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Glomerular filtration rate (GFR) is the best overall index of kidney function. Knowledge 

of GFR is essential to the diagnosis, classification, management, and monitoring of 

kidney disease. Measurement of GFR can be directly performed by measurement of an 

ideal filtration marker in urine and plasma but is very cumbersome and unsuitable for 

widespread clinical application. As a result, this has spurred research into simpler and 

reliable methods for estimating GFR. Serum measurements of cystatin C (cysC), 

creatinine and their equations are the most widely used indirect markers, while symmetric 

dimethylarginine (SDMA) is an emerging marker. SDMA is the catabolic product of 

post-translationally methylated arginine-containing proteins and is almost exclusively 

eliminated in urine. SDMA has been shown to be increased in patients with kidney 

disease and has been correlated to markers of kidney disease. However, an across the 

board study comparing the performance of SDMA with cysC and creatinine against direct 

measures of GFR are lacking in the literature.  

The objective of this study was to compare the performance of SDMA, cysC, 

creatinine and their equations to direct GFR measurement by radioactive iothalamate. In 

addition, we evaluated the clinical performance of all markers for the determination of 

subject eligibility for kidney transplant donation, which requires a GFR>80 

mL/min/1.73m
2
. 

A total of 40 subjects were included in this study. Left-over EDTA plasma and 

serum separator tubes were collected for this study with prior IRB approval. Values of 

GFR as determined by radioactive iothalamate ranged from 13 to 143 mL/min/1.73m
2
. 

Subjects were all adults with an age range of 21-76 y. The vast majority of participants 

were white (87.5%), and the slight majority was male (55%). A published LC-MS/MS 

method was used for measuring SDMA. CysC and creatinine were measured by Cobas 



8000 (Roche Diagnostics, Indianapolis, IN). EP Evaluator release 10® and Microsoft 

Excel 2010® were used for the statistical analysis. 

The Creatinine and CysC equations compared are listed in Table 1 below: 

Table 1: eGFR Equations used in this study. 

Name Equation 

eGFR MDRD )(742.0)(212.1175 203.0154.1
femaleifblackifAgeSCr ××××

−−  

in which SCr is serum creatinine 

eGFR Epi 

(Creatinine) )(018.1

)(159.1993.0)1,/max()1,/min(141 209.1

femaleif

blackifSCrSCr
Age

×

××××
−

κκ
α

 

in which κ is 0.7 for women and 0.9 for men, α is -0.329 for women and -

0.411 for men, min indicates minimum of SCr/κ or 1, and max indicates 

maximum of SCr/κ or 1. 

eGFR Epi 

(Cystatin C) )(932.0

996.0)1,8.0/max()1,8.0/min(133 328.1499.0

femaleif

ScysScys
Age

×

×××
−−

 

in which Scys is serum cystatin C, min indicates minimum of Scys/0.8 or 1, 

and max indicates maximum of Scys/0.8 or 1. 

eGFR Epi 

(Creatinine & 

Cystatin C) 

)(969.0)(08.1995.0)1,8.0/max(

)1,8.0/min()1,/max()1,/min(135

711.0

375.0601.0

femaleifblackifScys

ScysSCrSCr

Age
××××

×××

−

−−

κκ
α

 

in which κ is 0.7 for women and 0.9 for men, α is -0.329 for women and -

0.411 for men, min indicates minimum of SCr/κ or 1, and max indicates 

maximum of SCr/κ or 1. 

Correlations calculated using Excel 2010 are shown in table 2 and ROC curves 

with their summaries generated by EP evaluator are shown in Figure 1 and Table 3. 

Table 2: Correlation analysis data 

Name Trendline equation Correlation coefficient (R
2
) 

Creatinine y=6.9441x
-0.475 

0.5827 

SDMA y=10.673x
-0.686 

0.7544 

Cystatin C y=19.802x
-0.705 

0.8466 

eGFR MDRD y=0.6392x + 31.698 0.6534 

eGFR EPI (Creatinine) y=0.6613x + 33.79 0.7183 

eGFR EPI (Cystatin C) y=0.8622x + 15.18 0.7568 

eGFR EPI (Creat & Cys C) y=0.82x + 20.504 0.8008 



 

 

Figure 1: Receiver operating characteristic (ROC) curve comparing the performance of 

Cystatin C, SDMA and creatinine in the left panel and eGFR MDRD, eGFR EPI 

creatinine, eGFR EPI Cystatin C, and eGFR EPI Creatinine + Cystatin C in the right 

panel. 

Table 3: Summary of ROC comparisons 

Name AUC Max Efficiency Point 

Cutoff Sensitivity Specificity 

Creatinine 0.767 0.64 31.3 100 

SDMA 0.882 0.51 68.8 91.7 

Cystatin C 0.923 0.85 75 95.8 

eGFR MDRD 0.897 87 81.3 87.5 

eGFR EPI (Creatinine) 0.913 96 81.3 87.5 

eGFR EPI (Cystatin C) 0.948 102 81.3 95.8 

eGFR EPI (Creat & Cys C) 0.944 89 93.8 83.3 

Among the markers compared, CysC showed the best overall correlation with 

GFR (r
2
=0.8466) and clinical sensitivity (75%) and specificity (95.8%) for kidney 

transplant donor eligibility (GFR>80), followed by SDMA then creatinine.  



Unfortunately, SDMA does not have an equation developed yet to be compared 

with the rest. 

In conclusion, SDMA outperformed creatinine but not CysC when compared with 

direct measurement of GFR by iothalamate. The equation containing CysC performed the 

best with a good AUC of 0.948, suggesting it could be used as screening tool for kidney 

transplant donors instead of the more expensive and laborious iothalamate clearance. 

Important limitations of this study are the limited sample number (n=40) and that 

the majority of the subjects were white. 


