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Background: Cre/BW has been widely validated as a reliable biomarker for assessing muscle mass in clinical and epidemiological studies. Accumulating evidence from longitudinal cohort studies has demonstrated a significant association between sarcopenia and progressive cognitive decline in aging populations. To further elucidate this relationship, we conducted a comprehensive analysis using data from a nationally representative survey.

Methods: This study utilized longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS), with baseline measurements collected in 2012 and follow-up assessments conducted in 2018. To comprehensively evaluate the association between Cre/BW and cognitive function, we employed a dual analytical approach. Cross-sectional analyses were performed using multivariable-adjusted linear regression models for continuous cognitive scores and logistic regression models for dichotomous cognitive outcomes. For longitudinal assessment, we implemented time-to-event analyses using Cox proportional hazards models, with rigorous adjustment for potential confounders including demographic characteristics, lifestyle factors, and comorbidities.

Results: Initial unadjusted linear regression analysis revealed a significant inverse association between Cre/BW ratio and total cognitive function score (β = −0.111, 95% CI: −0.013 to −0.008, p < 0.001). This association remained statistically significant after comprehensive adjustment for potential confounders, albeit with attenuated effect size (β = −0.052, 95% CI: −0.007 to −0.003, p < 0.001). When analyzing cognitive function scores by quartiles, we observed a consistent pattern where lower Cre/BW ratios were associated with better cognitive performance, even after multivariable adjustment (OR = 0.973, 95% CI: 0.951 to 0.996, p = 0.019). Longitudinal analysis using Cox proportional hazards models demonstrated that higher Cre/BW ratios were significantly associated with increased risk of cognitive impairment (HR = 1.207, 95% CI: 1.073 to 1.359, p = 0.002). Notably, participants in the highest Cre/BW quartile showed a 1.118-fold increased risk of cognitive impairment compared to those in the lowest quartile (95% CI: 1.048 to 1.346, p = 0.007), suggesting a dose–response relationship between Cre/BW ratio and cognitive outcomes.

Conclusion: Our findings demonstrate a significant inverse association between Cre/BW and cognitive function in the general Chinese adult population. Longitudinal analysis revealed that elevated Cre/BW ratio serves as an independent risk factor for cognitive impairment, with this association persisting after extended follow-up and comprehensive adjustment for potential confounding factors.
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Introduction

Mild cognitive impairment (MCI) represents a transitional clinical state between normal age-related cognitive decline and dementia (1). Individuals with MCI exhibit measurable cognitive deficits, particularly in memory, executive function, language, praxis, and visuospatial skills, while maintaining relatively preserved activities of daily living compared to cognitively normal individuals of similar age and educational background (2). The neurocognitive profile of MCI varies depending on the underlying etiology and the specific brain regions affected (3). Epidemiological studies indicate that MCI has a global prevalence of 15.56%, with an annual conversion rate to dementia ranging from 8 to 15% (4). Dementia, currently ranked as the seventh leading cause of mortality worldwide, represents a major contributor to disability and dependency among older adults, imposing substantial burdens on both healthcare systems and society at large. Given the progressive nature of cognitive decline and the limited efficacy of current therapeutic interventions for advanced dementia, early identification and preventive strategies for MCI have become crucial priorities in clinical practice and public health policy.

Sarcopenia is a progressive and systemic skeletal muscle disorder characterized by the accelerated loss of muscle mass and function, which significantly impacts physical performance and quality of life (5). Creatinine (Cre), a metabolic byproduct of phosphocreatine in skeletal muscle, is routinely used as a biomarker for kidney function. However, since Cre production is directly proportional to skeletal muscle mass, it also serves as a reliable, cost-effective, and widely accessible surrogate marker for muscle mass in individuals with normal renal function (6, 7). Emerging evidence suggests a potential link between sarcopenia and accelerated cognitive decline, highlighting the interplay between musculoskeletal health and neurodegenerative processes (5, 8). Building on these findings, our current study aims to explore the relationship between circulating creatinine levels and cognitive decline in a Chinese population. This investigation seeks to identify accessible and economical blood-based biomarkers for the early detection of cognitive impairment, which could facilitate timely interventions and improve clinical outcomes.



Materials and methods


Study population

This research was carried out utilizing data from the China Health and Retirement Longitudinal Study (CHARLS) database. CHARLS is a longitudinal survey that tracks a cohort of individuals aged 45 and older, as well as their spouses, in order to provide a representative sample of the Chinese population (9). The first data collection phase of the China Health and Retirement Longitudinal Study (CHARLS) occurred between June 2011 and March 2012, involving biennial computer-assisted personal interviews with participants. The research protocol and implementation were approved by the Biomedical Ethics Review Committee of Peking University (IRB00001052-11015), and all individuals involved in the study gave their informed consent. Additional information can be obtained from the official CHARLS project website. In this study, data from the initial survey and the third follow-up survey (wave 4, 2018) were collected and examined. The study population was rigorously selected through a two-stage screening process using the following exclusion criteria: (1) participants with missing baseline data on cognitive function assessments, serum creatinine levels, or body weight measurements; (2) individuals exhibiting pre-existing cognitive impairment at baseline, as determined by standardized diagnostic criteria. Finally, the cross-sectional analysis included a total of 6,489 participants who met the inclusion criteria, for the longitudinal assessment, we established a final cohort of 3,748 eligible participants after excluding individuals with missing cognitive function data in the fourth wave of follow-up. Figure 1 presents a detailed flowchart illustrating the participant selection process.
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FIGURE 1
 Flow chart of the study sample from the China Health and Retirement Longitudinal Study (CHARLS).




Measurement of cognitive function

Cognitive function was evaluated in a manner consistent with the methodology employed by the American Health and Retirement Study (HRS). A comprehensive assessment was conducted in person, encompassing four key cognitive domains: orientation, memory, computation, and drawing. Orientation and computation were specifically measured using the Telephone Interview for Cognitive Status (TICS). The assessment of orientation involved questions pertaining to temporal awareness, such as the year, month, day, day of the week, and current season, with participants receiving one point for each correct response. In the computation component, individuals were required to perform a series of calculations by subtracting 7 from 100 five times, with one point allocated for each accurate deduction. In the study, each participant was provided with a set of ten words for immediate recollection, and their memory performance was assessed by summing up the scores for immediate and delayed word recall, with one point awarded for each correctly remembered word. Drawing proficiency was evaluated through the replication of a complex image featuring two overlapping pentacle stars, with one point allocated for precise reproduction. The comprehensive cognitive assessment score was derived by aggregating scores from orientation (5 points), computation (5 points), memory (20 points), and drawing (1 point), culminating in a total score of 31 points (10). Cognitive impairment was operationally defined in this study based on the Mini-Mental State Examination (MMSE) scores. Specifically, individuals with no formal education were categorized as cognitively impaired if their MMSE score was less than 18, while those with primary education were considered impaired if their MMSE score was less than 21. Subjects with secondary school education or higher were classified as cognitively impaired if their MMSE score was less than 25. Conversely, individuals with MMSE scores above these thresholds were deemed to have normal cognitive abilities (11).



Measurement of the Cre/BW ratio

A comprehensive questionnaire was employed to collect data pertaining to demographic characteristics, lifestyle behaviors, and medical history. Height measurements were taken with an accuracy of 0.1 cm, while weight measurements were recorded with a precision of 0.1 kg. Participants were directed to wear light clothing and refrain from wearing shoes during the measurements. The Jaffe kinetic rate technique was utilized to assess Serum Creatinine (Cre) levels. The Cre/BW ratio was calculated by dividing the Cre value in milligrams per deciliter (mg/dL) by the participant’s weight in kilograms.



Other variables

Other indicators included were age, gender, height, weight, education, smoking and alcohol status, and chronic diseases (hypertension, diabetes, cancer, stroke, heart disease, lung disease, liver disease, and kidney disease).



Statistical analysis

The study presented continuous variables using means and standard deviations (SD), and categorical variables were represented using numbers and percentages. Between-group comparisons for continuous variables were conducted using the independent sample t-test, while differences among four groups were assessed using one-way analysis of variance (ANOVA). The chi-squared test was employed to identify differences among groups for categorical variables. Unaltered and modified linear regression analyses were utilized to investigate the association between Cre/BW and cognitive function. Subsequently, unaltered and adjusted logistic regression analyses were conducted to assess the connection, with Cre/BW quartiles serving as the independent variables and cognitive function (Q4 vs. Q1) as the dependent variables. Logistic regression analysis was employed to compute the odds ratio (OR) and 95% confidence interval (CI). We utilized univariate and multivariate Cox proportional hazard models to evaluate the association between the Cre/BW ratio and the likelihood of cognitive impairment. The Kaplan–Meier method was employed to conduct survival analysis across the various groups.

To adequately address missing data, we generated 10 imputed data sets with the multiple imputation method by chained equations and reanalyzed such associations. All statistical analyses were performed using IBM SPSS Statistics 26. Statistical differences were considered significant when the calculated p-value was less than 0.05.




Results


Baseline characteristics of the patients

The baseline characteristics of individuals chosen based on quartiles of the Cre/BW ratio are presented in Table 1. A total of 6,489 participants were included in this study. Substantial variations were observed among the four groups with respect to age, body weight, cognitive function scores and past medical history. The analysis of data from the four groups revealed that the Q4 group exhibited a higher average age and lower average weight in comparison to the other groups, with statistical significance observed for all comparisons (p < 0.001). Additionally, immediate recall, delayed recall, orientation, computation, and drawing variables examined were lower in the Q4 group relative to the other groups, and this group displayed the lowest average total cognitive function score among the Q4 group (Figure 2).



TABLE 1 Baseline characteristics of study participants according to quartiles of Cre/BW ratio.
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FIGURE 2
 Average cognition scores between groups divided by Cre/BW quartiles. * means p < 0.05, *** means p < 0.001.




Linear regression analysis of Cre/BW ratio and cognitive impairment

In order to explore the association between Cre/BW and cognitive function, a linear regression model was constructed. In the unadjusted model, a lower ratio of Cre/BW was found to be positively correlated with better cognitive performance across five domains: orientation, immediate recall, computation, drawing, and delayed recall (β = −0.111, 95 CI%: −0.013 to −0.008, p < 0.001). Upon controlling for confounding variables, a significant negative correlation was observed between Cre/BW and immediate recall, computation, delayed recall, as well as total cognitive function score (β = −0.052, 95 CI%: −0.007 to −0.003, p < 0.001) in Table 2.



TABLE 2 Linear regression models for correlations between cre/BW and cognitive function scores.
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Logistic regression analysis of Cre/BW ratio and cognitive impairment

In the analysis utilizing total cognitive function scores as a categorical variable (Q4 vs. Q1), a negative association was observed between Cre/BW and cognitive function scores in unadjusted logistic regression models (OR = 0.939, 95% CI: 0.923 to 0.955, p < 0.001). This correlation retained its significance even after controlling for potential confounding variables, such as age, gender, education, smoking, alcohol consumption, and chronic diseases (OR = 0.973, 95% CI: 0.951 to 0.996, p = 0.019) (Table 3).



TABLE 3 Binary logistic regression models for correlations between Cre/BW and cognitive function.
[image: Table3]



COX survival analysis of Cre/BW ratio and cognitive impairment

Cox proportional hazard models were employed to evaluate the independent effects of the Cre/BW ratio on the risk of developing cognitive impairment, utilizing both univariate and multivariate analyses. The results, as detailed in Table 4, include effect sizes represented by HR and 95% CI. The unadjusted model indicated a positive correlation between the Cre/BW ratio and the incidence of cognitive impairment, yielding an (HR = 1.222, 95% CI: 1.117 to 1.336, p < 0.001). Following adjustments for variables such as age, sex, height, BMI, alcohol consumption, smoking status, and chronic diseases, the multivariate analysis maintained this positive association, with an (HR = 1.207, 95% CI: 1.073 to 1.359, p = 0.002). Furthermore, participants in the highest quartile of the Cre/BW ratio exhibited an increased likelihood of developing cognitive impairment compared to those in the lowest quartile (HR = 1.118, 95% CI: 1.048 to 1.346, p = 0.007).



TABLE 4 Relationship between Cre/BW ratio and incident cognitive impairment in different models.
[image: Table4]

The Kaplan–Meier curve analysis indicated a significant difference in the cumulative risk of developing cognitive impairment across the quartiles of the Cre/BW ratio (logrank test, p < 0.0001). Furthermore, the risk exhibited a gradual increase corresponding to higher Cre/BW ratios, culminating in the highest risk of cognitive impairment observed in the upper quartile (Figure 3).
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FIGURE 3
 Kaplan–Meier analysis of cognitive impairment risk according to Cre/Bw ratio.





Discussion

Sarcopenia is a geriatric syndrome characterized by the progressive and generalized loss of skeletal muscle mass and function, which is strongly associated with increased morbidity, mortality, and reduced quality of life (12). Based on the most widely accepted diagnostic criteria, the prevalence of sarcopenia is estimated to range from 5 to 13% in individuals aged 60–70 years, escalating significantly to 11–50% in those over 80 years of age. Alarmingly, epidemiological projections suggest that the global burden of sarcopenia could affect up to two billion individuals by 2050, underscoring its growing public health significance (12). The diagnosis of sarcopenia requires a comprehensive evaluation of three key components: muscle mass, muscle strength, and physical performance, as recommended by international consensus guidelines (13).

Cre is a well-established biomarker for skeletal muscle mass, demonstrating a strong positive correlation with the total quantity of skeletal muscle in the body. Studies have shown that the body mass-adjusted skeletal muscle mass index (SMI) is positively associated with the creatinine-to-body weight ratio (Cre/BW). Notably, prior research utilizing Cre/BW as a surrogate measure of muscle mass has identified significant associations between sarcopenia and an increased risk of non-alcoholic fatty liver disease (NAFLD) and diabetes mellitus. Building on these findings, we sought to investigate the relationship between sarcopenia and cognitive impairment, employing Cre/BW as a practical and accessible proxy for muscle mass. In this study, we observed that lower Cre/BW levels were independently associated with better cognitive performance, as evidenced by both linear and logistic regression analyses after adjusting for potential confounders. These results align with previous studies demonstrating a link between sarcopenia and accelerated cognitive decline, further underscoring the interplay between musculoskeletal health and neurodegenerative processes (8, 14–16). Our study revealed a significant inverse association between Cre/BW and cognitive function. Cross-sectional analysis demonstrated that Cre/BW was negatively correlated with cognitive performance scores, and this relationship remained robust after comprehensive adjustment for potential confounders, including age, gender, educational attainment, smoking status, alcohol consumption, and comorbidities. To elucidate the potential causal relationship between Cre/BW and cognitive decline, we performed longitudinal analyses, which identified Cre/BW as an independent risk factor for mild cognitive impairment (MCI). Notably, in the fully adjusted model, participants in the highest quartile of Cre/BW showed a 1.18-fold increased risk of developing MCI compared to those in the lowest quartile. These findings are consistent with existing literature documenting the association between sarcopenia and cognitive impairment. Considering the multifactorial nature of sarcopenia diagnosis, which requires comprehensive multidimensional assessment, our study provides novel evidence that Cre/BW, as a surrogate marker for sarcopenia, demonstrates significant concordance with previous investigations in this field.

The estimated prevalence of MCI in individuals aged 65 years and older ranges from 3 to 22% across different populations and diagnostic criteria (1, 17). Accumulating evidence from recent epidemiological studies underscores the critical importance of early detection and accurate diagnosis of MCI. Early identification of cognitive decline enables timely implementation of targeted interventions, which may not only delay the progression to dementia but also potentially prevent further neurodegeneration. This therapeutic window, occurring before substantial neurological damage has accumulated, represents a crucial opportunity for implementing effective preventive strategies and preserving cognitive function in aging populations (18, 19). Current diagnostic approaches for MCI primarily rely on neuropsychological assessments, particularly the Brief Cognitive Assessment Tool, due to the lack of validated biomarkers or reliable hematological indicators for routine clinical use (20, 21). Our study provides novel insights through the identification of both cross-sectional and longitudinal associations between the Cre/BW and MCI, suggesting its potential utility as a quantitative marker for early detection of cognitive impairment. Furthermore, we established a significant correlation between sarcopenia and MCI, supported by robust epidemiological evidence. These findings not only advance our understanding of the pathophysiological link between musculoskeletal health and cognitive function but also pave the way for developing targeted prevention strategies in at-risk older populations.

The precise pathophysiological mechanisms underlying sarcopenia and MCI remain incompletely understood. Emerging evidence suggests (22–25) that estrogen deficiency may represent a shared etiological factor contributing to both osteoporosis and cognitive decline. As a pleiotropic hormone, estrogen plays crucial roles not only in maintaining bone homeostasis but also in neuroprotection. The decline in estrogen levels, particularly during the postmenopausal period, has been associated with accelerated bone loss and cognitive dysfunction. Mechanistic studies have demonstrated that estrogen exerts neuroprotective effects through multiple pathways, including the suppression of neuronal apoptosis, attenuation of oxidative stress, and modulation of neuroinflammatory responses (26).

Emerging evidence suggests that inflammatory pathways and metabolic dysregulation may serve as critical mediators in the bidirectional relationship between osteoporosis and cognitive impairment (27). Chronic low-grade inflammation, characterized by persistent elevation of pro-inflammatory cytokines (e.g., IL-6, TNF-α), and metabolic syndrome components, including insulin resistance, hypertension, and dyslipidemia, have been identified as shared risk factors for both conditions. A meta-analysis reveal a significant co-occurrence of systemic inflammation and metabolic disturbances in osteoporotic patients, with these pathological processes potentially synergistically accelerating cognitive decline through multiple mechanisms (23).

Nutritional status and lifestyle factors have emerged as potentially modifiable elements in the complex interplay between osteoporosis and cognitive impairment (28). Epidemiological studies demonstrate that suboptimal nutrition represents a significant shared risk factor for both conditions, particularly in aging populations (29, 30). Current evidence suggests that adequate caloric intake and optimal protein consumption (1.0–1.2 g/kg body weight/day) are crucial for maintaining musculoskeletal health and cognitive function in older adults (31). Furthermore, micronutrient deficiencies, particularly in vitamin D, calcium, and B vitamins, have been implicated in the pathogenesis of both bone loss and cognitive decline (32–34).

Additionally, some research suggests that exercise-induced myokines may play a pivotal role in mediating the beneficial effects of physical activity on cognitive function. Skeletal muscle, when activated through regular physical activity, functions as an endocrine organ, secreting various cytokines and neurotrophic factors, collectively termed myokines. These myokines can cross the blood–brain barrier and exert neuroprotective effects through multiple mechanisms, including the promotion of neurogenesis, enhancement of synaptic plasticity, and reduction of neuroinflammation (35, 36).

This research possesses several notable strengths. Firstly, the employment of a nationally representative longitudinal survey of older adults in China enhances the robustness of the extrapolation of findings. Secondly, this study is pioneering in its investigation of the association between cognitive impairment and the variables of Cre/BW, utilizing both cross-sectional and longitudinal analyses while controlling for various confounding factors.

Despite its contributions, our study has several limitations that warrant careful consideration. First, the generalizability of our findings may be limited, as the study population exclusively comprised Chinese participants. This restricts the extrapolation of our results to other ethnic groups and underscores the need for validation in more diverse populations. Second, our analysis did not account for certain potential confounding factors, such as nutritional status and physical activity levels. Third, the absence of baseline data necessitated the exclusion of a substantial number of participants, potentially introducing selection bias, despite our efforts to mitigate this through sensitivity analyses. Fourth, while the longitudinal analysis demonstrated a more robust association between the Cre/BW and MCI compared to the cross-sectional analysis, the precise biological mechanisms underlying this relationship remain elusive. To address these limitations, further experimental studies are warranted to validate the observed association and elucidate the causal pathways linking skeletal muscle health to cognitive decline.



Conclusion

In summary, we utilized the CHARLS database to investigate the relationship between Cre/BW levels and cognitive function among the middle-aged and older population in China, thereby contributing new evidence to support a causal link between these variables.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: China Health and Retirement Longitudinal Study (https://charls.pku.edu.cn/).



Ethics statement

This study was based on publicly available datasets (CHARLS). Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the participants or the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements. CHARLS was approved by the Biomedical Ethics Review Committee of Peking University (IRB00001052-11015); the patients/participants provided their written informed consent to participate in this study.



Author contributions

SL: Formal analysis, Writing – original draft. MQ: Formal analysis, Investigation, Software, Writing – review & editing. YW: Data curation, Formal analysis, Investigation, Writing – review & editing. XLu: Methodology, Project administration, Writing – review & editing. XLi: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We express our gratitude to the Behavioral and Social Research division of the National Institute on Aging, the Natural Science Foundation of China, the World Bank, and Peking University for their financial support. Additionally, we acknowledge the contributions of the CHARLS research and field team, as well as all participants in the study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Sanford, AM. Mild cognitive impairment. Clin Geriatr Med. (2017) 33:325–37. doi: 10.1016/j.cger.2017.02.005 

 2. McCollum, L, and Karlawish, J. Cognitive impairment evaluation and management. Med Clin North Am. (2020) 104:807–25. doi: 10.1016/j.mcna.2020.06.007

 3. Bai, W, Chen, P, Cai, H, Zhang, Q, Su, Z, Cheung, T , et al. Worldwide prevalence of mild cognitive impairment among community dwellers aged 50 years and older: a meta-analysis and systematic review of epidemiology studies. Age Ageing. (2022) 51. doi: 10.1093/ageing/afac173

 4. Alzheimer’s & dementia. 2023 Alzheimer's disease facts and figures. Alzheimers Dement. (2023) 19:1598–695. doi: 10.1002/alz.13016 

 5. Yang, Y, Da, J, Yuan, J, and Zha, Y. One-year change in sarcopenia was associated with cognitive impairment among haemodialysis patients. J Cachexia Sarcopenia Muscle. (2023) 14:2264–74. doi: 10.1002/jcsm.13311 

 6. He, J, Gao, L, and Mai, L. Association between creatinine to body weight ratio and all-cause mortality: a cohort study of NHANES. Ren Fail. (2023) 45:2251592. doi: 10.1080/0886022x.2023.2251592 

 7. He, J. Creatinine-to-body weight ratio is a predictor of incident diabetes: a population-based retrospective cohort study. Diabetol Metab Syndr. (2022) 14:7. doi: 10.1186/s13098-021-00776-8 

 8. Hu, Y, Peng, W, Ren, R, Wang, Y, and Wang, G. Sarcopenia and mild cognitive impairment among elderly adults: the first longitudinal evidence from CHARLS. J Cachexia Sarcopenia Muscle. (2022) 13:2944–52. doi: 10.1002/jcsm.13081 

 9. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 

 10. Crimmins, EM, Kim, JK, Langa, KM, and Weir, DR. Assessment of cognition using surveys and neuropsychological assessment: the health and retirement study and the aging, demographics, and memory study. J Gerontol B Psychol Sci Soc Sci. (2011) 66:i162–71. doi: 10.1093/geronb/gbr048 

 11. Pu, L, Pan, D, Wang, H, He, X, Zhang, X, Yu, Z , et al. A predictive model for the risk of cognitive impairment in community middle-aged and older adults. Asian J Psychiatr. (2023) 79:103380. doi: 10.1016/j.ajp.2022.103380 

 12. Haase, CB, Brodersen, JB, and Bülow, J. Sarcopenia: early prevention or overdiagnosis? BMJ (Clinical research ed). (2022) 376:e052592. doi: 10.1136/bmj-2019-052592 

 13. Cruz-Jentoft, AJ, and Sayer, AA. Sarcopenia. Lancet (London, England). (2019) 393:2636–46. doi: 10.1016/s0140-6736(19)31138-9

 14. Yuan, S, and Larsson, SC. Epidemiology of sarcopenia: prevalence, risk factors, and consequences. Metab Clin Exp. (2023) 144:155533. doi: 10.1016/j.metabol.2023.155533 

 15. Peng, T-C, Chen, W-L, Wu, L-W, Chang, Y-W, and Kao, T-W. Sarcopenia and cognitive impairment: a systematic review and meta-analysis. Clinical nutrition (Edinburgh, Scotland). (2020) 39:2695–701. doi: 10.1016/j.clnu.2019.12.014

 16. Yang, Y, Xiao, M, Leng, L, Jiang, S, Feng, L, Pan, G , et al. A systematic review and meta-analysis of the prevalence and correlation of mild cognitive impairment in sarcopenia. J Cachexia Sarcopenia Muscle. (2023) 14:45–56. doi: 10.1002/jcsm.13143 

 17. Petersen, RC. Clinical practice. Mild cognitive impairment. N Engl J Med. (2011) 364:2227–34. doi: 10.1056/NEJMcp0910237 

 18. Yan, M, Zhao, Y, Meng, Q, Wang, S, Ding, Y, Liu, Q , et al. Effects of virtual reality combined cognitive and physical interventions on cognitive function in older adults with mild cognitive impairment: a systematic review and meta-analysis. Ageing Res Rev. (2022) 81:101708. doi: 10.1016/j.arr.2022.101708 

 19. Whitty, E, Mansour, H, Aguirre, E, Palomo, M, Charlesworth, G, Ramjee, S , et al. Efficacy of lifestyle and psychosocial interventions in reducing cognitive decline in older people: systematic review. Ageing Res Rev. (2020) 62:101113. doi: 10.1016/j.arr.2020.101113 

 20. Jongsiriyanyong, S, and Limpawattana, P. Mild cognitive impairment in clinical practice: a review article. Am J Alzheimers Dis Other Dement. (2018) 33:500–7. doi: 10.1177/1533317518791401 

 21. Mielke, MM, and Fowler, NR. Alzheimer disease blood biomarkers: considerations for population-level use. Nature reviews. Neurology. (2024) 20:495–504. doi: 10.1038/s41582-024-00989-1 

 22. Safer, U, Safer, VB, Demir, SO, and Yanikoglu, I. Effects of bisphosphonates and calcium plus vitamin-D supplements on cognitive function in postmenopausal osteoporosis§. Endocr Metab Immune Disord Drug Targets. (2016) 6:56–60. doi: 10.2174/1871530316666160330105952 

 23. Chang, K-V, Hsu, T-H, Wu, W-T, Huang, K-C, and Han, D-S. Association between sarcopenia and cognitive impairment: a systematic review and Meta-analysis. J Am Med Dir Assoc. (2016) 17:1164.e7–1164.e15. doi: 10.1016/j.jamda.2016.09.013 

 24. Jett, S, Malviya, N, Schelbaum, E, Jang, G, Jahan, E, Clancy, K , et al. Endogenous and exogenous estrogen exposures: how Women's reproductive health can drive brain aging and inform Alzheimer's prevention. Front Aging Neurosci. (2022) 14:831807. doi: 10.3389/fnagi.2022.831807 

 25. Zhang, P, Zhou, Y, Chen, G, Li, J, Wang, B, and Lu, X. Potential association of bone mineral density loss with cognitive impairment and central and peripheral amyloid-β changes: a cross-sectional study. BMC Musculoskelet Disord. (2022) 23:626. doi: 10.1186/s12891-022-05580-7 

 26. Chen, L, Zou, L, Chen, J, Wang, Y, Liu, D, Yin, L , et al. Association between cognitive function and body composition in older adults: data from NHANES (1999-2002). Front Aging Neurosci. (2024) 16:1372583. doi: 10.3389/fnagi.2024.1372583 

 27. Sui, SX, Williams, LJ, Holloway-Kew, KL, Hyde, NK, Anderson, KB, Tembo, MC , et al. Skeletal muscle density and cognitive function: a cross-sectional study in men. Calcif Tissue Int. (2021) 108:165–75. doi: 10.1007/s00223-020-00759-3 

 28. Steffl, M, Bohannon, RW, Sontakova, L, Tufano, JJ, Shiells, K, and Holmerova, I. Relationship between sarcopenia and physical activity in older people: a systematic review and meta-analysis. Clin Interv Aging. (2017) 12:835–45. doi: 10.2147/cia.S132940 

 29. Beauchet, O, Launay, CP, Galery, K, Vilcocq, C, Dontot-Payen, F, Rousseau, B , et al. Effects of vitamin D and calcium fortified yogurts on Gait, cognitive performances, and serum 25-Hydroxyvitamin D concentrations in older community-dwelling females: results from the GAit, MEmory, dietary and vitamin D (GAME-D2) randomized controlled trial. Nutrients. (2019) 11. doi: 10.3390/nu11122880 

 30. McGrattan, AM, McGuinness, B, McKinley, MC, Kee, F, Passmore, P, Woodside, JV , et al. Diet and inflammation in cognitive ageing and Alzheimer's disease. Curr Nut Rep. (2019) 8:53–65. doi: 10.1007/s13668-019-0271-4 

 31. Bauer, J, Biolo, G, Cederholm, T, Cesari, M, Cruz-Jentoft, AJ, Morley, JE , et al. Evidence-based recommendations for optimal dietary protein intake in older people: a position paper from the PROT-AGE study group. J Am Med Dir Assoc. (2013) 14:542–59. doi: 10.1016/j.jamda.2013.05.021 

 32. Holick, MF, Binkley, NC, Bischoff-Ferrari, HA, Gordon, CM, Hanley, DA, Heaney, RP , et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96:1911–30. doi: 10.1210/jc.2011-0385 

 33. Smith, AD, Smith, SM, Jager, CA, Whitbread, P, Johnston, C, Agacinski, G , et al. Homocysteine-lowering by B vitamins slows the rate of accelerated brain atrophy in mild cognitive impairment: a randomized controlled trial. PLoS One. (2010) 5:e12244. doi: 10.1371/journal.pone.0012244 

 34. Volkert, D, Beck, AM, Cederholm, T, Cruz-Jentoft, A, Goisser, S, Hooper, L , et al. ESPEN guideline on clinical nutrition and hydration in geriatrics. Clin Nutr. (2019) 38:10–47. doi: 10.1016/j.clnu.2018.05.024 

 35. Scisciola, L, Fontanella, RA, Surina, CV, Paolisso, G, and Barbieri, M. Sarcopenia and cognitive function: role of Myokines in muscle brain cross-talk. Life (Basel, Switzerland). (2021) 11:11. doi: 10.3390/life11020173

 36. Stillman, CM, Cohen, J, Lehman, ME, and Erickson, KI. Mediators of physical activity on neurocognitive function: a review at multiple levels of analysis. Front Hum Neurosci. (2016) 10:626. doi: 10.3389/fnhum.2016.00626 


Copyright
 © 2025 Li, Qi, Wang, Lu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1494916-t002.jpg
Outcomes

Immediate
recall

Delayed recall
Orientation
Computation

Drawing

Total cognitive

function score

Model 1

B (95%cl)
-029
(~0.035 ~ ~0.023)

-0023
(~0.029 ~ ~0.018)
~0043
(~0.028 ~ ~0.007)
~0032
(~0.016 ~ ~0.002)
~0037
(~0.054 ~ ~0.011)
~0a11
(~0.013 ~ ~0.008)

Model 1: Unadjusted model.
Model 2: Adjusted model or age, gender, education, smoking, alcohol consumption, and
chronic diseases (hypertension, diabetes, cancer, history of stroke, heart problems, lung

isease, liver discase, and kidney disease).

<0.001

<0.001

<0001

0.009

0.003

<0001

Model 2
B (95%cl)
~0046
(=0.017 ~ ~0.006)
~0027
(~0.012~ ~0.001)
~0.001
(~0.010 ~ 0.009)
~0042
(~0.018 ~ ~0.005)
oon
(=0.031~0.012)
~0052
(~0.007 ~ ~0.003)

<0.001

0.026

0919

<0.001

0.365

<0.001





OPS/images/fpubh-13-1494916-t003.jpg
Outcomes Model 1 Model 2

OR (95%cl) OR (95%cl)
Total cognitive function score (Q2vs. Q1) 0989 0217 0.988 0233
(0.972-1.006) (0.968-1.008)
Total cognitive function score (Q3 vs. Q1) 0965 <0.001 0.980 0.068
(0.948-0.983) (0.959-1.002)
Total cognitive function score (Q4 vs. Q1) 0939 <0.001 0.966 0.006
(0:923-0.955) (0.942-0.990)

Model 1: Unadjusted model.
Model 2: Adjusted model for age, gender, education, smoking, lcohol consumption, and chronic diseases (hypertension, diabetes, cancer,history of stroke, heart problems, lung disease, liver
isease, and kidney disease)






OPS/images/fpubh-13-1494916-g003.jpg
-t
Q2
-~ Q3

p <0.0001

S § s S 2 23 3 8 8 ¢
€ 8 8 R 888 §F 8 & 2

JusuLIeduy SARMI0d 1o JUIPPUT

74 75

73

72

6.9 7.0 2
Follow-up(year)

6.8

6.7

6.6





OPS/images/fpubh-13-1494916-t001.jpg
Q1(<1.086)

Q2 (>1.086
t0<1.290)

Q3 (>1.290
t0<1.538)

p-value

Number
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m?)
Immediate recall
Delayed recall
Orientation

Computation

Drawing

‘Woman
Smoking
Alcohol drinking status
Education
Not receiving education
Primary education
Secondary education and above
Hypertension
Diabetes
Cancer
Lung diseases
Liver diseases
Heart diseases.
Stroke

Kidney diseases

1614
55,78+ 7.68
15970 £ 8.08
6850+ 1212
26834427
461£1.60
384+ 168
3284093
383143
0754043

063£0.12

500 (30.9)
1,118 (69.1)
473 (27.0)

457 (28.2)

559 (34.5)
387 (23.9)
675 (41.6)
490 (30.3)
133 (8.3)
4(15)
97 (6.0)
55(3.4)
208(12.9)
21013)

91(5.6)

1614
57.32+825
159,69 +8.39
62.16+9.69
2435300
4445153
3774165
3244094
3894137
0764042

0744011

756 (46.6)
865 (53.4)
612(37.8)

530 (327)

540(33.3)
388 (23.9)
693 (42.8)
390 (24.3)
105 (65)
17011
152(9.4)
62(39)
203 (12.6)
30(1.9)

86(53)

1614
59154851
15934 £ 8.40
58.0948.79
2834272
4435152
3644 160
320097
3844139
0734045

081£0.12

908 (56.0)
712(44.0)
739 (45.6)

663 (41.1)

599(37.0)
415 (25.6)
607 (37.4)
353 (21.9)
76(4.7)
1107
167(10.3)
79.(49)
165(10.2)
38(24)

102(6.3)

1477
62874929
157.88 £ 8.02
52854 8.67
21164275
4145154
3474156
318095
378140
0724045

0974021

1,105 (68.2)
515(31.8)
910 (56.1)

617 (38.1)

660 (40.7)
460 (28.4)
501 (30.9)
342(21.2)
60(37)
1308)
217 (13.4)
68(42)
187 (116)
31(19)

147 (9.1)

<0001
<0001
<0001
<0001
<0001
<0001
0021

0.149

0.013

<0001

<0.001

<0001

<0001

<0001
<0001
0.106
<0001
0115
0073
0119

<0001





OPS/images/fpubh-13-1494916-t004.jpg
Variable Model 1 Model 2

HR (95% CI) HR (95% CI) p value
Cre/BW ratio (x100) 1.222(1.117, 1.336) <0.001 1.207 (1,073, 1.359) 0.002
Q Ref Ref Ref Ref
Q2 1.011 (0.923, 1.107) 0.819 0.993 (0.901, 1.095) 0.886
Qa3 1.065 (0.971, 1.168) 0.184 1.047 (0.940, 1.166) 0.402
Q4 1.216 (1.106, 1.337) <0.001 1.188 (1.048, 1.346) 0.007

Model 1: Unadjusted model.

Model 2: Adjusted model for age, gender, height, BMI, smoking, alcohol consumption, and chronic diseases (hypertension, diabetes, cancer, history of stroke, heart problems, lung disease,
iver disease, and kidney disease).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between cognitive function and Cre/BW in middle-aged and older Chinese adults: evidence from the CHARLS



		Introduction



		Materials and methods



		Study population



		Measurement of cognitive function



		Measurement of the Cre/BW ratio



		Other variables



		Statistical analysis









		Results



		Baseline characteristics of the patients



		Linear regression analysis of Cre/BW ratio and cognitive impairment



		Logistic regression analysis of Cre/BW ratio and cognitive impairment



		COX survival analysis of Cre/BW ratio and cognitive impairment









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-13-1494916-g001.jpg
25586 Respondents in 2012 CHARLS survey<

19,079 researchers.

excluded due to missing

studye

Atotal of 6,489 people were
included in the cross-sectional

2,741 patients lost to
follow-up within 5 years

Atotal of 3,748 people were
included in the longitudinal study<






OPS/images/fpubh-13-1494916-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Association between cognitive
function and Cre/BW in
middle-aged and older Chinese
adults: evidence from the
CHARLS












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






