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Sarcopenia is highly prevalent in patients with advanced chronic kidney disease (CKD), yet a reliable serum index has not been established. The product of serum creatinine and the estimated glomerular filtration rate based on cystatin C (Cr×eGFRcys) was recently proposed as a sarcopenia index (SI), approximately to 24-h filtered creatinine through the glomerulus. We aimed to evaluate the diagnostic validity of the novel SI in advanced CKD. In 297 patients with non-dialysis stage 3b-5 CKD, aged 68.8 ± 12.9 years, the total skeletal muscle mass (SMM), handgrip strength (HGS), and usual gait speed were assessed. Sarcopenia was defined based on the Asian Working Group for Sarcopenia 2019 consensus update. The prevalence of sarcopenia in this cohort was 20.2%. The SI correlated moderately with SMM (r = 0.503, P < 0.001), HGS (r = 0.508, P < 0.001), and gait speed (r = 0.381, P < 0.001); the independency of the SI with three muscle metrics was confirmed after extensive adjustment. For sarcopenia prediction, the SI had acceptable discriminative powers in males [area under the receiver operating characteristic curve (AUC) 0.646, 95% confidence interval (CI) 0.569–0.718] and females (AUC 0.754, 95% CI 0.670–0.826). In males, the best cut-off was 53.9, which provided 71.1% sensitivity, 58.0% specificity, 32.9% positive predictive value (PPV), and 87.4% negative predictive value (NPV); in females, the best cut-off was 45.8, which provided 81.8% sensitivity, 62.3% specificity, 31.0% PPV, and 94.3% NPV. In conclusion, Cr×eGFRcys could be served as a surrogate marker for sarcopenia and may be helpful for sarcopenia screening in advanced CKD. Further studies are needed to expand our investigation.
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INTRODUCTION

Sarcopenia, which is characterized by a progressive decline of skeletal muscle mass, strength, and physical performance, is frequently observed in patients with chronic kidney disease (CKD) and leads to poor clinical outcomes (1–3), as pathogenic factors—metabolic acidosis, inflammation, impaired insulin signaling, oxidative stress, accumulated uremic toxins, suppressed appetite, decline in satellite cells, and myostatin overexpression—accelerate skeletal muscle wasting as kidney disease progresses (4, 5). Thus, sarcopenia is a major concern in patients with advanced-stage CKD. Moreover, protein restriction is usually implemented in patients with advanced-stage CKD to attenuate renal progression, and clinical supervision of nutritional status is highly recommended (6). Imaging modalities including bioelectrical impedance, ultrasound, dual-energy X-ray absorptiometry, computed tomography, and magnetic resonance imaging, as well as D3-creatine dilution, are strongly recommended by expert panels as measurement tools for skeletal muscle mass (7–10), yet are not always available in outpatient settings. Therefore, surrogate markers for the early detection of sarcopenia in advanced-stage CKD are in demand.

Creatinine is a metabolite of creatine phosphate that is converted non-enzymatically from skeletal muscle, and the endogenous creatinine generation rate depends on skeletal muscle mass under steady renal function (11, 12). Due to its properties of free glomerular filtration and minimal tubular reabsorption, timed urine creatinine excretion (Ucr) is a reliable marker for predicting skeletal muscle mass in various populations (13–16). Unfortunately, the collection of 24-h urine samples is inconvenient. Moreover, under- or over-collection of urine samples is common.

To overcome the need of precise urine collection, 24-h filtered creatinine through the glomerulus can be estimated from the product of serum creatinine (Cr) and the glomerular filtration rate (GFR). Through the calculation of GFR from cystatin C (eGFRcys), a renal marker less affected by skeletal muscle mass than creatinine, Cr×eGFRcys has been proposed as a novel sarcopenia index (SI) (17). Our previous work demonstrates a significant impact of the low SI on overall mortality in non-dialysis CKD patients (18). However, whether this index is useful for the evaluation of skeletal muscle mass and strength in patients with advanced-stage CKD remains unexplored.

Thus, the study aimed to investigate the association of the novel SI with skeletal muscle mass, strength, and physical performance in patients with stage 3b-5 CKD and to establish its diagnostic validation for sarcopenia.



MATERIALS AND METHODS


Participants

This cross-sectional study was conducted in outpatient clinics at Hualien Tzu-Chi Hospital, a Medical Center in eastern Taiwan, between January 2018 and May 2021. Adult patients with non-dialysis stage 3b-5 CKD who have regularly been followed up at our CKD outpatient department were invited to participate in the study. Those younger than 20 years, with an estimated GFR of more than 45 mL/min/1.73 m2, recent hospitalization within 3 months, a pacemaker, amputated limbs, active malignancy, wheelchair or bedridden, as well as those who refused to participate were excluded. CKD was defined as a decrease in renal function or the presence of kidney damage for more than 3 months (19).

A total of 297 patients with CKD were enrolled in this study. Basic information and comorbidities, including diabetes mellitus (DM), hypertension, chronic glomerulonephritis (GN), and cardiovascular (CV) disease, were collected through electronic medical records. CV disease comprised coronary artery disease, myocardial infarction, left ventricular hypertrophy, arrhythmias, or congestive heart failure.

All participants signed an informed consent approved by the Institutional Review Board of Tzu-Chi Hospital (IRB 108-219-A), and all methods were performed in accordance with the Declaration of Helsinki.



Anthropometric Analysis and Blood Pressure

Body mass index (BMI) was calculated as body weight (Kg) divided by height squared (m2). In the standing erect position, waist circumference was measured at the shortest point between the lower rib margin and the iliac crest; hip circumference was measured at the level of greatest protrusion of the buttocks. Triceps skinfold (TSF) and mid-arm circumference (MAC) were measured at the midpoint between the acromion and olecranon using a skinfold caliper (QuickMedical, Issaquah, WA, USA) and flexible inextensible tape, respectively. The mean of the three TSF readings was accepted. Mid-arm muscular circumference (MAMC) was subsequently calculated as MAC (cm)-π × TSF (cm).

Systolic and diastolic blood pressure (BP) were measured using standard mercury sphygmomanometers after 10-min resting.



Skeletal Muscle Mass, Handgrip Strength, and Gait Speed

Skeletal muscle and fat tissue mass were assessed using a tetrapolar bioelectrical impedance device (Biodynamics® BIA 450 Bioimpedance Analyzer, Seattle, WA, USA), which delivers an electric current of 800 μA at 50 kHz. In the supine position, two electrodes were placed on the hand and wrist, and two were placed on the foot and ankle of the non-dominant side. Total skeletal muscle mass (SMM) was estimated based on a well-validated equation developed by Janssen et al. (20):
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In this formula, height is input in centimeters; resistance in ohms; age in years; sex: female = 0, male = 1.

A hand-held dynameter (Jamar Plus Digital Hand Dynamometer, SI Instruments Pty Ltd, Hilton, Australia) was used to assess the handgrip strength (HGS). Patients were instructed to grip the dynamometer as tightly as possible in the standing position, with the arm at a right angle and the elbow at the side of the body. Three measurements were repeated in each hand, with a 1-min rest interval. The average value of both hands was adopted for analysis.

For the usual gait speed measurement, participants were instructed to walk at their usual speed for 6 m on a flat and straight path, and the gait speed was calculated accordingly. The gait speed test was not performed on 22 patients who reported dizziness or an unsteady gait on the test day.



Definition of Sarcopenia

The skeletal muscle index (SMI) was calculated as the SMM (kg) divided by height squared (m2). Those with an SMI lower than 8.87 kg/m2 in males and 6.42 kg/m2 in females were classified as having a low SMI, based on two standard deviations below the mean of young Taiwanese adults (21, 22). Muscle weakness was defined as an HGS < 28 kg in males and 18 kg in females, whereas slow gait speed was 6-m gait speed < 1.0 m/s, based on the Asian Working Group for Sarcopenia (AWGS) 2019 consensus (23). Sarcopenia was defined as low SMI with either muscle weakness or slow gait speed.

Among 22 patients who did not perform the gait speed test, none of them had low SMI. Thus, all of them were classified as non-sarcopenic.



Serum SI and Laboratory Data

At the same visit, fasting serum samples were used for biochemical analysis within 1-h of collection. A standard autoanalyzer (Siemens Advia 1800, Siemens Healthcare GmbH, Henkestr, Germany) was used to determine serum blood urea nitrogen (BUN), creatinine, albumin (bromocresol green method), total cholesterol (TCH), glucose, and urine protein/creatinine ratio (UPCR). Serum cystatin C levels were measured using a nephelometric Siemens immunoassay. The estimated GFR was calculated from serum creatinine (eGFRcre) and cystatin C (eGFRcys), based on the Modification of Diet in Renal Disease (24) and CKD-EPI Cystatin C equation (25), respectively. The stages of CKD in the study were based on the eGFRcys.

The novel SI, Cr×eGFRcys, was calculated as the product of serum creatinine (mg/dL) and eGFRcys (mL/min/1.73 m2).



24-H Urine Creatinine Excretion

Detailed verbal and written instructions about the urine collection technique were provided to all participants. After discarding the first void in the morning, all participants were instructed to collect all urine throughout the following 24-h period, including the first morning void on the next day. The 24-h Ucr was calculated as the product of urine creatinine levels and 24-h urine volume. Among our participants, 265 (89.2%) completed 24-h urine sample collection.



Statistical Analyses

To detect a correlation coefficient of about 0.3 between SI and skeletal muscle measures in each gender, with an alpha level of 0.05 and a power of 90%, a total of at least 224 patients should be enrolled.

Continuous variables were expressed either as the mean ± standard deviation or as the median and interquartile range, based on the data distribution evaluated from the Kolmogorov–Smirnov test. The variables among sarcopenia and non-sarcopenia were compared by applying Student's independent t test or the Mann–Whitney U test. Categorical variables were expressed as absolute (n) and relative frequency (%) and were analyzed by the chi-square test. Scatter plots with Spearman's correlation coefficient were used to depict the correlations of SI and 24-h Ucr with SMM, HGS, and gait speed. Independency of SI with SMM, HGS, and gait speed was examined by multiple linear regression, adopting potential risk factors for sarcopenia.

To assess the diagnostic performance of SI and 24-h Ucr on sarcopenia, receiver operating characteristic (ROC) curves were constructed. The area under the ROC curve (AUC), cut-offs, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were established.

Statistical analyses were performed using SPSS (version 19.0; SPSS, Chicago, IL, USA). A P-value of < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics

Table 1 summarizes the baseline characteristics of 297 patients with CKD. Overall, the mean age was 68.8 ± 12.9 years, and 169 (56.9%) were male. The distribution of CKD stages was 8.4% stage 3b, 59.6% stage 4, and 32.0% stage 5. Among them, 52.2% had DM, 36.7% chronic GN, 83.5% hypertension, 29.6% CV disease. The prevalence of sarcopenia was 20.2%. Patients with sarcopenia were older (P < 0.001); had lower BMI (P < 0.001), waist circumference (P < 0.001), hip circumference (P = 0.001), MAMC (P = 0.001), SMM (P < 0.001), HGS (P < 0.001), gait speed (P < 0.001), BUN (P < 0.001), creatinine (P < 0.001), UPCR (P = 0.001); and had higher eGFRcre (P < 0.001). Notably, those with sarcopenia had significantly lower SI (P < 0.001) and 24-h Ucr (P < 0.001).


Table 1. Demographic and clinical characteristics of the study population.
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Association of SI With Skeletal Muscle Measures

As shown in Figure 1, SI was significantly lower in the sarcopenia group than in the non-sarcopenia group in both genders (46.0 ± 11.1 vs. 58.4 ± 14.4, P = 0.001 in males; 40.3 ± 5.5 vs. 48.9 ± 12.0, P < 0.001 in females) and in different CKD stages (49.4 ± 12.4 vs. 56.6 ± 13.6, P = 0.002 in stage 3b-4; 40.7 ± 8.0 vs. 51.0 ± 15.1, P < 0.001 in stage 5).


[image: Figure 1]
FIGURE 1. Differences of SI between non-sarcopenia and sarcopenia, stratified by gender (A) and CKD stage (B). *P < 0.05 was considered statistically significant.


In Figure 2, SI was positively correlated with SMM (r = 0.503, P < 0.001), HGS (r = 0.508, P < 0.001), and gait speed (r = 0.381, P < 0.001). These moderate-intensity correlations were close to those of 24-h Ucr, which yielded correlation coefficients of 0.539, 0.582, and 0.351 with SMM, HGS, and gait speed, respectively. The correlations of other proposed SI with skeletal muscle metrics are also reported in Table 2.


[image: Figure 2]
FIGURE 2. Correlations of SI and 24-h Ucr with skeletal muscle measures. *P < 0.05 was considered statistically significant.



Table 2. Spearman's correlations between different proposed sarcopenia indices based on creatinine and cystatin C with skeletal muscle mass, strength, and gait speed.
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Simple and multiple linear regression analyses of the SI in relation to SMM, HGS, and gait speed are shown in Table 3. In the unadjusted model (model 1), SI was significantly associated with SMM, HGS, and gait speed, the results of which were sustained after extensive adjustment for potential confounders, including age, sex, DM, hypertension, CV disease, BMI, waist and hip circumference, hemoglobin, albumin, TCH, glucose, eGFRcys, and UPCR (model 4).


Table 3. Independency of SI with SMM, HGS, and gait speed.
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Diagnostic Performance of SI on Sarcopenia

The AUC, cut-off values, sensitivity, specificity, PPV, and NPV of SI for sarcopenia are shown in Table 4. The SI had acceptable discriminative power in both males [AUC 0.646, 95% confidence interval (CI) 0.569–0.718, P = 0.003] and females (AUC 0.754, 95% CI 0.670–0.826, P < 0.001). In males, the best cut-off was 53.9, which provided 71.1% sensitivity, 58.0% specificity, 32.9% PPV, and 87.4% NPV; in females, the best cut-off was 45.8, which provided 81.8% sensitivity, 62.3% specificity, 31.0% PPV, and 94.3% NPV. The diagnostic performance of 24-h Ucr was also provided.


Table 4. Diagnostic validity of SI and 24-h Ucr on sarcopenia, overall and stratified by gender.
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DISCUSSION

In our study, the novel SI, Cr×eGFRcys, was independently associated with skeletal muscle mass, strength, and usual gait speed in non-dialysis advanced CKD. The correlation coefficients with muscle measures and the discriminatory power for sarcopenia exhibited by SI were similar to the performance of 24-h Ucr.

Sarcopenia is concerning in patients with advanced-stage CKD; thus, assessing skeletal muscle health is of the same importance as monitoring renal function change. Considering the limited feasibility of imaging studies, several novel biomarkers, such as myokines, inflammatory and oxidative markers, have been emergently reported for skeletal muscle estimation (26, 27). Unfortunately, there is a gap between these results and their translation into real-world practice, given their weak correlations with skeletal muscle mass and high measurement cost. To our knowledge, 24-h Ucr, which was first validated in 1983, remains the most reliable and robust marker for the prediction of skeletal muscle mass (11). In patients with CKD, low 24-h Ucr is associated with reduced skeletal muscle mass, frailty, and enhanced mortality risks (28–30). Our study showed moderate correlations of 24-h Ucr with skeletal muscle mass and strength in advanced CKD, which were in line with a previous report from the large-scale Chronic Renal Insufficiency Cohort (CRIC), showing a correlation coefficient of 0.5 between 24-h Ucr and skeletal muscle mass, as evaluated by either BIA or DEXA in patients with CKD. This correlation was stronger in those with proper urine collection (30). Nevertheless, poor collection of urine samples is common in outpatient settings. As indicated in the CRIC cohort, up to one-third of urine samples were regarded as poor quality, which justifies the development of alternative surrogate markers to monitor skeletal muscle health in patients with advanced-stage CKD.

For the first time, we demonstrated that the novel SI calculated from creatinine and cystatin C, two widely used renal markers, independently predicts skeletal muscle mass, muscle strength, and physical performance in advanced-stage CKD, even after adjusting for potential confounders extensively. Cut-off values for the novel SI yielded high NPV, which suggested its potential use for screening sarcopenia in patients with advanced-stage CKD. In addition, our previous work showed a close relationship between low SI and all-cause mortality in real-world cases using our CKD database (18). The patients in the low SI group conferred a three-fold increased mortality hazard after full adjustment for risk factors in comparison with those in the normal SI group.

Given the decreased serum creatinine, but not cystatin C, in patients experiencing muscle wasting, other indices based on these two renal markers, such as the creatinine-to-cystatin C ratio (Cr/CysC), eGFRcys-to-eGFRcre ratio (eGFRcys/eGFRcre), and the difference between eGFRcys and eGFRcre (eGFRcys–eGFRcre), have been reported for the assessment of sarcopenia in various populations (31–39). Our study demonstrated that, among these serum indices, Cr×eGFRcys exhibited the best correlations with skeletal muscle mass, strength, and gait speed. This observation was in accordance with results from two recent studies in cancer patients, which showed that Cr×eGFRcys outperformed Cr/CysC in predicting sarcopenia and postoperative complications (40, 41).

Our study is the first to explore the clinical utility of Cr×eGFRcys as an SI for predicting sarcopenia in advanced-stage CKD patients. The strength of the study was that 24-h Ucr was collected simultaneously, ensuring a direct comparison between the novel SI and 24-h Ucr. However, we report significant limitations. First, the sample size was relative limited, which precluded our further stratification by each CKD stage. The application of the gender-specific SI cut-offs in each CKD stage was shown in Supplementary Table 1. Second, the discriminatory power of SI in men was low, which limited its clinical utility to predict sarcopenia. Third, a single-frequency BIA was used to measure skeletal muscle mass, which could be overestimated by hydration status in patients with advanced-stage CKD. However, a strong correlation and good agreement between the BIA with dual-energy X-ray absorptiometry was demonstrated in dialysis patients (42). Fourth, non-renal factors other than skeletal muscle mass, including dietary protein intake, physical activity, inflammation, obesity, endocrine disease, and certain medications, affect creatinine or cystatin metabolism (43, 44) and account for variations. Thus, whether Cr×eGFRcys is useful for dynamic monitoring of skeletal muscle change longitudinally and for evaluation of response to intervention should be determined in future studies. Fifth, the quality of urine collection could not be ascertained. We propose that 24-h Ucr is the most reliable clinical marker for sarcopenia when an accurate collection of urine samples is ensured. Sixth, although the criteria for sarcopenia were well-developed in the geriatric population, there was a lack of agreement among patients with CKD. Finally, this is a single-center study in Taiwan; therefore, our findings should be extrapolated with caution, especially to other ethnic populations.



CONCLUSION

In conclusion, our study demonstrated that Cr×eGFRcys was independently associated with skeletal muscle mass, strength, and usual gait speed in non-dialysis advanced CKD. In addition to providing more accurate renal function estimates, measuring serum creatinine and cystatin simultaneously to generate the novel SI, Cr×eGFRcys, may be an easy-to-use approach for screening skeletal muscle health in patients with advanced-stage CKD. However, large-scale studies are encouraged to extend our findings.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Hualien Tzu Chi Hospital (108-219-A). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Y-LL: conceptualization, methodology, formal analysis, and writing—original draft preparation. C-HW and I-CC: investigation. I-CC: data curation. B-GH: writing—review and editing and supervision. All authors reviewed the manuscript, contributed to the article, and approved the submitted version.



FUNDING

Grants from the Hualien Tzu Chi Hospital and Buddhist Tzu Chi Medical Foundation, Hualien, Taiwan (TCRD 110-47) supported this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.828880/full#supplementary-material



REFERENCES

 1. Stenvinkel P, Carrero JJ, von Walden F, Ikizler TA, Nader GA. Muscle wasting in end-stage renal disease promulgates premature death: established, emerging and potential novel treatment strategies. Nephrol Dial Transplant. (2016) 31:1070–7. doi: 10.1093/ndt/gfv122

 2. Mak RH, Ikizler AT, Kovesdy CP, Raj DS, Stenvinkel P, Kalantar-Zadeh K. Wasting in chronic kidney disease. J Cachexia Sarcopenia Muscle. (2011) 2:9–25. doi: 10.1007/s13539-011-0019-5

 3. Pereira RA, Cordeiro AC, Avesani CM, Carrero JJ, Lindholm B, Amparo FC, et al. Sarcopenia in chronic kidney disease on conservative therapy: prevalence and association with mortality. Nephrol Dial Transplant. (2015) 30:1718–25. doi: 10.1093/ndt/gfv133

 4. Wang XH, Mitch WE. Mechanisms of muscle wasting in chronic kidney disease. Nat Rev Nephrol. (2014) 10:504–16. doi: 10.1038/nrneph.2014.112

 5. Fahal IH. Uraemic sarcopenia: aetiology and implications. Nephrol Dial Transplant. (2014) 29:1655–65. doi: 10.1093/ndt/gft070

 6. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero J-J, Chan W, et al. KDOQI clinical practice guideline for nutrition in CKD: 2020 update. Am J Kidney Dis. (2020) 76:S1–107. doi: 10.1053/j.ajkd.2020.05.006

 7. Carrero JJ, Johansen KL, Lindholm B, Stenvinkel P, Cuppari L, Avesani CM. Screening for muscle wasting and dysfunction in patients with chronic kidney disease. Kidney Int. (2016) 90:53–66. doi: 10.1016/j.kint.2016.02.025

 8. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, et al. Sarcopenia in Asia: consensus report of the Asian working group for Sarcopenia. J Am Med Dir Assoc. (2014) 15:95–101. doi: 10.1016/j.jamda.2013.11.025

 9. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al. Sarcopenia: an undiagnosed condition in older adults. current consensus definition: prevalence, etiology, and consequences international working group on sarcopenia. J Am Med Dir Assoc. (2011) 12:249–56. doi: 10.1016/j.jamda.2011.01.003

 10. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. (2019) 48:16–31. doi: 10.1093/ageing/afy169

 11. Heymsfield SB, Arteaga C, McManus C, Smith J, Moffitt S. Measurement of muscle mass in humans: validity of the 24-hour urinary creatinine method. Am J Clin Nutr. (1983) 37:478–94. doi: 10.1093/ajcn/37.3.478

 12. Patel SS, Molnar MZ, Tayek JA, Ix JH, Noori N, Benner D, et al. Serum creatinine as a marker of muscle mass in chronic kidney disease: results of a cross-sectional study and review of literature. J Cachexia Sarcopenia Muscle. (2013) 4:19–29. doi: 10.1007/s13539-012-0079-1

 13. Stam SP, Eisenga MF, Gomes-Neto AW, van Londen M, de Meijer VE, van Beek AP, et al. Muscle mass determined from urinary creatinine excretion rate, and muscle performance in renal transplant recipients. J Cachexia Sarcopenia Muscle. (2019) 10:621–9. doi: 10.1002/jcsm.12399

 14. Proctor DN, O'Brien PC, Atkinson EJ, Nair KS. Comparison of techniques to estimate total body skeletal muscle mass in people of different age groups. Am J Physiol. (1999) 277:E489–95. doi: 10.1152/ajpendo.1999.277.3.E489

 15. Welle S, Thornton C, Totterman S, Forbes G. Utility of creatinine excretion in body-composition studies of healthy men and women older than 60 y. Am J Clin Nutr. (1996) 63:151–6. doi: 10.1093/ajcn/63.2.151

 16. Oterdoom LH, Gansevoort RT, Schouten JP, de Jong PE, Gans ROB, Bakker SJL. Urinary creatinine excretion, an indirect measure of muscle mass, is an independent predictor of cardiovascular disease and mortality in the general population. Atherosclerosis. (2009) 207:534–40. doi: 10.1016/j.atherosclerosis.2009.05.010

 17. Lien YH. Looking for sarcopenia biomarkers. Am J Med. (2017) 130:502–3. doi: 10.1016/j.amjmed.2017.01.018

 18. Lin Y-L, Chang IC, Liou H-H, Wang C-H, Lai Y-H, Kuo C-H, et al. Serum indices based on creatinine and cystatin C predict mortality in patients with non-dialysis chronic kidney disease. Sci Rep. (2021) 11:16863. doi: 10.1038/s41598-021-96447-9

 19. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US Commentary on the 2012 KDIGO clinical practice guideline for the evaluation and management of CKD. Am J Kidney Dis. (2014) 63:713–35. doi: 10.1053/j.ajkd.2014.01.416

 20. Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skeletal muscle mass by bioelectrical impedance analysis. J Appl Physiol. (2000) 89:465–71. doi: 10.1152/jappl.2000.89.2.465

 21. Chien MY, Huang TY, Wu YT. Prevalence of sarcopenia estimated using a bioelectrical impedance analysis prediction equation in community-dwelling elderly people in Taiwan. J Am Geriatr Soc. (2008) 56:1710–5. doi: 10.1111/j.1532-5415.2008.01854.x

 22. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European consensus on definition and diagnosis: report of the European working group on sarcopenia in older people. Age Ageing. (2010) 39:412–23. doi: 10.1093/ageing/afq034

 23. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. (2020) 21:300–7. doi: 10.1016/j.jamda.2019.12.012

 24. Hallan S, Astor B, Lydersen S. Estimating glomerular filtration rate in the general population: the second health survey of Nord-Trondelag (HUNT II). Nephrol Dial Transplant. (2006) 21:1525–33. doi: 10.1093/ndt/gfl035

 25. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. Estimating glomerular filtration rate from serum creatinine and cystatin C. N Engl J Med. (2012) 367:20–9. doi: 10.1056/NEJMoa1114248

 26. Kwak JY, Hwang H, Kim S-K, Choi JY, Lee S-M, Bang H, et al. Prediction of sarcopenia using a combination of multiple serum biomarkers. Sci Rep. (2018) 8:8574. doi: 10.1038/s41598-018-26617-9

 27. Calvani R, Marini F, Cesari M, Tosato M, Anker SD, von Haehling S, et al. Biomarkers for physical frailty and sarcopenia: state of the science and future developments. J Cachexia Sarcopenia Muscle. (2015) 6:278–86. doi: 10.1002/jcsm.12051

 28. Polinder-Bos HA, Nacak H, Dekker FW, Bakker SJL, Gaillard C, Gansevoort RT. Low urinary creatinine excretion is associated with self-reported frailty in patients with advanced chronic kidney disease. Kidney Int Rep. (2017) 2:676–85. doi: 10.1016/j.ekir.2017.02.021

 29. Di Micco L, Quinn RR, Ronksley PE, Bellizzi V, Lewin AM, Cianciaruso B, et al. Urine creatinine excretion and clinical outcomes in CKD. Clin J Am Soc Nephrol. (2013) 8:1877–83. doi: 10.2215/CJN.01350213

 30. Wilson FP, Xie D, Anderson AH, Leonard MB, Reese PP, Delafontaine P, et al. Urinary creatinine excretion, bioelectrical impedance analysis, and clinical outcomes in patients with CKD: the CRIC study. Clin J Am Soc Nephrol. (2014) 9:2095–103. doi: 10.2215/CJN.03790414

 31. Kusunoki H, Tsuji S, Wada Y, Fukai M, Nagai K, Itoh M, et al. Relationship between sarcopenia and the serum creatinine/cystatin C ratio in Japanese rural community-dwelling older adults. JCSM Clin Rep. (2018) 3:1–14. doi: 10.17987/jcsm-cr.v3i1.57

 32. Osaka T, Hamaguchi M, Hashimoto Y, Ushigome E, Tanaka M, Yamazaki M, et al. Decreased the creatinine to cystatin C ratio is a surrogate marker of sarcopenia in patients with type 2 diabetes. Diabetes Res Clin Pract. (2018) 139:52–8. doi: 10.1016/j.diabres.2018.02.025

 33. Barreto EF, Poyant JO, Coville HH, Dierkhising RA, Kennedy CC, Gajic O, et al. Validation of the sarcopenia index to assess muscle mass in the critically ill: a novel application of kidney function markers. Clin Nutr. (2019) 38:1362–7. doi: 10.1016/j.clnu.2018.05.031

 34. Yanishi M, Kinoshita H, Tsukaguchi H, Kimura Y, Koito Y, Sugi M, et al. The creatinine/cystatin C ratio provides effective evaluation of muscle mass in kidney transplant recipients. Int Urol Nephrol. (2019) 51:79–83. doi: 10.1007/s11255-018-2015-6

 35. Ichikawa T, Miyaaki H, Miuma S, Motoyoshi Y, Yamashima M, Yamamichi S, et al. Indices calculated by serum creatinine and cystatin C as predictors of liver damage, muscle strength and sarcopenia in liver disease. Biomed Rep. (2020) 12:89–98. doi: 10.3892/br.2020.1273

 36. Jung CY, Joo YS, Kim HW, Han SH, Yoo TH, Kang SW, et al. Creatinine-cystatin C ratio and mortality in patients receiving intensive care and continuous kidney replacement therapy: a retrospective cohort study. Am J Kidney Dis. (2020) 77:509–16. doi: 10.1053/j.ajkd.2020.08.014

 37. Lin Y-L, Chen S-Y, Lai Y-H, Wang C-H, Kuo C-H, Liou H-H, et al. Serum creatinine to cystatin C ratio predicts skeletal muscle mass and strength in patients with non-dialysis chronic kidney disease. Clin Nutr. (2020) 39:2435–41. doi: 10.1016/j.clnu.2019.10.027

 38. Potok OA, Ix JH, Shlipak MG, Katz R, Hawfield AT, Rocco MV, et al. The difference between cystatin C- and creatinine-based estimated GFR and associations with frailty and adverse outcomes: a cohort analysis of the systolic blood pressure intervention trial (SPRINT). Am J Kidney Dis. (2020) 76:765–74. doi: 10.1053/j.ajkd.2020.05.017

 39. Kusunoki H, Tsuji S, Kusukawa T, Wada Y, Tamaki K, Nagai K, et al. Relationships between cystatin C- and creatinine-based eGFR in Japanese rural community- dwelling older adults with sarcopenia. Clin Exp Nephrol. (2021) 25:231–9. doi: 10.1007/s10157-020-01981-x

 40. Fu X, Tian Z, Wen S, Sun H, Thapa S, Xiong H, et al. A new index based on serum creatinine and cystatin C is useful for assessing sarcopenia in patients with advanced cancer. Nutrition. (2021) 82:111032. doi: 10.1016/j.nut.2020.111032

 41. Yang J, Zhang T, Feng D, Dai X, Lv T, Wang X, et al. A new diagnostic index for sarcopenia and its association with short-term postoperative complications in patients undergoing surgery for colorectal cancer. Colorectal Dis. (2019) 21:538–47. doi: 10.1111/codi.14558

 42. Reis NSdC, Vaninni FCD, Silva MZC, de Oliveira RC, Reis FM, Costa FL, et al. Agreement of single-frequency electrical bioimpedance in the evaluation of fat free mass and fat mass in peritoneal dialysis patients. Front Nutr. (2021) 8:686513. doi: 10.3389/fnut.2021.686513

 43. Delanaye P, Cavalier E., Pottel H. Serum creatinine: not so simple! Nephron. (2017) 136:302–8. doi: 10.1159/000469669

 44. Stevens LA, Schmid CH, Greene T, Li L, Beck GJ, Joffe MM, et al. Factors other than glomerular filtration rate affect serum cystatin C levels. Kidney Int. (2009) 75:652–60. doi: 10.1038/ki.2008.638

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.

Copyright © 2022 Lin, Wang, Chang and Hsu. 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/fnut-09-828880-t003.jpg
Variables Sl (per 1-SD increase)

B (95% CI) P-value
SMM (ko)

Model 1 3.44 (2.78-4.11) <0.001*
Model 2 1.08(0.53-1.62) <0001
Model 3 1.1 (0.62-1.60) <0.001*
Model 4 152 (1.02-2.01) <0001
HGS (kg)

Model 1 4.74 (3.87-5.60) <0001
Model 2 2.78 (1.89-3.66) <0001
Model 3 2.78(1.89-3.67) <0001
Model 4 277 (1.81-3.74) <0001
Gait speed (m/s)

Model 1 0.11(0.08-0.14) <0001
Model 2 0.06 (0.02-0.09) 0.002*
Model 3 0.06 (0.02-0.09) 0.002"
Model 4 0014"

Model 1, Unadjusted analysis. Model 2, Adjusted for age and sex. Model 3, Model 2
addltionally acfusted for diabetes melltus, hypertension, cardovascular disease, body
mass index, wist and hip circumference. Model 4, Model 3 additionaly adjusted for
hemaglobin, albumin, total cholesterol, fasting glucose, estimated glomeruer fitration
rate based on cystatin G, and urine protein to creatinine ratio. SI, sarcopenia index;
SMM, skeletal muscle mass; HGS, handgrip strength. *P < 0.05 was considered
statistically significant.





OPS/images/fnut-09-828880-t004.jpg
Low SI

AUC (95% CI) Cut-off Sen (%) Spe (%) PPV (%) NPV (%)
Overall 0.659 (0.602-0.713)"

Male 0.646 (0.569-0.718)" 539 714 580 329 87.4
Female 0.754 (0.670-0.826)" 4538 818 623 31.0 9.3

Low 24-h Ucr®

Overall 0.659 (0.599-0.716)"

Male 0.688 (0.608-0.761)" 1022 724 61.8 309 %05
Female 0.692 (0.599-0.776)" 710 800 645 327 9.7

Sl, sarcopenia index; Ucr, urine creatinine excretion; AUC, area under the ROC curves; Cl, confidence interval; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV,
negative predictive value. 224-h urine sample was available in 265 patients.
*P < 0.05 was considered statistically significant.





OPS/images/fnut-09-828880-t001.jpg
Characteristics

Age (years)

Gender (male), n (%)

CKD stages, n (%)
Stage 3b

Stage 4

Stage 5

Diseases, n (%)

DM

Chronic GN

Hypertension

OV disease

Systolic BP (mmHg)
Diastolic BP (mmHg)
Anthropometry measures
BMI (kg/m?)

Waist circumference (cm)
Hip circumference (cm)
MAMG (om)

Fat tissue mass (kg)
Skeletal muscle measures
SMM (ko)

HGS (kg)

Gait speed (m/s)*
Laboratory data
Hemoglobin (g/dl)
Albumin (g/dL)

TCH (mg/dlL)

Glucose (mg/dL)

BUN (mg/dL)

Creatinine (mg/dL)
Cystatin C (mg/L)

eGFRcre (mUmin/1.73 m?)
eGFReys (mL/min/1.73 m?)
UPCR (¢/g)

sl

24-h Ucr (mg/day)®

Total (n = 297)

68.8+ 12.9
169 (56.9)

25(8.4)
177 (59.6)
95 (32.0)

155 (52.2)
109 (36.7)
248 (83.5)
88(20.6)

147 (131-163)
79 (70-86)

263+ 4.4
9+ 12
96(92-102)
28+3
19.7 (14.9-25.2)

232 (17.5-28.5)
238+89
093 (0.73-1.11)

108418
4.1(38-43)
146 (124-172)
106 (93-138)
44(32-58)
2.8(2.2-38)
29(2.4-36)
20 (14-26)
18 (13-24)
0.9(03-2.1)
50,8 (42.5-61.8)
921 (708-1,224)

Sarcopenia (n = 60)

770+ 103
38(63.3)

9(15.0)
33(55.0)
18 (30.0)

2541.7)
23(383)
48 (80.0)
21(35.0)

146 (132-166)
77 (68-85)

235+36
87+ 10
94 (89-97)
21%2
19.9 (15.9-25.1)

195 (14.6-22.2)
18867
0.77 (0.56-0.98)

1.0£18
4.1(3.9-4.3)
143 (121-178)
107 (94-138)
34 (25-65)
23(1.9-339)
2.7 (2.2-35)
24(17-82)
19 (13-25)
0.4(0.2-1.3)
45.6(37.0-52.1)
734 (589-1,001)

Non-sarcopenia (n = 237)

66.7 £12.6
131(85.9)

16(6.8)
144 (60.8)
77 (32.5)

130 (54.9)
86(36.9)
200 (84.4)
67 (28.3)
147 (131-162)
80 (70-87)

27043
9+ 12
97 (92-103)
234
197 (14.8-25.2)

24.6(18.3-29.3)
251 £90
096 (0.79-1.14)

10819
4.4 (38-4.3)
146 (125-172)
106 (93-138)
45 (35-59)
29(24-38)
29(2.4-36)
19 (14-25)
18 (18-24)
1.1 (0.4-2.4)
52.4(44.8-63.1)
974 (738-1,246)

P-value

<0.001*
0.260

0.121

0.068
0.769
0413
0.308
0.559
0.069

<0.001*
<0.001*
0.001*
0.001*
0.799

<0.001*
<0.001*
<0.001*

0.208
0.199
0.692
0.866
<0.001*
<0.001*
0.135
<0.001*
0.401
0.001*
<0.001*
<0.001*

Values for continuous variables are given as means + standard deviations or medians and interquartile ranges. Categorical variables are expressed as numbers (%). CKD, chronic kidney
disease; DM, diabetic meliitus; GN, glomerulonephritis; CV, cardiovascular; B, blood pressure; BMI, body mass index; MAMC, mid-arm muscular circumference; SMM, skeletal muscle
mass; HGS, handgrip strength; TCH, total cholesterol; BUN, blood urea nitrogen; eGFRcre, estimated glomerular fitration rate from serum creatinine; eGFRcys, estimated glomerular

firation rate from serum cystatin
%Gait speed test was available in 275 patients.

©24-h urine sample was available in 265 patients.
*P < 0.05 was considered statistically significant between sarcopenia and non-sarcopenia groups.

UPCR, urine protein/creatinine ratio; S, sarcopenia index; Ucr, urine creatinine excretion.





OPS/images/fnut-09-828880-t002.jpg
Sarcopenia indices SMM (kg) HGS (kg) Gait speed (m/s)

E P-value r P-value r P-value
Cr x eGFRcys 0.503 <0.001* 0.508 <0.001* 0.381 <0.001*
Cr/CysC 0.440 <0.001* 0.368 <0.001* 0313 <0.001*
Serum Cr 0.362 <0.001* 0.101 0.083 0.179 0.003*
eGFRcys-eGFRcre 0.142 0.015* 0.169 0.003* 0.251 <0.001*
eGFRcys/eGFRcre 0.124 0.033" 0.167 0.004* 0.240 <0.001*

SMM, skeletal muscle mass; HGS, handgrip strength; Cr, creatinine; eGFRcys, estimated glomerular filtration rate from serum cystatin C; CysC, cystatin C; eGFRcre, estimated glomerular
filtration rate from serum creatinine. *P < 0.05 was considered statistically significant.





OPS/images/math_1.gif
height”
SMM = 0.401 (—0.071) +
(i < 001 ) s 007 + s

% 3.825 4 5.102





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A Novel Application of Serum Creatinine and Cystatin C to Predict Sarcopenia in Advanced CKD



		Introduction



		Materials and Methods



		Participants



		Anthropometric Analysis and Blood Pressure



		Skeletal Muscle Mass, Handgrip Strength, and Gait Speed



		Definition of Sarcopenia



		Serum SI and Laboratory Data



		24-H Urine Creatinine Excretion



		Statistical Analyses







		Results



		Baseline Characteristics



		Association of SI With Skeletal Muscle Measures



		Diagnostic Performance of SI on Sarcopenia







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Nutrition

A Novel Application of Serum
Creatinine and Cystatin C to Predict
Sarcopenia in Advanced CKD





OPS/images/fnut-09-828880-g001.gif
80

70

40

30

80

70

60

St

50

40

30

P=0.001*

P<0.001*

Males
m Non-sarcopenia

002*

Females
B Sarcopenia

P<0.001*

Stage 3b-4

W Non-sarcopenia

Stage s

@ Sarcopenia






OPS/images/fnut-09-828880-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





