUC for Cre was 0.56 (95% CI: 0.52 to 0.59), the AUC for the SI was 0.62 (95% CI: 0.59 to 0.65), 
and the AUC for eGFR was 0.60 (95% CI: 0.57 to 0.63). Statistical comparisons revealed significant differences 
in predictive ability. The AUC for Cys C was significantly higher than that for Cre (p < 0.001), eGFR (p < 0.001), 
and SI (p = 0.005). In the subanalyses (participants with eGFR ≥ 75mL/min/1.73m2), Cys C (AUC: 0.64, 95% CI: 
0.59 to 0.68) demonstrated a significantly better predictive ability for falls compared to Cre (AUC: 0.54, 95% CI: 
0.49 to 0.58, p = 0.006) and eGFR (AUC: 0.53, 95% CI: 0.48 to 0.57, p < 0.001). However, the difference in AUC 
between Cystatin C and SI was not statistically significant (AUC for SI: 0.63, 95% CI: 0.59 to 0.67, p = 0.856), 
suggesting comparable predictive abilities for falls in this subgroup (Fig. 2). 

Discussion
In this study, we identified elevated levels of Cys C, increased levels of Cre, and reduced SI as independent 
factors for falls in an American population. This study highlights that the difference in Cys C and Cre levels can 
offer valuable clinical information regarding the risk of falls. Serum creatinine and cystatin C were commonly 
utilized to assess renal function. Our finding was in accordance with an earlier study by Dukas et al. who found 
that a reduced creatinine clearance associated risk for falls and risk of becoming a faller31. Patients with chronic 
renal failure typically exhibit low serum 1,25(OH)2D3 concentrations due to impaired kidney synthesis, resulting 
in muscle weakness, atrophy, and an elevated risk of falls in the elderly17,32. Dukas et al. found a significant 
reduction in the risk of falls with alfacalcidol supplementation in individuals with creatinine clearance below 
65 ml/min, while this effect was not evident in those with creatinine clearance up 65 ml/min31. In the studies 
by Zhao et al.33 and Gallagher et al.32 do not support the routine use of vitamin D in community-dwelling older 
people.

Non-linear analyses indicated an L-shaped association between fall risk and eGFR, with eGFR levels at 
approximately 75 mL/min/1.73 m² demonstrating a plateau lower risk. Moreover, further subanalyses did not 
find a significant association between Cre or eGFR and reported falls in individuals with eGFR greater than 75 
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Characteristic Overall, N = 4272 (100%)2 Fall, N = 376 (8.8%) Non-fall, N = 3896 (91.2%) P Value

Age(years) 70 (64, 77) 75 (69, 81) 70 (64, 76) < 0.001

Age group < 0.001

 60–69 years 1,742 (43.71%) 86 (23.32%) 1,656 (45.67%)

 70–79 years 1,326 (32.84%) 136 (40.64%) 1,190 (32.09%)

 80 + years 1,204 (23.45%) 154 (36.04%) 1,050 (22.24%)

Sex 0.031

 Female 2,137 (56.59%) 213 (63.43%) 1,924 (55.94%)

 Male 2,135 (43.41%) 163 (36.57%) 1,972 (44.06%)

Race 0.004

 Mexican American 884 (3.13%) 68 (2.88%) 816 (3.15%)

 Non-Hispanic Black 617 (8.16%) 40 (6.66%) 577 (8.31%)

 Non-Hispanic White 2,523 (81.65%) 242 (79.67%) 2,281 (81.84%)

 Other Hispanic 144 (4.01%) 20 (8.26%) 124 (3.60%)

 Other/multiracial 104 (3.05%) 6 (2.53%) 98 (3.10%)

Education < 0.001

 Less Than 9th Grade 1,109 (14.74%) 100 (17.21%) 1,009 (14.51%)

9-11th Grade (Includes 12th grade with no diploma)  681 (15.17%) 72 (20.98%) 609 (14.61%)

 High School Grad/GED or Equivalent 1,012 (29.02%) 100 (33.66%) 912 (28.58%)

 Some College or AA degree 824 (22.14%) 57 (14.82%) 767 (22.84%)

 College Graduate or above 646 (18.93%) 47 (13.33%) 599 (19.46%)

Education < 0.001

 Beyond high school 2,482 (70.09%) 204 (61.81%) 2,278 (70.88%)

Alcohol intake 0.015

 Non-drinker 1,678 (41.62%) 174 (49.33%) 1,504 (40.87%)

 1 to < 5 drinks/month 1,817 (38.12%) 155 (37.63%) 1,662 (38.17%)

 5 to < 10 drinks/month 182 (4.50%) 7 (2.05%) 175 (4.73%)

 10 + drinks/month 595 (15.76%) 40 (10.99%) 555 (16.23%)

Smoking status > 0.9

 Current smoker 518 (11.74%) 41 (12.25%) 477 (11.69%)

 Former smoker 1,778 (41.70%) 166 (41.90%) 1,612 (41.68%)

 Never smoker 1,976 (46.56%) 169 (45.85%) 1,807 (46.63%)

BMI 27.5 (24.4, 31.2) 27.5 (24.0, 32.5) 27.5 (24.5, 31.2) 0.7

BMI group 0.2

 Underweight (< 18.5) 52 (1.40%) 5 (2.02%) 47 (1.34%)

 Normal (18.5 to < 25) 1,178 (28.02%) 116 (30.15%) 1,062 (27.81%)

 Overweight (25 to < 30) 1,698 (38.81%) 128 (31.36%) 1,570 (39.53%)

 Obese (30 or greater) 1,344 (31.77%) 127 (36.47%) 1,217 (31.32%)

Creatinine (umol/L) 0.90 (0.70, 1.10) 0.90 (0.80, 1.10) 0.90 (0.70, 1.00) 0.004

Cystatin C (mg/L) 0.90 (0.79, 1.06) 1.04 (0.89, 1.28) 0.89 (0.78, 1.04) < 0.001

eGFR 81 (66, 95) 73 (54, 91) 81 (67, 95) < 0.001

SI 96 (81, 111) 87 (75, 99) 97 (82, 112) < 0.001

CRP (mg/dl) 0.27 (0.13, 0.55) 0.32 (0.15, 0.71) 0.26 (0.12, 0.54) 0.004

Total calorie intake(kcal) 1,677 (1,288, 2,165) 1,526 (1,182, 1,842) 1,700 (1,299, 2,183) < 0.001

Hypertension 2,975 (68.70%) 283 (75.83%) 2,692 (68.02%) 0.013

Heart Attack 437 (10.36%) 64 (16.21%) 373 (9.80%) < 0.001

Congestive Heart Failure 286 (6.44%) 55 (15.39%) 231 (5.58%) < 0.001

Arthritis 2,048 (50.37%) 239 (69.58%) 1,809 (48.52%) < 0.001

Chronic Bronchitis 308 (8.65%) 50 (14.27%) 258 (8.11%) 0.001

Stroke 321 (6.94%) 83 (23.74%) 238 (5.33%) < 0.001

Diabetes 1,042 (20.53%) 121 (28.27%) 921 (19.78%) 0.002

Table 1.  Characteristics of participants included in the study from the NHANES (1999 to 2004). Median 
(IQR) for continuous; n (%) for categorical. Wilcoxon rank-sum test for complex survey samples; chi-squared 
test with Rao & Scott’s second-order correction.
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mL/min/1.73m2. However, higher Cys C levels was strongly associated with higher odds of falls independent 
of age, disease status, and stage of kidney disease, suggested that cystatin C may impact fall risk through non-
kidney function pathways34. The ROC analysis demonstrated that the AUC for Cys C was significantly higher 
than that for Cre, eGFR, and SI, underscoring the importance of Cys C as a more reliable biomarker for assessing 
the likelihood of falls among older adults. Notably, the difference in predictive ability between Cys C and SI was 
not statistically significant in our subanalysis, suggesting that while SI may provide some insights into fall-related 
factors, it does not enhance the accuracy of assessment beyond what is offered by Cys C alone. Consistently with 
our finding, Potok et al.22 indicated that in the hypertensive population, higher levels of cystatin C relative to 

Fig. 1.  RCS curve for the association between Cys C, Cre, eGFR, or SI with the risk of fall. (a) the association 
between Cys C and fall; (b) the association between Cre and fall; (c) the association between eGFR and fall; 
(d) the association between SI and fall. Adjustment factors included age, gender, race, educational level, 
BMI, smoking quantity, alcohol consumption, calorie intake, stroke, diabetes, arthritis, chronic bronchitis, 
congestive heart failure, heart attack, liver condition, and hypertension. Abbreviations: RCS, restricted cubic 
spline; Cys C, cystatin C; Cre, creatinine; eGFR: estimated glomerular filtration rates; SI: sarcopenia index; 
BMI: body mass index.

 

All participants(n = 4,272)

Univariate Model 1 Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Cystatin C (mg/L) 1.24(1.17, 1.31) < 0.001 1.21(1.14, 1.29) < 0.001 1.20(1.13, 1.28) < 0.001 1.16(1.09, 1.23) < 0.001

Creatinine(mg/dL) 1.09(1.04, 1.15) 0.001 1.11(1.05, 1.18) < 0.001 1.11(1.04, 1.17) 0.001 1.07(1.01, 1.13) 0.024

SI 1.00(1.00, 1.00) 0.008 1.00(1.00, 1.00) 0.021 1.00(1.00, 1.00) 0.023 1.00(1.00, 1.00) 0.048

eGFR (mL/min/1.73m2) 1.00(1.00, 1.00) < 0.001 1.00(1.00, 1.00) < 0.001 1.00(1.00, 1.00) < 0.001 1.00(1.00, 1.00) 0.015

Participants eGFR ≥ 75mL/min/1.73m2 (n = 2,558)

Cystatin C (mg/L) 1.23(1.12, 1.36) < 0.001 1.23(1.10, 1.36) < 0.001 1.20(1.08, 1.33) < 0.001 1.17(1.05, 1.30) 0.006

Creatinine(mg/dL) 0.92(10.86, 0.99) 0.026 0.96(0.86, 1.07) 0.4 0.97(0.87, 1.08) 0.5 0.96(0.86, 1.08) 0.5

SI 1.00(1.00, 1.00) 0.006 1.00(1.00, 1.00) 0.018 1.00(1.00, 1.00) 0.022 1.00(1.00, 1.00) 0.045

eGFR (mL/min/1.73m2) 1.00(1.00, 1.00) 0.4 1.00(1.00, 1.00) 0.7 1.00(1.00, 1.00) 0.6 1.00(1.00, 1.00) 0.6

Table 2.  Logistic regression analysis and subgroup analysis for associations between Cys C, Cre, eGFR, and 
SI with fall. SI was defined as the ratio of serum creatinine (mg/mL) to cystatin C (mg/L): SI = (creatinine/ 
cystatin C) × 100. Model 1 adjusted for age, gender, BMI, and race. Model 2 adjusted for age, gender, BMI, 
race, educational level, smoking, alcohol drinking, and calorie intake. Model 3 adjusted for age, gender, BMI, 
race, educational level, smoking, alcohol drinking, calorie intake, stroke, diabetes, arthritis, chronic bronchitis, 
congestive heart failure, heart attack, liver condition, and hypertension.
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Fig. 2.  ROC curve and AUC of Cys C, Cre, eGFR, or SI for fall. (a) All participants. Red line represents Cys C 
(AUC 0.67, 95% CI 0.64 to 0.70), green line represents SI (AUC 0.62,95%CI:0.59 to 0.65), blue line represents 
Cre (AUC 0.56,95%CI:0.53 to 0.59), and purple line represents eGFR (AUC 0.60,95%CI:0.57 to 0.63). (b) 
Participants eGFR ≥ 75mL/min/1.73m2. Red line represents Cys C (AUC 0.64,95%CI:0.59 to 0.68), green line 
represents SI (AUC 0.63,95%CI:0.59 to 0.67), blue line represents Cre (AUC 0.54, 95% CI 0.50 to 0.58), and 
purple line represents eGFR (AUC 0.53, 95% CI 0.48 to 0.57). Abbreviations: Cys C, cystatin C; Cre, creatinine; 
eGFR: estimated glomerular filtration rates; SI: sarcopenia index.
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creatinine are associated with an increased risk of incident frailty and mortality. Li et al.35 constructed the mHAI 
scores based Cys C levels and suggested association with objective mobility limitations in the individuals aged 80 
years or older. Previous researchers proposed that inflammation was linked to increased serum Cys C levels34,36, 
which might correlate with decreased muscle mass and increased risk of falls. Petermann-Rocha37 showed its 
potential to screen sarcopenia both in men and women. A previous study has shown that baseline levels of 
cystatin C are associated with gait, balance, and strength in the Health ABC cohort38. Sarcopenia has been 
found to be positively correlated with SI, and lower SI levels have been identified as independent risk factors 
for cardiovascular events and poor prognosis37,39. We noted a lower intake of calories and a higher prevalence 
of stroke, heart failure, and arthritis in participants with lower SI and higher Cys C. Gielen et al.40 suggested an 
increase in the number of muscle mass among frail elderly patients following nutritional supplementation. In 
the sensitivity analysis, excluding patients with self-reported stroke and heart failure, and controlling for renal 
function, a significant association was observed with Cystatin C (OR: 1.17, 95% CI: 1.05, 1.31), whereas SI did 
not reach statistical significance (Table S1). Instead, we propose a readily available and time-effective laboratory 
test that may not only capture sarcopenia but also estimate the risk of falls. To our knowledge, this is the first 
study to analyze the association of cystatin C with falls using data from a large cross-sectional study based on 
NHANES.

However, there are some potential limitations to this study. First, self-reported recall bias for stroke and 
chronic heart failure diagnoses may exist, given that falls were asked to be recalled for the past year and might 
have been underestimated. Second, the cross-sectional design of the NHANES study limits our ability to 
establish causality between exposures and falls. The data were collected at a single time point, preventing us 
from determining whether changes in biomarkers such as Cys C and Cre precede or result from fall incidents. 
Third, despite adjusting for multiple potential confounders in our analyses, residual confounding from 
unmeasured covariates may still bias our results. Additionally, our analysis was based on biomarkers recorded 
only once, underscoring the need for longitudinal studies to explore how these biomarkers fluctuate over time. 
Understanding the trajectories of Cys C and Cre could provide valuable insights into their roles in fall risk 
and overall health. Moreover, conducting nutrition research would be beneficial to gain insight into the factors 
influencing the progression of these biomarkers and their implications for health41. Finally, it is essential to 
explore whether our present findings could be generalized to other populations besides the US population.

Conclusion
In conclusion, among a nationwide sampling of the older adults, we found that serum Cys C was strongly 
associated with self-reported and previous falls. In participants with eGFR > 75 mL/min/1.73m2, as cystatin C 
levels increase, the risk of falls also increases. This suggests that clinicians can gather information about patients’ 
overall health status solely by this marker which usually used to assess kidney function using.

Data availability
All data are publicly available and can be accessed at the NHANES website ​(​h​t​t​p​s​:​/​/​w​w​w​n​.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​a​n​e​s​
/​d​e​f​a​u​l​t​.​a​s​p​x​)​. Relevant R code is available upon request to the corresponding author.
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