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Background: Studies have suggested that the serum creatinine/cystatin C (Cr/CysC) ratio is a surrogate marker for muscle wasting is associated with adverse outcomes in several disease conditions. To clarify the utility of the Cr/CysC ratio as a prognostic marker in chronic kidney disease (CKD) we evaluated the association between the Cr/CysC ratio clinical outcomes in patients with non-dialysis CKD.

Methods: This prospective observational cohort study included 1,966 participants of the KoreaN cohort study Outcomes in patients With CKD (KNOW-CKD). We evaluated associated factors with the serum Cr/CysC ratio and association between the serum Cr/CysC ratio and composite outcomes of all-cause death and cardiovascular events (CVEs).

Results: The mean age was 54 ± 12 (SD) years and 61% were men. The mean serum Cr/CysC ratio was 10.97 ± 1.94 in men and 9.10 ± 1.77 in women. The Cr/CysC ratio correlated positively with urinary creatinine excretion, a marker of muscle mass. In the fully adjusted Cox proportional hazard model, the Cr/CysC ratio was associated with the occurrence of adverse outcomes through a median follow-up of 5.9 years [hazard ratio (HR) = 0.92, 95% confidence interval (CI) = 0.85–0.99 for the composite outcomes, HR = 0.87, 95% CI, 0.78 − 0.97 for all-cause death, and HR = 0.93; 95% CI, 0.84–1.04 for CVEs]. In subgroup analyses, there were interactions of the Cr/CysC ratio with age and sex for risk of the clinical outcomes, but not eGFR group.

Conclusion: A higher Cr/CysC ratio is associated with a lower risk of the composite outcomes, especially all-cause mortality, even after adjusting for eGFR. These suggest that the Cr/CysC ratio is a useful prognostic marker in CKD.
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Introduction

Chronic kidney disease (CKD) is a prevalent condition worldwide that contributes an important risk of morbidity and mortality (1). CKD is also an important risk factor for protein-energy wasting (2). Uremia in CKD leads to accelerated muscle protein breakdown combined with low dietary energy and protein intakes (3, 4). Muscle wasting induces mobility limitations, loss of independence, and vulnerability to disease complications. Muscle wasting is an important determinant of adverse outcomes in CKD. Several methods are available to measure muscle mass, including imaging techniques, anthropometric parameters, and biochemical markers. Imaging studies such as dual-energy X-ray absorptiometry (DXA) are a standard method for assessing muscle mass (5). In adults with CKD, DXA is a standard method to measure body composition despite being influenced by volume status (6). However, a wide range of methods can be used to assess muscle mass. Availability, cost, and ease of use can determine whether techniques are better suited to clinical practice or research.

Serum creatinine and cystatin C are well-established markers of kidney function (7). Creatinine is generated in proportion to muscle mass, but cystatin C is not affected by muscle mass (8). Loss of muscle mass during the wasting process of CKD is accompanied by a decline in serum creatinine, but not in cystatin C. We postulated the serum Cr/CysC ratio is a surrogate marker for muscle wasting in CKD. Previous studies have reported that the Cr/CysC ratio was associated with muscle mass in patients who were critically ill (9), older adults (10), or had several chronic diseases. Moreover, the Cr/CysC ratio was associated with clinical outcomes in patients in the intensive care unit (9) and those receiving continuous kidney replace therapy (11). A cross-sectional study of patients with non-dialysis CKD reported that Cr/CysC was independently associated with skeletal muscle mass and strength (12). They suggested that Cr/CysC could be a surrogate marker for detecting muscle wasting in CKD. However, the implication of Cr/CysC in the clinical outcomes of CKD are uncertain.

To clarify the utility of the serum Cr/CysC ratio as a prognostic markers in CKD, we analyzed a prospective cohort dataset from the KoreaN cohort study for Outcome in patients With CKD (KNOW-CKD). In this study, we evaluated factors associated with the serum Cr/CysC ratio and the association between the serum Cr/CysC ratio and composite outcomes of all-cause death and cardiovascular events (CVEs) in adults with non-dialysis CKD.



Materials and methods


Study participants and design

The KNOW-CKD (ClinicalTrials.gov identifier NCT01630486) is a nationwide prospective cohort study investigating the clinical outcomes of Koreans with non-dialysis dependent CKD (13). Between 2011 and 2016, a total of 2,238 adults age 20–75 years with non-dialysis CKD stage G1-G6 were enrolled from nine tertiary care hospital. Subjects were excluded if they had a history of malignancy, advanced heart failure, a single kidney, liver cirrhosis, chronic lung disease or other factors according to the study protocol. We analyzed 1,966 participants from this cohort who underwent extensive laboratory tests, completed a health questionnaire, and for whom follow-up data were available (Supplementary Figure 1). This study protocol was approved by the Institutional Review Board of the participating centers. Informed consents were obtained from all participants.



Data collection and measurements

Baseline demographic characteristics, medical history, and lifestyle factors were collected by self-report and a review of the medical records. A history of hypertension was defined as a self-reported history of hypertension or current use of antihypertension medication. Diabetes mellitus was defined as a fasting serum glucose level ≥ 126 mg/dL, a history of diabetes, or current use of antidiabetic medication. Urinary albumin excretion was determined using the spot urine albumin-to-creatinine ratio (ACR).



Main exposure of interest

Sample for serum creatinine and cystatin C were collected at baseline after overnight fasting. Serum creatinine was measured using an isotope dilution mass spectrometry-calibrated method and cystatin C was measured using immunonephelometry with calibration against a reference at a central lab. The estimated glomerular filtration rate (eGFR) was calculated by using the CKD Epidemiology Collaboration (CKD-EPI) creatinine equation (14). The serum Cr/CysC ratio (creatinine in mg/L to cystatin C in mg/L) was calculated from the values measured concomitantly at baseline. Because the serum Cr/CysC ratio was differed by sex, we categorized the participants into male and female quartiles according to Cr/CysC ratio.



Study outcomes

Patients were followed up until their last visit, initiation of renal replacement therapy, or death before March 31, 2021. All-cause death or CVE during follow up was the primary outcomes. CVE was defined as the occurrence of a fatal or non-fatal CVE during follow up including any coronary artery events (unstable angina, myocardial infarction, coronary intervention, or coronary surgery), hospitalization for heart failure, ischemic or hemorrhagic stroke, or symptomatic arrhythmia. The composite outcome of all-cause death and CVEs was assessed.



Statistical analysis

We initially considered our primary predictor variable, Cr/CysC ratio, as a continuous variable. The Cr/CysC ratio in males was greater than that in females (Figure 1). We thus divided the study population into sex-specific quartiles for descriptive purposes in the analyses. We described the baseline characteristics across group using the mean ± standard deviation or median and interquartile range for continuous variables and number with percent for categorical variables.
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FIGURE 1
Distribution of the serum creatinine/cystatin C ratio (mean ± SD) by age and sex in 1,966 participants with non-dialysis chronic kidney disease.


For cross-sectional analyses at baseline, we used a linear regression model of the Cr/CysC ratio controlled for demographic, comorbid, and laboratory factors. We initially considered unadjusted models and then adjusted for age, sex, eGFR, and ACR. In the full adjusted model, we also adjusted for comorbidity and laboratory data.

Cumulative event probabilities were estimated using a Kaplan-Meier analysis and log-rank tests. Cox proportional hazard models were developed to determine the association between Cr/CysC ratio and composite outcomes, all-cause death, and CVEs. The Cr/CysC ratio was evaluated as a continuous variable and a categorical variable of quartiles. The data were expressed as hazard ratio (HR) with 95% confidence interval (CI). Model 1 considered baseline age, sex, eGFR, and the natural log of ACR. Model 2 added systolic blood pressure, body mass index, C-reactive protein, serum albumin, and a history of diabetes or cardiovascular disease. Moreover, to assess their effects on our findings, we tested for associations between the Cr/CysC ratio and outcomes stratified by age, sex, and eGFR group. The Cox model for all-cause death and CVEs was used in cubic spline analyses, with each curve having four equally distributed knots, placed at the 5th, 35th, 65th, 95th percentiles of the Cr/CysC ratio. The cubic spline model used a Cr/CysC ratio of 7.0 as reference value. All analyses were performed using Stata version 17 (STATA Corp.).




Results


Baseline characteristics and patient outcomes

The baseline characteristics of the study participants are presented according to the sex-specific quartiles of Cr/CysC ratio (Table 1). The average age was 54 ± 12 years, 1,190 males (61%), and eGFR was 54 ± 12 mL/min/1.73 m2. The distribution of Cr/CysC ratio by age and sex is show in Figure 1. The average serum Cr/CysC ratio of males was 10.97 ± 1.94, and that of females was 9.10 ± 1.77. Compared with participants in quartile 1, those in the higher quartiles were younger, and more likely to be non-smokers, and have no history of diabetes or cardiovascular diseases. They were also likely to have higher 24-h urine creatinine and serum albumin values.


TABLE 1    Baseline characteristics according to serum Cr/CysC ratio quartiles in 1,966 adults with chronic kidney disease.
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A total of 258 composite outcomes occurred: 130 all-cause of deaths and 163 CVEs occurred during a median follow-up of 5.9 years. The incidence rates of composite outcomes were 34.2, 24.5, 21.1, and 14.4/1,000 person-years according to quartiles, respectively. The trends in the rate of the composite outcomes, all-cause death, and CVEs were all statistically significant (P < 0.01) (Table 2).


TABLE 2    Incidence of the composite outcomes, all-cause death, and cardiovascular events according to quartile of CysC/Cr ratio.
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The serum creatinine/cystatin C ratio and clinical parameters at baseline

The Cr/CysC ratio had a week negative correlation with the natural log of C-reactive protein and a weak positive correlation with serum albumin. The Cr/CysC ratio had a significant positive correlation with 24-h urine creatinine (r = 0.376, P < 0.001) (Supplementary Figure 2).

In multivariable linear regression analysis, the Cr/CysC ratio had a negative association with age, female sex, eGFR, cardiovascular disease, current smoking, and the natural logs of ACR and CRP. Cr/CysC ratio had a positive association with serum albumin and 24-h urine creatinine (coefficient of determinant, R2 = 0.391) (Supplementary Table 1).



The serum creatinine/cystatin C ratio and the composite outcomes, all-cause death, and cardiovascular events

The Kaplan-Meier curves revealed that the cumulative probabilities of the composite outcomes, all-cause death, and CVEs were significantly lower among patients in quartile 1 (Q1) of baseline Cr/CysC ratio compared with other quartiles (log-rank P < 0.01) (Supplementary Figure 3).

The association of Cr/CysC ratio with composite outcomes, all-cause death, and CVEs were evaluated using multivariable Cox proportional hazards regression analyses (Table 3). The HRs of the Cr/CysC ratio as a continuous variable for composite outcome, all-cause death, and CVEs were 0.92 (95% CI, 0.85 − 0.99, P = 0.05), 0.87 (95% CI, 0.78 − 0.97, P = 0.02), and 0.93 (95% CI, 0.84 − 1.04, P = 0.2), respectively, in model 2. The HRs for Q4, the quartile with the highest Cr/CysC ratio, for the composite outcome, all-cause death, and CVEs were 0.69 (95% CI, 0.45 − 0.99, P = 0.05), 0.54 (95% CI, 0.30 − 0.97, P = 0.04), and 0.72 (95% CI, 0.43 − 1.21, P = 0.2), respectively, in model 2.


TABLE 3    Hazard ratio for death and cardiovascular events based on the Cr/CysC ratio in 1,966 adults with chronic kidney disease.
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The associations between the Cr/CysC ratio and the composite outcome, all-cause death, and CVEs were showed using a cubic spline analysis. The risks for the composite outcome, all-cause death, and CVEs were lower with greater Cr/CysC ratio. The risk for all-cause death became progressively lower as the Cr/CysC ratio increased (Figure 2).
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FIGURE 2
Cubic spline model shows relationship of creatinine/cystatin C ratio with (A) composite outcomes, (B) all-cause death, and (C) cardiovascular events. Adjustments were made for model 2 variables (age, sex, eGFR, ACR, diabetes, cardiovascular disease, body mass index, smoking, albumin, C-reactive protein).




Subgroup analysis

We further examined the effect of modification of the Cr/CysC ratio on risk of the composite outcome, all-cause death, and CVEs in several subgroups (Figure 3). The association between the Cr/CysC ratio and the composite outcome, all-cause death, and CVEs was consistent across eGFR subgroups (< 45 vs. ≥ 45 mL/min/1.73 m2). The relationship between the Cr/CysC ratio quartile and composite outcomes was attenuated in younger adults (age < 50 years) (P for interaction = 0.05). The relationship between the Cr/CysC ratio quartile and composite outcomes was attenuated in males (P for interaction = 0.02). We found significant interactions among subgroups by age and sex.
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FIGURE 3
There were different risks of (A) composite outcomes, (B) all-cause death, and (C) cardiovascular events according to subgroups in the multivariable-adjusted Cox proportional hazards model (Model 2).





Discussion

In this study, we found that the serum Cr/CysC ratio was associated with the risk of a composite outcome of all-cause death and CVEs in adults with non-dialysis CKD, regardless of kidney function. The serum Cr/CysC ratio had a significantly positive correlation with urinary creatinine excretion, a muscle mass marker (15). A higher Cr/CysC ratio was strongly associated with a lower risk of all-cause death and that association was independent of demographics, comorbidities, and clinical factors at baseline. Among the subgroups of patients, the association between the Cr/CysC ratio and the composite outcomes was consistent across eGFR subgroups. These findings suggest that the Cr/CysC ratio could be a prognostic marker of clinical outcomes in CKD.

Serum creatinine and cystatin C are widely used endogenous glomerular filtration markers (7). Creatinine is an end product of muscle catabolism. Its main non-GFR determinants include muscle mass and protein intake, and it varies substantially by age, sex, and chronic illness (16, 17). Cystatin C is low-molecular weight protein enzymes produced by nucleated cells that is involved in the inflammatory cascade. Its serum concentration can be affected by non-GFR determinants such as inflammation, cardiovascular disease, obesity, and smoking (18, 19).

Previous studies reported a positive correlation between the Cr/CysC ratio and muscle mass in patients with intensive care unit (9), older adults (10), type 2 diabetes (20), chronic lung disease (21), or cancer (22). Kashani et al. (9) defined the Cr/CysC ratio as a sarcopenic index that correlated significantly with muscle mass measured abdominal CT scan. As a sarcopenic index, it predicted mortality in 226 patients receiving intensive care. Moreover, a recent study reported that the Cr/CysC ratio correlated with muscle quality (myosteatosis) and physical performance in older adults, independent of muscle mass (23). The Cr/CysC ratio was associated with major adverse CVEs in patients with obstructive coronary artery disease. In patients receiving intensive care and continuous kidney replacement therapy, a higher Cr/CysC ratio was associated with longer survival (11). In a cross-sectional study of 272 patients with CKD, the Cr/CysC ratio correlated with skeletal muscle mass and hand grip strength, and appeared to be a surrogate marker for muscle wasting (12). In our study, serum Cr/CysC was independently and positively correlated with urine creatinine excretion. Thus, Cr/CysC could be represent as a muscle wasting marker in CKD.

For reasons similar to those put forward for creatinine and cystatin C, a larger difference between cystatin C- and creatinine-eGFR has been associated with lower frailty, injurious falls, hospitalization, CVEs, and mortality in adults with hypertension of a cohort of the Systolic Blood Pressure Intervention Trial (SPLINT) (24). Kim et al. (25) reported that a positive difference between cystatin C- and creatinine-eGFR in the KNOW-CKD cohort was associated with a higher risk of CVEs and accelerated coronary artery calcification. However, information about the association between the straight-forward serum Cr/Cys C ratio and long-term clinical outcomes from CKD is limited. In this study, we showed that a higher Cr/CysC ratio was associated with a lower risk of CVEs and all-cause death. Among the subgroups of patients, we found significant interaction among subgroups by age and sex, but no interaction among subgroups by eGFR.

Patients with CKD have many risk factor for muscle wasting, including poor appetite, inflammation, insulin resistance, and metabolic acidosis (2, 3). Muscle wasting is thus relevant in CKD, but it goes underdiagnosed. There are several methods for assessing muscle mass with imaging, such as DXA, computed tomography or magnetic resonance imaging (4, 5). However, those tests are costly, entail radiation, and are not available in all clinical settings. Bioimpedance is an inexpensive alternative for assessing body composition, but it is greatly influenced by hydration status and limb size in CKD. Instead, we suggest the serum Cr/Cys C ratio, which is readily available and time effective for capturing sarcopenia and serve as a biomarker of adverse outcomes in CKD.

This study has several limitations. First, in the KNOW-CKD cohort, all-cause death, CVEs, and the composite outcomes occurred in only 130 (6.6%), 163 (8.3%), and 258 (13.1%) patients, respectively, which is lower than in other CKD cohorts. We previously showed that our cohort had a lower cardiovascular risk burden than other cohorts (26, 27) and our lower event rate could have decreased the statistical power of our results. Second, we adjusted for several clinical factors in multivariable analyses, but other factors might also influence serum creatinine and cystatin C levels. For example, we did not evaluate protein intake, volume status, exercise habits, medications, and thyroid function. Third, we did not have data about sarcopenia. We did not measure muscle mass using an image analysis or muscle function by grip strength or walking speed. We therefore could not directly investigate the association between the serum Cr/Cys C and sarcopenia in CKD. Forth, our study participants were all Korean patients with CKD. Sex and age modified the association between Cr/CysC ratio and clinical outcomes. A recent study reported that a higher Cr/CysC ratio was associated with lower mortality in both non-black and black race people. However, the effect was more significant among black people (28). Therefore, it might be difficult to generalize our findings to all patients with CKD. Further studies are required to extrapolate our present findings. Despite those limitations, our study has several strengths. We used comprehensive health history and laboratory data from the nationwide KNOW-CKD cohort. All blood samples were sent to a single central laboratory for accurate measurement of serum creatinine and cystatin C. We found that the serum Cr/Cys C ratio is a simple marker for clinical outcomes. The serum Cr/CysC level was associated with 24-h urine creatinine, albumin and CRP, and might be link for muscle mass, nutrition, and inflammation in CKD.



Conclusion

In conclusion, the serum Cr/Cys C ratio is associated with the risk of all-cause of death and CVEs among adults with non-dialysis CKD. These findings suggest that the Cr/CysC ratio could be used a prognosis marker for adults with non-dialysis CKD. Further evaluations are needed for its generalized application of our results.
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