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ABSTRACT: The National Kidney Foundation (NKF), through its Kidney Disease Outcomes Quality Initiative 
(K/DOQI), and other National institutions proposed glomerular filtration rate (GFR) to describe, classify, screen and 
examine chronic kidney disease (CKD). GFR is the standard measure of renal function but cannot be practically 
measured for clinical and research purposes, so serum creatinine (Scr) is used to calculate estimated GFR (eGFR) 
which is affected by age, weight, muscle mass, race, various medications and extra-glomerular elimination. To 
overcome this Cystatin C (CysC) is new and reliable marker for renal function due to its low molecular weight it is 
freely filtered through glomerulus, completely reabsorbed and catabolized, but not secreted, by tubular cells. Various 
equations used for GFR estimation such as the Modification of Diet in Renal Disease (MDRD) Study equation, 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) and Cockcroft–Gault (CG) equation based on Scr , 
Grubb and Hoek equation based on CysC and  Stevens equation based on both SCr and CysC are used. CKD–EPI is 
preferred for identifying patients with CKD and for staging the disease. The risk of underestimation of kidney 
function with MDRD is highest when the GFR is 30 mL/minute/1.73 m2 so GFR is calculated by CKD–EPI equation 
for these persons.  CKD–EPI is recommended for diagnosis and staging when the addition of appropriate 
prophylactic drugs or avoidance of certain nephrotoxic drugs should occur.   
The aim of this review is to evaluate from recent literature available different exogenous and endogenous markers 
used for the determination of GFR and which marker found suitable for the determination of GFR according to 
literature available on PubMed and determine their reliability in the detection and monitoring of CKD and its stages. 
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INTRODUCTION  
The GFR is the best indicator of renal function (Grubb et al., 2005). By definition, GFR is the rate at which 
substances are filtered from the blood, of the glomeruli into Bowman’s capsules of the nephrons. Early stages of 
renal function impairment are clinically silent and are diagnosed only by measuring GFR by external filtration 
markers (measured GFR, mGFR) (Coresh et al., 2005) When GFR <60, functional impairments is detected by 
internal filtration markers and calculated eGFR (Stevens et al., 2008). The complications of CKD increase with 
decreasing GFR and may progress from gradual reduction in renal function to end-stage renal disease (ESRD). Low 
GFR is risk factor for cardiovascular disease (CVD) mortality (Matsushita et al., 2010; Levey et al., 2011). 
Appropriate dosing of drugs excreted by the kidney is usually based on GFR so GFR is the best marker for assessing 
the overall function of the kidney (Toto et al., 1995) 
Measurement of Glomerular Filteration Rate 
GFR cannot be measured directly in humans. It has to be determined indirectly by measuring the clearance of an 
ideal filtration marker. Such marker has to be freely filtered at the level of the glomerulus so the molecular weight of 
such a marker has to be low and the compound must not bind to plasma proteins. The ideal marker must be able to 
achieve a stable plasma concentration, should not be reabsorbed, secreted or metabolized by the kidney, should be 
physiologically inert and should not alter renal function. Several methods used to measure GFR involve the 
measurement of ability of the kidney to clear an exogenous or endogenous marker. 
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Renal clearance of a substance is defined as the volume of plasma from which the substance is completely cleared by 
the kidneys per unit of time. Depicted as GFR = (US ×V) /PS, where GFR = the flow rate in milliliters per minute of 
plasma through the glomerular membranes. US = Urinary concentration of the substance, V = Volumetric flow rate 
of urine in milliliters per minute, PS = Plasma concentration of the substance  
Renal clearance techniques involve measuring blood and urine concentrations of either endogenous or exogenous 
substances. GFR is best determined under standardized conditions, which include discontinuation of medication,  
prior fasting, sufficient water loading to maintain a urine flow rate >1 mL/min, and complete bladder emptying 
because GFR deviate from normal values for age from various influences including diet, postural changes, alterations 
in renal nervous tone, hormones, prostaglandins, atrial natriuretic peptide, drugs, pregnancy, and renal diseases. 
Determination of mGFR and eGFR is useful to measure renal function in patients with high prevalence of GFR <60, 
staging of CKD into stages I–V and the usefulness of function-preserving treatment measures.  
 
EXOGENOUS FILTRATION MARKERS (m GFR) - 
Radio isotopic Markers-  
These markers include 51Cr-ethylenediaminetetraacetic acid (EDTA) (Askergren et al., 1981; Blake et al., 1997; 
Brochner-Mortensen et al., 1969; Chantler et al., 1972).  99mTc, diethylenetriaminepentaacetic acid (DTPA), and 
125Iiothalamate. 51Cr-EDTA is best marker as compare to 99mTc-DTPA and 125I-iothalamate because its clearance is 
closest to inulin clearance (Brochner-Mortensen et al., 1969 ; Blaufox et al., 1996). When GFR is measured using 
urinary or plasma clearance methods, it is essential that renal tubular secretion or reabsorption does not contribute to 
elimination of the compound, plasma protein binding of the radioisotopic markers is negligible, and no extra-renal 
elimination of the marker occurs.  In patients with low GFR (<30 mL/min) and in patients with ascites or edema, best 
preferred method is renal clearance method ( Blaufox et al.,1996). 
Non radiosotopic Markers 
Nonradioactive compounds inulin and iohexol (Effersoe et al., 1990) is used to measure GFR. Inulin clearance used 
as gold standard measure of GFR (Van Rossum et al., 2003) because it is freely filtered by the glomerulus, not 
reabsorbed, secreted, or metabolized by the renal tubule, not bound to plasma proteins, nontoxic, and physiologically 
inert, but it requires continuous intravenous infusion; multiple timed urine collections and its measurement is 
expensive so it is only used in research studies when very accurate estimation of renal function is required.   
In Iohexol Clearance non radio labelled iodinated contrast agent, iohexol is used and measured by HPLC with 
reversed-phase separation and UV detection, following prior deproteinization with perchloric acid (Krutzen et al., 
1984). This method is again very expensive and time consuming (Brown et al., 1991; Gaspari et al., 1998; Arvidsson 
et al., 1990 ; Krutzen  et al., 1984). So a new technique is proposed based on X-ray fluorescence, but this method is 
less sensitive than HPLC and requires administration of significantly larger doses of iohexol, leading to higher risk 
of nephrotoxicity and adverse reactions (Brown et al., 1991; Gaspari et al., 1998; Rocco et al., 1996). 
Endogenous filtration markers  
Creatinine and low molecular weight proteins cystatin C have been used as endogenous markers of GFR. Most 
widely used endogenous markers of GFR is Creatinine expressed as its serum concentration or as renal clearance 
(Rehberg et al., 1926) based on the renal clearance of exogenously administered creatinine. In 1937 the use of 
endogenous creatinine clearance was developed. (Popper et al., 1937) 
Creatinine  
GFR is determined by measuring Scr which is freely filtered at the glomerulus and its concentration is inversely 
proportional to the GFR, so that each halving of the GFR results in a doubling of the Scr   concentration (Kassirer et 
al., 1971). Creatinine having molecular mass 113 Da, is a near perfect filteration marker and this is measured by 
standardized method based on modified jaffe’s reaction which is able to separate Creatinine from non-creatinine 
chromogens (e.g. acetic acid, acetone, pyruvate, glucose, ascorbic acid, bilirubin) (Tomlinson et al., 1969 ; Horber et 
al., 1985). The ratio of creatinine clearance to inulin clearance ranges from 1.1 to 1.4 (Smith, 1951; Shannon, 1935; 
Dodge et al., 1928; Shemesh et al., 1985; Levey et al., 1988). In severe renal insufficiency patients the ratio may 
reach 2.5, indicates as much as 60% of urinary creatinine is derived from tubular secretion. GFR will deviate from 
normal value which is 130 mL/mm/1.73 m2 of body surface area in men and 120 mL/min/1.73 m2 in women under 
the age of 30 years and declines with age there after (Wesson, 1969; Matsushita et al., 2010).         
Creatinine Clearance. 
Creatinine is endogenously produced and released into body fluids at a constant rate, its clearance can be measured 
and is an indicator of GFR (Perrone et al., 1992). Creatinine clearance in the past has been seen as more sensitive for 
detection of renal dysfunction than serum creatinine measurement but it requires timed urine collection, which is 
laborious and inconvient (Goldberg et al., 1987; Payne, 1986; Ricos et al., 1994) Also Creatinine clearance provide 
only crude index of GFR. 
 
CrCl (mL/min) = [Urinary creatinine (mg/dL) x urine volume (mL/ min)] / [SCr (mg/dL)] 
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Cystatin C and other low molecular weight protein- 
Several low molecular weight proteins of <30 KDa like α2-microglobulin, RBP (Retinol binding protein), α1-
microglobulin, β-trace protein, (Priem et al., 1999) and CysC are freely filtered from circulation by renal filteration, 
then reabsorbed in the proximal tubule or excreted into the urine so these are used as a marker of GFR. But their 
serum concentrations are influenced by other, non renal factors such as inflammation (α2-microglobulin) and liver 
disease (RBP, α1-microglobulin) (Ayatse et al., 1991). 
Several groups explained CysC as more sensitive and specific means of monitoring changes in GFR than SCr. 
(Finney et al., 1997; Grubb, 1992; Kyhse-Andersen et al., 1994 ; Newman et al., 1995) CysC is a low molecular 
weight (12.8 kD) nonglycocylated cationic basic protein consisting of 120 amino acids synthesized by all nucleated 
cells belongs to the cystatin superfamily of endogenous cysteine proteinase inhibitors (Pucci et al., 2007; Shlipak et 
al., 2005; Risch et al., 2001; Bokenkamp et al., 2002) CysC have small size and high isoelectric point (pI 9.2), which 
enable this to freely filtered than other proteins at the glomerulus (Grubb, 1992). Serum concentration of CysC is 
unaffected by race, inflammatory conditions, gender, body composition, and age (after 12 months) (Finney et al., 
2000; Bokenkamp et al., 1998) clearance from the circulation occurs only by glomerular filtration (Grubb, 1992;  
Jacobsson et al., 1995; Tenstad et al., 1996) . 
Cys C can be measured by immunodiffusion or rocket electro immunoassay, but these are insensitive methods. Most 
practical methods using an automated particle-enhanced turbidimetric immunoassay (PETIA) or nephelometric 
immunoassay (PENIA) to measure the formation of antigen-antibody complexes and its reciprocal is highly 
correlated with GFR. Several commercial CysC methods are available including automated applications. CysC was 
proposed as a marker of GFR potentially superior to Scr (Dharnidharka et al., 2002). A meta-analysis of 46 cross-
sectional studies including adults and children shows the correlation of GFR with CysC is superior than creatitine 
based equation in the estimation of GFR (Brzin et al., 1984). CysC was found to be the best predictor of kidney 
failure and death from cardiovascular disease in a longitudinal cohort study of 4637 older people (Simonsen et al., 
1985). 
Newman and colleagues found that, in a group of patients with a range of GFRs, the CysC concentration increased 
earlier than creatinine as GFR decreased to about 80 mL/min/1.73 m2 compared with about 40 mL/min/1.73 m2 for 
serum creatinine (Newman et al., 1995). CysC was found to be useful to detect mild to moderate impairment of 
kidney function (Bostom et al., 2000, Coll et al., 2000). 
Advantages and limitations of Cystatin C 
Serum concentrations of CysC were found to be unaffected by muscle mass, diet, or gender (Kyhse-Andersen et al., 
1994). Though large doses of glucocorticoids (500 mg methylprednisolone) increased serum CysC concentration, 
(Grubb, 1992) low or medium doses of glucocorticoids (20 to 60 mg/day prednisone) have no effect on its 
concentration (Bokenkamp et al., 2002). Several publications suggest influence of thyroid hormone (Den Hollander 
et al., 2003; Fricker et al., 2003; Jayagopal et al., 2003). CysC levels are lower in the hypothyroid and higher in the 
hyperthyroid state as compared with the euthyroid state (Fricker et al., 2003). 
Creatinine-based eGFR 
Equations for estimating GFR 
Various equations used for GFR estimation include the Modification of Diet in Renal Disease (MDRD) (Cockcroft et 
al., 1976), the Cockcroft–Gault (CG) (Levey et al., 1999), and the Chronic Kidney Disease Epidemiology 
Collaboration (CKD–EPI) (Levey et al., 2009) for adults. In children Schwartz formula was used (Schwartz et al., 
1976). 
The CG equation was the first of these three equations developed, which was determined by studying   hospitalized 
adult male patients (Dharnidharka et al.,, 2002).The CG equation underestimates GFR in the aged group and is less 
accurate in patients which have normal kidney function. 
The MDRD equation was the second equation developed in 1999 in chronic renal insufficiency study in which 1,628 
men and women were enrolled. This equation was adjusted for 4 variables - body-surface area, race, gender, and age. 
GFR is expressed as mL/min/1.73m2 and race is categorized as either black or not black. 
In the Practice Guidelines for CKD, published in 2002 by the Kidney Disease Outcomes Quality Initiative of the 
National Kidney Foundation (K/DOQI) and the more recent Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines simplified MDRD equation has been included as the primary GFR marker and staging of CKD (Levey et 
al., 2005; Levey et al., 2011). Most studies confirmed that the MDRD equation provides a more accurate assessment of 
GFR than the CG equation (Froissart et al., 2005; Poggio et al., 2005) including among diabetic patients with moderate 
to severe CKD (Rigalleau et al., 2005).  Limitations of MDRD equation is that at higher values of GFR, it shows 
significant negative bias ( Poggio et al., 2005 ;  Rule et al., 2004) and poor precision ( Poggio et al., 2005). New CKD-
EPI equation was developed in 2009 from data of 8254 people with and without CKD in 10 studies and authenticated 
in 3896 people in 16 separate populations (Levey et al., 2009). In younger people, whites and women the CKD-EPI 
equation gives higher values of eGFR compared with the MDRD equation, at this range the CKD-EPI equation was 
more accurate than the MDRD equation (Rule et al., 2004; Levey et al., 2009).  
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The CKD–EPI equation is standardize for race, Body Surface Area, age and sex and is expressed as mL/min/1.73 m2. 
In 2002 the National Kidney Foundation’s KDOQI classified CKD on the basis of eGFR. According to this CKD 
occurs when eGFR<60 mL/min/1.73m2 for ≥3 months. CKD stages are classified into Stages I–V according to the 
eGFR as follows-Stage 1 GFR >90 ml/min/1.73 m2, Stage 2 GFR 60–89 ml/min/1.73m 2, Stage 3 GFR 30–59 
ml/min/1.73 m 2, Stage 4 GFR 15–29 ml/min/1.73m 2 and Stage 5 GFR <15 ml/ min/1.73 m2.   

Table -1 Classification of stages of chronic kidney disease according to K/DOQI guidelines. 
Stages of kidney 

disease GFR(mL/min/1.73 m 2) Description Related abnormalities 

Normal > 90 Healthy kidney  

Stage 1 > 90 Normal kidney 
function Albuminuria, proteinuria, hematuria 

Stage 2 89-60 Mildly reduced kidney 
function Albuminuria, proteinuria, hematuria 

Stage  3 A 
3 B 

 

59-45 
44-30 

 

Moderately reduced 
kidney function 

 

Proteinuria, hematuria, anemia, 
hypocalcemia,hyperphosphatemia 

Stage 4 29-15 Severely reduced 
kidney function 

Proteinuria, hematuria, anemia, 
acidosis,hypocalcemia, 

hyperphosphatemia 

Stage 5 <15 or   dialysis 
Very severe or end 
stage kidney failure 

 

Uremia, anaemia, malnutrition, 
hyperparathyroidism, high B.P., 

swelling in hands/legs eyes/lower 
back, shortness of breath 

 
Table-2 Creatinine- and Cystatin C-based equations for calculation of eGFR 

Children  
 Creatinine-based 

Pediatric Schwartz equation (Schwartz et al.,1976) 
 

GFR (ml/min/1.73 m2) = (0.41× height, cm)/ (serum creatinine, 
mg/dl). 

Counahan-Barratt equation (Counahan et al., 1976) eGFR (mL /min) = 0.43 × height (cm) × (SCr mg/dL])–1 

Equation according to Grubb et al. (Grubb et al., 2005) 
Cystatin C-based 

eGFR (mL /min/1.73 m2 ) = 84.69 × (S cystatin C [mg / L])–1.68 × 
1.384 (in children <14 years) 

Adults  

Cockcroft-Gault equation (Levey et al., 1999) 

 

Creatinine-based 
C Cr (mL / min) = (140 – age [years]) × (SCr [mg / dL])–1 × (BW 

[kg] × [72]–1) 
Correction factor: for women × 0.85 

MDRD equation (Stevens et al., 2008) 

 

Creatinine-based                                          
eGFR (mL / min/ 1.73 m2) = 175 × (SCr standardized [mg / dL])–

1.154 × (age [years])–0.203 
Correction factor: for women × 0.742  for blacks × 1.18 

eGFR_CKDEPI ( Levey et al.,2009) 

Serum Creatinine [Scr] in mg/dl based 
Female 

If Serum Creatinine ≤0.7mg/dl 
GFR =166 × (Scr/0.7)0.329 × (0.993)Age 

If Serum Creatinine ≥0.7mg/dl 
GFR =166 × (Scr/0.7)1.209 × (0.993)Age 

Male 
If Serum Creatinine ≤0.9mg/dl 

GFR =163 × (Scr/0.9)0.411 × (0.993)Age 

If Serum Creatinine ≥0.9mg/dl 
GFR =163 × (Scr/0.9)1.209 × (0.993)Age 

Equation according to Hoek et al., (2003) Cystatin C-based 
eGFR (mL/min/1.73 m2) = 80.35 × (S cystatin C [mg / L] – 4)–1.68 

Stevens et al .,( 2008) GFR = 177.6 x SCr-0.65 x CysC-0.57 x age-0.20 x 
0.82 (if female) x 1.11 (if black) 
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Estimating GFR for medication adjustment 
NKF  and the American College of Cardiology (ACC)/American Heart Association (AHA) (Braunwald et al., 2002) 

approved CG equation for dose-adjusting medications based on kidney function. NKF recommends that MDRD 
unadjusted for BSA (not multiplying MDRD by the patient’s BSA) is a method for adjusting medication doses based 
on kidney function.  In 1998 FDA Guidance for Industry document suggest CG for drug labelling recommendations. 
A study of 5,000 subjects found that MDRD adjusted for BSA correctly identified dose reductions 88% of the times, 
and the CG equation accurately calculated the renal dose adjustments 85% and 82% of the times, using actual and 
ideal body weights, respectively (Stevens et al., 2009). 
Benefits and limitations of the MDRD equation  
Advantages of the MDRD equation when compared with nuclear medicine techniques, which are considered as the 
gold standard for kidney function measurement, creatinine or urea clearance is that the formula was more accurate 
and this equation does not require 24-hour urine collection, which is inconvenient for patients yielding false positives 
for CKD.  Limitations of this equation is that it cannot evaluated in persons <18 years and >75 years of age, pregnant 
women, extremes in body size and races other than Caucasian and African American. MDRD equation was not 
suitable in normal renal function type I diabetes, elderly, and kidney transplant recipients (Norden et al., 1987;  Waz  
et al., 1993 ;  Stoves et al., 2002). 
 

Table-3 Standard Markers of Glomerular Filtration Rate 
 

Standard Markers Advantages Disadvantages 

Gold standard 

Inulin 
continuous-infusion 

urinary clearance 
method 

Gold standard 

Exogenous, time-consuming 
(Estelberger et al., 1995). 

requires timed urine collection 
Poor specificity of analysis 

Silver standard 
Inulin  

single-bolus plasma 
clearance method 

 
Exogenous, Time-consuming

(Estelberger et al., 1995). 
Poor specificity of analysis 

 

51Cr-EDTA                
(Rehling et al., 1984) 

99mTc-TPA                
(Effersoe et al., 1990),  

125 I-iothalamate 

Radioisotopic Exogenous, Radioisotopic. 
Time-consuming 

 Iohexol Nonradioisotopic Exogenous 

Bronze standard Creatinine 

Endogenous, Inexpensive 
Can be used to estimate 

GFR from equations 
(e.g., MDRD,CKD-EPI) 

Poor sensitivity and specificity 

 Cystatin C 

Not secreted and 
reabsorbed and more 

sensitive and specific than 
creatinine 

Influence of thyroid function ( 
Den Hollander et al., 2003;  

Fricker et al., 2003 ; Jayagopal 
et al., 2003) 

Other markers Creatinine clearance and Urea Endogenous and 
Inexpensive 

Requires timed urine 
collection Inaccurate, Poor 
sensitivity and specificity 

 
Retinol binding 

protein (RBP) and α1-
Microglobulin 

Endogenous 
Not secreted/reabsorbed 

Non renal influences on 
production rate 

 
Cystatin C-based eGFR 
Several groups have recently developed equations to calculate GFR from serum CysC.  In comparison with the 
MDRD equation, which was calculated from a large population in a multicenter study, CysC based equations were 
created and validated in smaller samples using different gold standard measurements for GFR.  CysC based equation 
for children according to Grubb (Grubb et al., 2005) has proved more reliable than the Counahan-Barratt equation 

(Counahan et al., 1976) and for adults Hoek equation (Hoek et al., 2003) is more sensitive than the MDRD equation. 
In older age groups the physiological decrease in GFR from year to year is listed  more sensitively with CysC based 
eGFR than GFR estimated by the MDRD equation (Shlipak et al., 2009), and GFR >3 is associated with a higher 
successive risk of mortality (Rifkin et al., 2008).   
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Recently, (Stevens et al., 2008) developed an equation to estimate eGFR which include both SCr and CysC. Age, 
gender and race better than earlier equation based on SCr and CysC regarding to bias, precision and accuracy 
(Rigalleau et al., 2007; Ma et al., 2007, Tidman et al., 2007)   
Advantages of Cystatin C based eGFR 
CysC based eGFR sensitive for acute as well as chronic kidney disease and this eGFR estimation is independent of 
age, sex, race, lean muscle mass and diet. In patients having potentially nephrotoxic medications such as contrast 
media cancer therapeutics or antibiotics in cardiovascular disease patient’s early detection of kidney damage is 
possible which improves patient’s outcome in renal disease. 
 
CONCLUSIONS  
The goal of GFR determination is to diagnose chronic kidney disease in early stages to enable clinicians to slow its 
progress. GFR is determined by various exogenous and endogenous markers. Exogenous marker such as inulin is gold 
standard marker of GFR but it is time consuming and required timed urine collection to avoid these endogenous markers 
based GFR equation introduced which is based on SCr, CysC and both SCr, CysC. Most research studies shows that CKD–
EPI is the most accurate method for diagnosis and staging of CKD and CG for drug-dosing decisions. The FDA 
recommends that CG and MDRD both incorporated into the drug label. 
 

REFERENCES 
 
Arvidsson A. and Hedman A. (1990). “Plasma and renal clearance of iohexol—a study on the reproducibility of a 

method for the glomerular filtration rate,” Scandinavian Journal of Clinical and Laboratory Investigation, 
vol. 50, no. 7, pp. 757–761. 

Askergren A, Brandt R, Gullquist R, Silk B, Strandell T. (1981). Studies on kidney function in subjects exposed to 
organic solvents. IV. Effect on 51-Cr-EDTA clearance. Acta Med Scand 210:373-6. 

Askergren A, Brandt R, Gullquist R, Silk B, Strandell T. (1981). The effect of fluid deprivation, antidiuretic 
hormone and forced fluid intake on 51-Cr-EDTA clearance. Acta Med Scand 210: 377-80. 

Ayatse JO, Kwan JT. (1991). Relative sensitivity of serum and urinary retinol binding protein and alpha-1 
microglobulin in the assessment of renal function. Ann Clin Biochem 28: 514-6. 

Blake GM, Roe D, Lazarus CR. (1997). Long-term precision of glomerular filtration rate measurements using 51Cr-
EDTA plasma clearance. Nucl Med Commun 18:776-84. 

Blaufox MD, Aurell M, Bubeck B, Fommei E, Piepsz A, Russell C, Andrew T, Henrik S. T.and Duccio V. (1996). 
Report of the Radionuclides in Nephrourology Committee on renal clearance. J Nucl Med 37:1883-90. 

Bokenkamp A, Domanetzki M, Zinck R, (1998). Reference values for cystatin C serum concentrations in children. 
Pediatr Nephrol. 12:125–129.  

Bokenkamp A, van Wijk JA, Lentze MJ, Stoffel-Wagner B. (2002). Effect of corticosteroid therapy on serum 
cystatin C and beta2-microglobulin concentrations. Clin Chem 48:1123-1126.    

Bostom AG, Dworkin LD. (2000). Cystatin C measurement: improved detection of mild decrements in glomerular 
filtration rate versus creatinine-based estimates? Am J Kidney Dis 36:205-7 

Braunwald E, Antman EM, Beasley JW, (2002). American College of Cardiology; American Heart Association. 
Committee on the Management of Patients with Unstable Angina. ACC/AHA 2002 guideline update for the 
management of patients with unstable angina and non-ST-segment elevation myocardial infarction – 
summary article: a report of the American College of Cardiology/American Heart Association task force on 
practice guidelines (Committee on the Management of Patients with Unstable Angina). J Am Coll Cardiol. 
40(7):1366–1374.   

Brochner-Mortensen J, Giese J, Rossing N. (1969). Renal inulin clearance versus total plasma clearance of 51Cr-
EDTA. Scand J Clin Lab Invest 23:301-5. 

Brown S. C. W. and Reilly P. H. O, (1991).  “Iohexol clearance for the determination of glomerular filtration rate in 
clinical practice: evidence for a new gold standard,” Journal of Urology, vol. 146, no. 3, pp. 675–679,  

Brzin J, Popovic T, Turk V. Human cystatin, a new protein inhibitor of cysteine proteinases. Biochem Biophys Res 
Comm 1984; 118:103-109.   

Chantler C, Barratt TM. (1972). Estimation of glomerular filtration rate from plasma clearance of 51-chromium 
edetic acid. Arch Dis Child 47:613-7. 

Cockcroft DW, Gault MH. (1976). Prediction of creatinine clearance from serum creatinine. Nephron. 16(1):31–41.  
Coll E, Botey A, Alvarez L, Poch E, Quinto L, Saurina A, Vera M, Piera C, Darnell A. (2000). Serum cystatin C as a 

new marker for noninvasive estimation of glomerular filtration rate and as a marker for early renal 
impairment. Am J Kidney Dis; 36:29-34. 

Coresh J, Byrd-Holt D, Astor BC, Briggs PJ, Eggers W P, Lacher DA, Hostetter HT. (2005). Chronic kidney disease 
awareness, prevalence, and trends among U.S. adults, 1999 to 2000. J Am Soc Nephrol; 16: 180–8. 

International Journal of Applied Biology and Pharmaceutical Technology          Page: 12                         
Available online at www.ijabpt.com 



 

Achla Jain et al                                                                                    Copyrights@2015, ISSN: 0976-4550               

Counahan R, Chantler C, Ghazali S, Kirkwood B, Rose F, Barratt TM. (1976). Estimation of glomerular filtration 
rate from plasma creatinine concentration in children. Arch Dis Child; 51: 875–8. 

Den Hollander JG, Wulkan RW, Mantel MJ, Berghout A. (2003). Is cystatin C a marker of glomerular filtration rate 
in thyroid dysfunction? Clin Chem; 49:1558-9.  

Dharnidharka V. R., Won C.K, and Stevens G. (2002). “Serum cystatin C is superior to serum creatinine as a marker 
of kidney function: a meta-analysis,” The American Journal of Kidney Diseases, vol. 40, no. 2, pp. 221–226. 

Dodge WF, Travis LB47. Hahn A, Meyer G. (1928). On the mutual transformation of creatine and creatinine. Z Biol  
;78:111-5. 

Effersoe H, Rosenkilde P, Groth S, Jensen LI, Golman K. (1990). Measurement of renal function with iohexol: a 
comparison of iohexol, 99mTc-DTPA, and 51Cr-EDTA clearance. Invest Radiol; 25: 778-82. 

Estelberger W, Petek W, Zitta S, Mauric A, Horn S, Holzer H, Pogglitsch H. (1995). Determination of the 
glomerular filtration rate by identification of sinistrin kinetics. Eur J Clin Chem Clin Biochem; 33:201-9.  

Finney H, Newman DJ, Gruber W, Merle P, Price CP. (1997). Initial evaluation of cystatin C measurement by 
particle-enhanced immunonephelometry on the Behring nephelometer systems (BNA, BN II). Clin Chem; 
43:1016-22.  

Finney H, Newman DJ, Thakkar H, Fell JM, Price CP. (2000). Reference ranges for plasma cystatin C and creatinine 
measurements in premature infants, neonates, and older children. Arch Dis Childh.; 82:71–75. 

Fricker M, Wiesli P, Brandle M, Schwegler B, Schmid C. (2003). Impact of thyroid dysfunction on serum cystatin C. 
Kidney Int; 63:1944-7.   

Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. (2005). Predictive performance of the modification of diet 
in renal disease and Cockcroft-Gault equations for estimating renal function. J Am Soc Nephrol; 16:763-73.  

Gaspari F , Perico N ,  Matalone M,  Signorini O, Azzollini N, Mister M, Remuzzi G, (1998). “Precision of plasma 
clearance of iohexol for estimation of GFR in patients with renal disease,” Journal of the American Society 
of Nephrology, vol. 9, no. 2, pp. 310–313  

Goldberg TH, Finkelstein MS. (1987). Difficulties in estimating glomerular filtration rate in the elderly. Arch Intern 
Med; 147 :1430-3.   

Grubb A, Nyman U, Bjork J. (2005). Simple cystatin C-based prediction equations for glomerular filtration rate 
compared with the Modification of Diet in Renal Disease Prediction Equation for adults and the Schwartz 
and the Counahan-Barratt Prediction Equations for children. Clin Chem 51:1420–1431.   

Grubb A. (1992). Diagnostic value of analysis of cystatin C and protein HC in biological fluids. Clin Nephrol;38 
(Suppl 1):S20-7.  

Hoek FJ, Kempermann FA, Krediet RT: (2003). A comparison between cystatin C, plasma creatinine and the 
Cockcroft-Gault formula for the estimation of glomerular filtration rate. Nephrol Dial Transplant; 18: 2024–
31.  

Horber Fl, Scheidegger J, Frey FJ. (1985). Over estimation of renal function in glucocorticosteroid-treated patients. 
Eur J Clin Pharmacal; 28:537-41. 

Jacobsson B, Lignelid H, Bergerheim US. (1995). Transthyretin and cystatin C are catabolized in proximal tubular 
epithelial cells and the proteins are not useful as markers for renal cell carcinomas. Histopathology; 26:559-
64.  

Jayagopal V, Keevil BG, Atkin SL, Jennings PE, Kilpatrick ES. (2003). Paradoxical changes in cystatin C and serum 
creatinine in patients with hypo and hyperthyroidism. Clin Chem;49:680-1.   

Kassirer JP. (1971). Clinical evaluation of kidney function-glomerular function. N Engl J Med; 285:385-9. 
Krutzen E, Back SE, Nilsson-Ehle I, Nilsson-Ehle P. (1984). Plasma clearance of a new contrast agent, iohexol: a 

method for the assessment of glomerular filtration rate. J Lab Clin Med;104:955-61. 
Kyhse-Andersen J, Schmidt C, Nordin G, Andersson B, Nilsson-Ehle P, Lindstrom V,  (1994). Serum cystatin C, 

determined by a rapid automated particle-enhanced turbidimetric method, is a better marker than serum 
creatinine for glomerular filtration rate. Clin Chem; 40: 1921-6. 

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D, (1999). Modification of Diet in Renal Disease Study 
Group. A more accurate method to estimate glomerular filtration rate from serum creatinine: a new 
prediction equation. Ann Intern Med.; 130(6):461–470.   

Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, Gansevoort RT, Kasiske BL, Eckardt KU. 
(2011). The definition, classification and prognosis of chronic kidney disease: a KDIGO Controversies 
Conference report. Kidney Int.; 80:17–28. 

Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert J, (2005). Definition and classification of chronic 
kidney disease: a position statement from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney 
Int; 67:2089-2100.   

Levey AS, Perrone RD, Machas NE. (1988). Serum creatinine and renal function. Annu Rev Med; 39:465-90. 
Levey AS, Stevens LA, Schmid CH, (2009). CKD–PI (Chronic Kidney Disease Epidemiology Collaboration). A 

new equation to estimate glomerular filtration rate. Ann of Intern Med.; 150(9):604–612.  

International Journal of Applied Biology and Pharmaceutical Technology          Page: 13                         
Available online at www.ijabpt.com 



 

Achla Jain et al                                                                                    Copyrights@2015, ISSN: 0976-4550               

Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y. (2007). Improved GFR estimation by combined creatinine and 
cystatin C measurements. Kidney Int; 72: 1535-1542.  

Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, Coresh J, Gansevoort RT. (2010). 
Chronic Kidney Disease Prognosis Consortium. Association of estimated glomerular filtration rate and 
albuminuria with all-cause and cardiovascular mortality in general population cohorts: a collaborative meta-
analysis. Lancet. 375:2073–2081.  

Newman DJ, Thakkar H, Edwards RG, Wilkie M, White T, Grubb AO, (1995). Serum cystatin C measured by 
automated immunoassay: a more sensitive marker of changes in GFR than serum creatinine. Kidney Int 
47:312-8.  

Norden G, Bjorck S, Granerus G, and Nyberg G, (1987).  “Estimation of renal function in diabetic nephropathy. 
Comparison of five methods,” Nephron, vol. 47, no. 1, pp. 36–42,  

Payne RB. (1986). Creatinine clearance: a redundant clinical investigation. Ann Clin Biochem 23:243-50. 
Perrone RD, Madias NE, Levey AS. (1992). Serum creatinine as an index of renal function: new insights into old 

concepts. Clin Chem 38: 1933-53. 
Poggio ED, Wang X, Greene T, Van Lente F, Hall PM. (2005). Performance of the modification of diet in renal 

disease and Cockcroft-Gault equations in the estimation of GFR in health and in chronic kidney disease. J 
Am Soc Nephrol 16: 459-66.  

Popper H, Mandel E. (1937). Filtrations and reabsorptions leitung in der nierenpathologie. Erg Inn Med Kinder 
53:685-95. 

Priem F, Althaus H, Birnbaum M, Sinha P, Conradt HS, Jung K. (1999). Beta-trace protein in serum: a new marker 
of glomerular filtration rate in the creatinine-blind range. Clin Chem 45:567-8.  

Pucci L, Triscornia S, Lucchesi D. (2007). “Cystatin C and estimates of renal function: searching for a better 
measure of kidney function in diabetic patients,” Clinical Chemistry, vol. 53, no. 3, pp. 480–488  

R. D. Toto, (1995). “Conventional measurement of renal function utilizing serum creatine, creatine clearance, inulin 
and paraaminohippuric acid clearance,” Current Opinion in Nephrology and Hypertension, vol. 4, no. 6, pp. 
505–509  

Rehberg P. Studies on kidney function: II. (1926). The excretion of urea and chloride analyzed according to a 
modified filtration reabsorption theory. Biochem J 20:461-82. 

Rehberg PB. (1926). Studies on kidney function. I. The rate of filtration and reabsorption in the human kidney. 
Biochem J 20: 447-60. 

Rehling M, Moller ML, Thamdrup B, Lund JO, Trap-Jensen J. (1984). Simultaneous measurement of renal clearance 
and plasma clearance of 99mTc-labelled diethylenetriaminepenta-acetate, 51Cr-labelled ethylene 
diaminetetra-acetate and inulin in man. Clin Sci (Lond) 66:613-9.   

Ricos C, Jimenez CV, Hernandez A, Simon M, Perich C, Alvarez V. (1994).  Biological variation in urine samples 
used for analyte measurements. Clin Chem; 40:472-7. 

Rifkin D, Shlipak MG, Katz R, (2008). Rapid kidney function decline and mortality risk in older adults. Arch Intern 
Med 168: 2212–8.   

Rigalleau V, Beauvieux MC, Lasseur C, Chauveau P, Raffaitin C, Perlemoine C. (2007). The combination of 
cystatin C and serum creatinine improves the monitoring of kidney function in patients with diabetes and 
chronic kidney disease. Clin Chem 53: 1988-1989.  

Rigalleau V, Lasseur C, Perlemoine C, Barthe N, Raffaitin C, Liu C. (2005). Estimation of glomerular filtration rate 
in diabetic subjects: Cockcroft formula or modification of Diet in Renal Disease study equation? Diabetes 
Care 28:838-43. 

Risch L, Herklotz R, Blumberg A, Huber AR. (2001). Effects of glucocorticoid immunosuppression on serum 
cystatin C concentrations in renal transplant patients. Clin Chem; 47: 2055-2059. 

Rocco M. V., Buckalew V. M. Jr., Moore L. C., and Shihabi Z. K, (1996). “Capillary electrophoresis for the 
determination of glomerular filtration rate using nonradioactive iohexol,” The American Journal of Kidney 
Diseases; vol. 28, no. 2, pp. 173–177. 

Rule AD, Larson TS, Bergstralh EJ, Slezak JM, Jacobsen SJ, Cosio FG. (2004). Using serum creatinine to estimate 
glomerular filtration rate: accuracy in good health and in chronic kidney disease. Ann Intern Med; 141 : 929-
37.  

Schwartz GJ, Haycock GB, Edelmann CM Jr, Spitzer A (1976). A simple estimate of glomerular filtration rate in 
children derived from body length and plasma creatinine. Pediatrics 58: 259–63.  

Shannon J. (1935). The renal excretion of creatinine in man. J Clin Invest; 14: 403-10. 
Shemesh O, Golbetz H, Kriss JP, Myers BD. (1985). Limitations of creatinine as a filtration marker in 

glomerulopathic patients. Patients,” Kidney International, vol. 28, no. 5, pp. 830–838.  
 

International Journal of Applied Biology and Pharmaceutical Technology          Page: 14                         
Available online at www.ijabpt.com 

 



 

Achla Jain et al                                                                                      Copyrights@2015, ISSN: 0976-4550             

Shlipak M.G., Sarnak M. J., Katz R. Fried LF, Seliger SL, Newman AB, Siscovick DS, Stehman-Breen C. (2005) 
“Cystatin C and the risk of death and cardiovascular events among elderly persons,” New England Journal of 
Medicine, vol. 352, no. 20, pp. 2049– 2060. 

Shlipak MG, Katz R, Kestenhbaum B, Fried LF, Newman AB, Siscovick DS, (2009). Rate of kidney function 
decline in older adults: a comparison using creatinine and cystatin C.Am J Nephrol 30: 171–8.   

Simonsen O, Grubb A, Thysell H. (1985). The blood serum concentration of cystatin C (gamma-trace) as a measure 
of the glomerular filtration rate. Scand J Clin Lab Invest 45 :97-101.  

Smith HW. (1951). The kidney-structure and function in health and disease. New York: Oxford University Press,:39-
62,143-202.  

Stevens LA, Coresh J, Schmid CH, Feldman HI, Froissart M, Kusek J, (2008). Estimating GFR using serum cystatin 
C alone and in combination with serum creatinine: a pooled analysis of 3,418 individuals with CKD. Am J 
Kidney Dis; 51: 395-406.  

 Stevens LA, Nolin TD, Richardson MM, (2009). Chronic Kidney Disease Epidemiology Collaboration. Comparison 
of drug dosing recommendations based on measured GFR and kidney function estimating equations. Am J 
Kidney Dis. 54(1):33–42.  

Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M, Hamm LL, Lewis JB, Mauer M, Navis GJ, 
Steffes MW, Eggers PW, Coresh J, Levey AS. (2010). Comparative performance of the CKD Epidemiology 
Collaboration (CKD-EPI) and the Modification of Diet in Renal Disease (MDRD) Study equations for 
estimating GFR levels above 60 mL/min/1.73 m2. Am J Kidney Dis. 56:486–495.  

 Stevens LA, Zhang Y, Schmid CH: (2008). Evaluating the performance of equations for estimating glomerular 
filtration rate. J Nephrol; 21: 797–807.   

Stoves J, Lindley E.J , Barnfield M.C. Burniston  M.T. and New stead C. G., (2002). “MDRD equation estimates of 
glomerular filtration rate in potential living kidney donors and renal transplant recipients with impaired graft 
function,” Nephrology Dialysis Transplantation, vol. 17, no. 11, pp. 2036–2037.  

Tenstad O, Roald AB, Grubb A, Aukland K. (1996). Renal handling of radiolabelled human cystatin C in the rat. 
Scand J Clin Lab Invest 56: 409-14.   

Tidman M, Sjostrom P, Jones I. (2008). A comparison of GFR estimating formulae based upon s-cystatin C and s-
creatinine and a combination of the two. Nephrol Dial Transplant 23: 154-160.   

Tomlinson BE, Walton JN, Rebeiz JJ. (1969). The effects of aging or cachexia upon skeletal muscle-a 
histopathological study. J Neurol Sci 9:321-46. 

Van Rossum LK, Mathot RA, Cransberg K, Vulto AG. (2003). Optimal sampling strategies to assess inulin clearance 
in children by the inulin single-injection method. Clin Chem 49:1170-9. 

Waz W.R. Quattrin T. and Feld L. G. (1993). “Serum creatinine, height, and weight do not predict glomerular 
filtration rate in children with IDDM,” Diabetes Care vol. 16, no. 8, pp. 1067– 1070.  

Wesson LG, (1969). Renal hemodynamics in physiologic states. In: Physiology of the human kidney. New York: 
Grune & Stratton, 96-108. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

International Journal of Applied Biology and Pharmaceutical Technology          Page: 15                         
Available online at www.ijabpt.com 



 

 
 


