
Abstract

The most widely used investigation of renal function and GFR is the measurement of serum 
creatinine and creatinine clearance rate. This has been extremely popular in clinical medicine 
despite formidable difficulties associated with its quantification and interpretation. The main 
pathophysiological difficulties include variations in the rates of creatinine generation and its 
secretion by the renal tubules. Concentration of serum creatinine is now recognized as an 
unreliable measure of kidney function as it is affected by age, body weight, muscle mass, race 
and various medications. Several equations have been developed to improve the accuracy of 
serum creatinine level as a measure of GFR. The most widely used in adult populations are 
the Cockroft-Gault equation and the abbreviated Modification of Diet in Renal Disease 
(MDRD) equation. Even with these equations, measurement of GFR is difficult because the 
equations are less accurate with higher levels of kidney function and are affected by 
interlaboratory variation in measuring creatinine level. In the above perspective, cystatin C 
concentration has become a promising marker for kidney function in both native and 
transplanted kidneys. Because of the possible potentiality of cystatin C to be an emerging 
endogenous marker for quick and accurate assessment of renal function, we have decided to 
review elaborately on cystatin C as a marker of renal function and to review the sensitivity 
and specificity of cystatin C as an endogenous marker compared to serum creatinine. Results 
of our review study suggest that cystatin C is a better marker of renal function compared to 
serum creatinine and other endogenous markers irrespective of age, sex and clinical 
condition.
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The social and economic consequences of chronic 
renal failure are considerable.1 Acute renal failure 
(ARF) defined by a rapid decrease of glomerular 
filtration rate (GFR) is associated with high 
mortality. Early and accurate detection of decreasing 
GFR is critical to prevent the progression of acute 
renal failure and to potentially improve its outcome.2

The most widely used investigation of renal function 
and GFR is the measurement of serum creatinine and 
creatinine clearance rate. This has been extremely 
popular in clinical medicine despite formidable 
difficulties associated with its quantification and 

interpretation.3 The main pathophysiological 
difficulties include variations in the rates of 
creatinine generation and its secretion by the renal 
tubules.4

Concentration of serum creatinine is now recognized 
as an unreliable measure of kidney function because 
it is affected by age, body weight, muscle mass, race 
and various medications.5,6 As muscle mass falls 
with age, less creatinine is produced each day. Serum 
creatinine can thus be a misleading guide in renal 
function in poorly nourished older people with low 
muscle mass.1 Creatinine clearance is not a perfect 
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marker of GFR because a small amount of it is 
secreted by the tubules, so the amount of 
creatinine excreted slightly exceeds the amount 
filtered.7 The creatinine clearance can diminish 
quite significantly before the plasma creatinine 
increases above the reference intervals; thus, a 
normal plasma creatinine does not necessarily 
equate with normal renal function. Plasma 
creatinine level equates with renal function, only 
when the influence of muscle mass, exercise, and 
diet on creatinine level is duly considered.8

Several equations have been developed to 
improve the accuracy of serum creatinine level as 
a measure of GFR. The most widely used in adult 
populations are the Cockroft-Gault equation and 
the abbreviated Modification of Diet in Renal 
Disease (MDRD) equation. Even with these 
equations, measurement of GFR is difficult 
because the equations are less accurate with 
higher levels of kidney function and are affected 
by interlaboratory variation in measuring 
creatinine level.9

A number of proteins with molecular weights of 
less than 30 kD are predominantly cleared from 
the circulation by renal filtration and can be 
considered to be relatively freely filtered at the 
glomerular filtration barrier. These include β2-
microglobulin,  retinol  binding  protein  (RBP),  
α1-microglobulin  and cystatin C. However, apart 
from cystatin C, all the other proteins have been 
shown to have serum concentrations that are 
influenced by nonrenal factors such as 
inflammation (β2-microglobulin) and liver disease 
(RBP, α1-microglobulin).10-12

The relationship between the circulating 
concentrations of these proteins and renal function 
shows the same curvilinear form as seen in 
creatinine, but several groups have demonstrated 
that cystatin C measurement may offer a more 
sensitive and specific monitoring of changes of 
GFR than serum creatinine.12-14 With regard to 
renal function, its most important attributes are its 
small size and high isoelectric pH (9.2), which 
enable it to be more freely filtered than the above-
mentioned proteins at the glomerulus.11 

Cystatin C is synthesized by all nucleated cells of 
body and the rate of its production is constant.11 

Results from other studies have also indicated that 
serum concentrations of cystatin  C are not influenced 
by muscle mass, diet or sex.13 It has no extrarenal 
routes of elimination, with clearance from the 
circulation only by glomerular filtration.11 

While there is an acceptable correlation between serum 
or plasma cystatin C and creatinine, the correlation 
between the reciprocal of serum cystatin C and GFR as 
assessed by 51Cr-EDTA clearance (r = 0.81) is superior 
to that with reciprocal of creatinine ( r = 0.50).8 

In the above perspective, cystatin C concentration has 
become a promising marker for kidney function in both 
native and transplanted kidneys.12 Therefore, cystatin C 
has been proposed as an endogenous marker for 
measuring glomerular filtration rate (GFR) and is 
regarded as being equivalent to or better than creatinine. 
Because of the possible potentiality of cystatin C to be 
an emerging endogenous marker for quick and accurate 
assessment of renal function we have decided to review 
elaborately on cystatin C as a marker of renal function 
and to review the sensitivity and specificity of cystatin 
C as an endogenous marker of renal function compared 
to serum creatinine.

Renal function tests
Various tests have been developed to assess the 
functions of kidneys. These include urinalysis, 
estimation of various nonprotein nitrogenous substances 
in blood and urine, clearance tests and other 
miscellaneous tests.

Glomerular filtration rate (GFR) is universally 
considered as a measure of the overall function of the 
kidney.1 The ‘gold standard’ for determining GFR is to 
measure the clearance of exogenous substances such as 
inulin, iohexol, 51Cr-EDTA, 99mTc-labeled diethylene-
amine pentaacetic acid (DTPA), or 125I-labeled 
iothalamate.15 Measurement of clearance of these 
substances is considered as ‘gold standard’ as these 
substances are exogenous, not produced in the body, 
distributed in the plasma at a uniform concentration, 
freely filtered (filtered as freely as water) at the 
glomerulus, have no extrarenal route for elimination 
and are neither reabsorbed nor secreted by the renal 
tubules and so, the rate at which these substances are 
excreted in the urine (Uc × V) is equal to their filtration 
rate by the kidneys (GFR × Pc). However, measurement 
of GFR based on clearance of these substances is time-
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consuming, labor-intensive, expensive and requires 
intravenous administration that make it incompatible 
with routine monitoring. So, the measurement of 
clearance of endogenous substances is a common 
practice.15 Moreover, several equations have been 
developed for measurement of glomerular filtration rate. 
These are Cockroft-Gault equation, MDRD equation for 
adult populations. Such formulae for pediatric 
populations are Schwartz and Counahan-Barratt 
equations. But it is unwise to expect any of these 
equations to perform well in unusual circumstances, 
such as extreme of body mass, poorer levels of kidney 
function etc.1 

Properties of an ideal endogenous blood substance to 
estimate GFR include a constant rate of release in blood, 
free filtration by the glomerulus, no reabsorption or 
secretion by the renal tubules and exclusive elimination 
through the kidneys.

Blood urea nitrogen was the first endogenous substance 
measured in serum or plasma to assess renal function. It 
is a major by-product of protein metabolism and more 
than 90% of urea is cleared by kidneys.15 Urea is freely 
filtered by glomerulus and not secreted by the renal 
tubules. However, a large portion (around 50%) is 
passively reabsorbed from the tubules.7 Thus its 
concentration underestimates GFR because some of the 
urea that is filtered returns to the blood stream. 
Furthermore, its concentration in the blood varies with 
diet, hepatic function and numerous disease states.8 
Later on serum or plasma creatinine (SCr) has become 
the most commonly used serum marker of renal 
function.15 Creatinine is a metabolic product of creatine 
and phosphocreatine in muscle tissue. Its rate of 
appearance in the circulation is related to muscle mass 
and therefore, intraindividual concentrations are 
relatively constant. However, serum creatinine 
concentrations are affected by age, gender, weight, race 
and various medications.15 

Creatinine circulates in the blood unbound to any plasma 
proteins and is freely filtered through the glomerulus. It 
is not reabsorbed by the renal tubules, but is secreted in 
small amounts, which are subject to intraindividual and 
interindividual variation.16 As plasma concentrations 
increase, tubular secretion of creatinine increases, 
leading to an overestimation of GFR in patients with 
moderate to severe decreases in GFR (<50 mL/min).16 
Serum creatinine is also insensitive for detecting small 
decreases in GFR because of the nonlinear relationship 

between plasma concentration and GFR. Finally, 
the most common method (picric acid) for 
analyzing serum creatinine is subject to analytic 
interferences from substances such as glucose, 
uric acid, ketones, plasma proteins and 
cephalosporins.3 Because of multifarious 
limitations of the commonly used endogenous 
markers, the search for an ideal endogenous 
marker of GFR continues.

Cystatin C
Cystatin C is a 13 kDa low molecular weight 
protein composed of 120/122-amino acids. It is a 
member of the family cysteine proteinase 
inhibitors. Cystatin C is a product of ‘house 
keeping’ gene and is synthesized by all nucleated 
cells of body and the rate of its production is 
constant.11 

Cystatin C is cleared from the circulation by only 
renal filtration and is freely filtered at the 
glomerular filtration barrier. Its serum 
concentration is not influenced by nonrenal 
factors.10-12 Its small size and high pI enable it to 
be freely filtered at the glomerulus.11 

The use of serum cystatin C to estimate GFR is 
based on the same logic similar to that for blood 
urea nitrogen and creatinine. But because it is 
neither reabsorbed nor secreted by renal tubules, 
it is suggested to be closer to the ideal 
endogenous marker.15 

Cystatin C plays role in many biological 
processes, such as degradation of cellular 
proteins, regulation of enzymes and many 
pathologic processes. It is present in all body 
fluids and is important in arterial wall remodeling 
and atherogenesis.11,17 It also predicts hyperchro-
mocysteinemia, Alzheimer’s disease, leukoen-
cephalopathy with progressive dementia, 
impairment of the blood-brain barrier and 
degenerative diseases of the retina.17 

Measurement of cystatin C
Cystatin C can be measured by particle-enhanced 
nephelometric immunoassay (PENIA). The assay 
covers the range from 0.23 to 7.25 mg/L, up to 
seven times the upper limit of normal. There is 
absolute linearity across the assay range. It can 
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also be measured by particle-enhanced turbidimetric 
immunoassay (PETIA). Both the assay methods 
agree well with each other. Hemoglobin, bilirubin, 
triglycerides, rheumatoid factor, myeloma 
paraproteins do not interfere with the assay.14 

There may be statistically significant but small 
difference between the serum and plasma cystatin C. 
There is no significant difference in cystatin C levels 
of fresh specimens and those measured 2 days after 
storage at room temperature, 1 week after storage at 
40C, or 1 month at –200C. Cystatin C is thus 
considered stable at all temperatures over these time 
periods.14 

Review of some studies examining cystatin C 
as a marker of renal function 
Since physiological processes other than GFR 
determine the serum creatinine level18, cystatin C 
has been proposed as an endogenous marker for 
measuring glomerular filtration rate (GFR) and is 
regarded as being equivalent to or better than 
creatinine.19 Here we have reviewed a number of 
studies on cystatin C as a renal function marker. 

In a study involving 144 patients, aged more than 60 
years (mean age 70.4 years), who had undergone 
51Cr-EDTA clearance, the investigators found a 
significant correlation between 51Cr-EDTA 
clearance and serum creatinine, serum cystatin C, the 
reciprocal of serum creatinine, the reciprocal of 
serum cystatin C as well as with creatinine clearance. 
In each patient serum creatinine and serum cystatin 
C were determined. The reciprocal of serum 
creatinine, the reciprocal of serum cystatin C and 
creatinine clearance were calculated. The creatinine 
clearance was calculated from Cockroft and Gault 
formula. Serum cystatin C was measured with the 
particle enhanced immunonephelometric method.20 

In comparison of the correlation coefficients they 
found that the correlation between 51Cr-EDTA 
clearance and serum cystatin C was significantly 
better than that with serum creatinine. The 
correlation between 51Cr-EDTA clearance and the 
reciprocal of serum cystatin C was superior to that 
with reciprocal of serum creatinine and calculated 
creatinine clearance. There are other studies 
consistent with this study.21,22

In one study involving 50 critically ill patients, the 
researchers showed that serum cystatin C correlated 

better with GFR than did creatinine. Serum 
creatinine, serum cystatin C and 24-hours creatinine 
clearance (CCr) were determined in these critically 
ill patients (age 21--86 years). They did not have 
chronic renal failure, but were at risk of developing 
renal dysfunction. Serum cystatin C was measured 
using particle enhanced immunonephelometry.     
24-hours body surface adjusted CCr was used as a 
control, considering it as ‘gold standard’ for 
determining GFR.23 The results of the study showed 
that serum cystatin C correlated better with GFR 
than did creatinine (1/Cyastatin C versus CCr: 
r =0.832, p<0.001; 1/Creatinine versus CCr: r=0.426, 
p=0.002). The investigators concluded that cystatin 
C is an accurate marker of subtle changes in GFR, 
and it might be superior to creatinine when assessing 
this parameter in clinical practice, specially in 
critically ill patients.23 But some investigators 
disagree with this study regarding the value of 
cystatin C as a measure of glomerular filtration rate 
in critically ill patients.24 They also disagree that 
cystatin C can be used as a marker of GFR in 
intensive care patients. This inconsistency among 
studies on critically ill patients may be due to small 
size or less standard method of estimating cystatin C.

In one study involving 151 patients (91 had normal 
renal functions and 60 sufferred from renal 
insufficiency of different severity) from a 
nephrological out-patient clinic in Czechoslovakia, 
the investigators found close correlation (r = --0.787) 
between cystatin C and glomerular filtration assessed 
by creatinine clearance.21 The authors evaluated 
separately a group of 36 patients with glomerulo-
nephritis, 34 diabetic patients with diabetic 
nephropathy, 38 patients with tubulointerstitialne-
phritis and 43 subjects with other kidney diseases. 
There was not significant difference in respect of 
correlation between cystatin C and glomerular 
filtration assessed by creatinine clearance. The 
authors of the study confirmed that a good 
correlation of cystatin C with creatinine filtration 
was not influenced by the type of basic nephrological 
disease.21

In another study diagnostic significance of serum 
cystatin C levels in clinical practice was evaluated.22 
Serum 99mTc-DTPA clearance was compared with 
serum cystatin C, creatinine, β2-microglobulin 
levels and creatinine clearance in a group of 52 
patients aged 42.61 ± 7.55 years with impaired 
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kidney function with glomerular filtration rates of 
10--60 mL/min/1.73 m2. It was shown that reference 
clearance correlated better with cystatin C                      
(r = 0.828) than with creatinine (r = 0.682). 

In a study it was shown that cystatin C shows a high 
correlation with GFR and because of low biological 
variation cystatin C gives also a good assessment of 
GFR changes during follow-up.25 In this study 
plasma specimens were obtained from 93 (with equal 
number of male and females) consecutive patients 
seen for GFR determination. GFR was determined 
with [125I]iothalamate. Plasma creatinine was 
determined enzymatically and the creatinine 
clearance was calculated according to Cockroft & 
Gault equation. Cystatin C was measured with a 
particle-enhanced immunonephelometric method.

In the study GFR correlated with 1/cystatin C                   
(r = 0.873) as well as with Cockroft & Gault equation 
(r = 0.876). Cystatin C levels started to become 
abnormal at a GFR level of 80--90 mL/minute/1.73 
m2 range whereas the GFR did reach the value 60--70 
mL/minute/1.73 m2 range before creatinine exceeded 
the upper reference limit. In conclusion, the authors 
supported the value of cystatin C as the endogenous 
parameter for estimation of GFR. From this study it 
can also be inferred that serum cystatin C is an early 
marker of renal dysfunction. Another study by 
Herget-Rosenthal et al2 also supports this inference.25

In the study, 30 patients with type 2 diabetes mellitus 
of whom 18 were males and 12 were females were 
also included. The day-to day variation (biological + 
analytical) for cystatin C was small (3.1%) in 
diabetic patients. In the follow-up study in diabetic 
patients, cystatin C was the parameter which had the 
best correlation (r = 0.66) with changes in GFR. The 
investigators concluded that in type 2 diabetic 
patients, cystatin C was also the best parameter for 
follow-up of GFR changes.25 

A prospective study was done to evaluate whether 
serum cystatin C detected the onset of acute renal 
failure earlier than serum creatinine.2 In this study, 
85 patients at high risk to develop acute renal failure 
(ARF), serum creatinine and serum cystatin C were 
determined daily. Forty-four patients developed ARF 
and forty-one served as controls. The increase of 
serum cystatin C significantly preceded that of 

creatinine. Serum cystatin C increased already        
>50% nearly 2 (two) days earlier compared to 
creatinine. The authors concluded that serum cystatin 
C is a useful marker to identify patients who will 
develop acute renal failure.

Additionally, low T3 or T3/T4 syndrome, gluco-
corticoid deficiency and excess did not affect 
cystatin C levels, adding to its usefulness in critically 
ill patients. 

In a study on healthy subjects done by Keevil et al it 
was shown that serum creatinine concentrations were 
higher in men than women (95.9 ± 13.2 µmol/L vs 
71.5 ± 5.6 µmol/L), but cystatin C concentrations 
showed no sex difference (0.658 ± 0.05 mg/L vs 
0.630 ± 0.08 mg/L).26

Another study was done on 460 adult subjects with 
the objective to compare cystatin C with serum 
creatinine for estimating GFR among different 
clinical presentations. Cystatin C and serum 
creatinine levels were obtained from adult patients 
during the evaluation that included a GFR 
measurement by iothalamate clearance. The 
association between serum cystatin C and GFR 
differed across clinical presentations. At the same 
cystatin C level, GFR was 19% higher  in transplant 
recipients than in patients with native kidney disease. 
The correlation between cystatin C and GFR among 
patients with native kidney disease (n = 204) was 
slightly higher (r =  0.853) than that between serum 
creatinine and GFR (r = 0.827). The authors 
concluded that cystatin C should not be interpreted 
as purely a marker of GFR. Other factors, possibly 
inflammation or immunosuppression therapy, affect 
cystatin C levels. While recognizing this limitation, 
cystatin C may improve GFR estimates in chronic 
kidney disease patients.27

To compensate the drawbacks of serum creatinine as 
a GFR marker, several prediction equations have 
been developed. Of these Modification of Diet in 
Renal Disease (MDRD), Schwartz, and Counaham-
Baratt equations are the ones most widely accepted 
for estimation of GFR in mL/minute/1.73 m2 body 
surface area. Grubb et al conducted a study on 536 
patients to analyze whether these GFR prediction 
equations for adults and children could be replaced 
by simple prediction equations based on plasma 
concentrations of cystatin C.28 In this study on 536 
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             patients (4 months to 93 years), GFR was determined 
by an invasive gold standard procedure. A cystatin 
C-based prediction equation using concentration in 
mg/L assessd GFR equally well or better than the 
MDRD, Schwartz, and Counahan-Barratt equations. 
The cystatin C-based equation is given below.

GFR (mL/m/1.73 m2) = 84.69 × cystatin C (mg/L)-1.680 
× 1.384 (if <14 years)

The authors concluded that a GFR prediction 
equation based solely on cystatin C (in mg/L) and a 
prepubertal factor might replace the simplified 
MDRD prediction equation for adults and the 
Schwartz and Counahan-Barratt prediction equations 
for children.28 

Impaired renal function and end-stage renal disease 
(ESRD) affect up to one-third of patients with type 1 
diabetes. Strategies for early detection and for 
preventive interventions are of critical importance. 
So, paramount importance is placed on the finding of 
microalbuminuria as an early marker of a committed 
process of progressive kidney disease in diabetics. 
But microalbuminuria is a marker of dynamic rather 
than fixed, kidney injury. A simple assay for cystatin 
C can calculate the slope of glomerular filtration rate 
change over time, suggesting it as a more proximal 
marker than microalbuminuria of a person’s 
trajectory toward impaired renal function and 
ESRD.29 

An epidemiological study was done to assess 
correlation among cystatin C, serum creatinine and 
albuminuria in type 2 diabetic patients for 
assessment of early renal failure. The investigators 
concluded that measurement of serum cystatin C can 
be considered as a screening test for assessment of 
early renal failure in type 2 diabetic patients.30 On 
the contrary, Oddoze et al have shown that cystatin C 
is not more sensitive than creatinine for detecting 
early renal impairment in patients with diabetes. 
They evaluated serum cystatin C as a potential new 
marker of glomerular filtration rate in 49 patients 
who had steady-state diabetes with early renal 
impairment. GFR was measured by 51Cr-EDTA. 
Serum cystatin C, serum creatinine and β2-
microglobulin levels were determined. Correlation 
coefficients with GFR were – 0.77 for serum 
creatinine level, – 0.71 for serum β2-microglobulin 

and – 0.65 for serum cystatin C. The investigators 
concluded that serum cystatin C is not better than 
serum creatinine or serum beta-2 microglobulin for 
estimating GFR in patients with steady-state 
diabetes.31 The difference with the previous studies 
might be due to small sample size of this study.
A 4-year follow-up study was done to assess how 
well serum cystatin C meets the need of a renal 
function marker for detecting trends in early renal 
function over time in diabetic patients when GFR is 
normal or elevated. The study was conducted on 30 
subjects with type 2 diabetes. GFR was measured by 
iothalamate clearance. 4 years follow-up was done 
with yearly measurements of iothalamate clearance 
based GFR and serum cystatin C. With the use of 
linear regression, each individual’s trend in renal 
function over time, expressed as annual percentage 
change in iothalamate clearance, was determined. 
Serum cystatin C in mg/dL was transformed to its 
reciprocal. Linear regression was used to determine 
each individual’s trend over time. The trends in 
reciprocal of cystatin C and iothalamate clearance 
strongly correlated (r = 0.77). Results were discordant 
for only three participants. In contrast, the trends for 
three commonly used creatinine-based estimates of 
GFR compared poorly with trends in iothalamate 
clearance (r < 0.35).29 Finally, the investigators 
concluded that serial measures of serum cystatin C 
accurately detect trends in renal function in patients 
with normal or elevated GFR and provide means for 
studying early renal function decline in diabetes.29 

Another study was done by Uslu et al to determine 
whether the serum cystatin C and activities of some 
tubular enzymes could be used as screening markers 
for early renal dysfunction in diabetic patients. The 
study was done on 56 diabetic patients and 20 
healthy subjects as controls.32 Serum cystatin C 
levels and urinary activities of N-accetyl-b-D-
glucosaminidase (NAG), alkaline phosphatase (ALP) 
and lactate dehyrogenase (LDH) were measured. The 
results were compared with serum creatinine (Cr) 
and creatinine clearance (CCr) estimated with 
Cockroft-Gault formula and 24-hours urine 
microalbuminuria (MAU). Serum cystatin C levels 
were found elevated as compared to controls both in 
normoalbuminurics and microalbuminurics. Serum 
cystatin C levels started to increase above the normal 
range when CCr declined while serum creatinine was 
in the normal range. The investigators concluded that 
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serum cystatin C had higher sensitivity than serum 
creatinine and met the criteria for detecting 
glomerular dysfunction as screening tests for early 
diagnosis of diabetic nephropathy and so could be 
useful as screening markers to follow-up glomerular 
dysfunction in diabetic patients.31 This study is also 
consistent with the previous one.29

A study was done to assess the use of serum cystatin 
C as a marker of renal function in kidney transplant 
patients. The study was done among 78 patients 
undergoing kidney transplantation. Serum cystatin C 
was compared with serum creatinine and with 
creatinine clearance either in a 24-hour urine or 
calculated using the Cockroft-Gault formula. The 
parameters were determined at 2, 5, 7, 15 and 30 
days and 6, 12 and 18 months after transplantation. 
During the first 30 days following transplantation, 
there was a progressive decline in serum creatinine 
levels. Serum cystatin C increased up to the fifth 
day, coinciding with the highest doses of steroids, 
and then decreased. At 6, 12 and 18 months, there 
was a correlation between serum cystatin C and 
serum creatinine, creatinine clearance in 24-hours 
urine or GFR calculated with the Cockroft-Gault 
formula (r = 0.859, r = – 0.713 and r = – 0.684). The 
authors concluded that serum cystatin C is an 
endogenous marker of GFR in kidney transplant 
patients with limitations relating to its being affected 
by the high doses of steroids in the first few days 
following transplantation.33 

A study was done to evaluate the accuracy of 
cystatin C as a marker of glomerular filtration in 62 
children before and after liver transplantation. They 
had their 51Cr-EDTA measured GFR on 40 
occasions prior to transplantation and on 47 
occasions after liver transplantation. The reciprocal 
of cystatin C correlated better with 51Cr-EDTA GFR 
(r = 0.78) than the reciprocal of creatinine (r = 0.40). 
A level of 1.06 mg/L was found to have a sensitivity 
of 91% and a specificity of 81%. The investigators 
concluded that the use of serum cystatin                             
C measurement could be recommended as screening 
of renal dysfunction in children with liver disease 
and after liver transplantation.34 

Another study was done to assess cystatin C as a 
marker and to compare it with serum creatinine in 44 
cirrhotic patients. The investigators analyzed 
correlation, bias, precision and accuracy of two 

cystatin C-based formula (Larsson and Hoek) for 
GFR estimation in comparison with two creatinine-
based equations (Cockroft & Gault and MDRD). The 
GFR was measured by inulin clearance. Creatinine 
as well as cystatin C-based equations overestimated 
the true GFR by 105--154%. However, cystatin          
C-based equations showed significantly lower bias 
and higher precision than the creatinine-based 
formulae. The investigators concluded that the study 
suggested a significant improvement of GFR 
estimation in liver cirrhotics by means of cystatin C 
level. They also concluded that cystatin C-based 
estimates in cirrhotics remained a crude 
approximation of true GFR and cannot replace gold 
standard methods.35

Akbari et al conducted a prospective study on 150 
subjects to assess the validity of cystatin C as a 
clinical marker of glomerular filtration rate in 
pregnant women. They concluded that cystatin C 
was a poor marker of GFR during pregnancy and the 
investigators urged caution against the use of 
cystatin C as a marker of GFR in pregnancy.36 On 
the other hand one group studied third trimester 
subjects and claimed cystatin C to be a very reliable 
marker of GFR and also claimed it to be superior to 
creatinine.37 In other studies it was shown that 
measurement of serum cystatin C was a useful 
clinical tool as a marker of GFR in pregnancy 
induced hypertension.38,39 The inconsistency among 
these studies is expected to be solved in favor of 
cystatin C by a large scale study on pregnant women.

Another study was done to evaluate the diagnostic 
utility of cystatin C as a marker of glomerular 
filtration rate in hypertensive disorders of pregnancy. 
One hundred ninety eight women with hypertension 
were included in the study. The 24-hour urine 
creatinine clearance was used as the ‘gold standard’ 
for evaluation of glomerular filtration rate due to 
concerns of radiation exposure to pregnant women. 
Serum cystatin C showed a significant correlation 
with creatinine clearance at the 0.01 level with an r-
value of --0.311. The authors concluded that serum 
cystatin C reflected glomerular filtration rate reliably 
in hypertensive pregnant women and could avoid the 
inaccuracy associated with the 24-hours urine 
collection.40 

Filler et al conducted a study on 262 children aged 1 
to 18 years with various renal pathologies to 
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compare the feasibility of the Cockroft-Gault 
formula against the standard pediatric Schwartz 
formula and cystatin C-based formula. The subjects 
underwent a 99-technetium diethylenetriaminepen-
taacetate (99Tc-DTPA) glomerular filtration (GFR) 
rate scan. Cockroft-Gault formula showed the worst 
agreement with GFR and the cystatin C-based 
approach showed the best agreement. The 
investigators concluded the cystatin C-based 
approach should be used for estimation of GFR in 
pediatric populations.41

Another study was done to compare the diagnostic 
accuracy of cystatin C with serum creatinine and the 
Schwartz formula for estimating GFR in pediatric 
patients with urinary tract malformations.42 The 
investigators prospectively compared 72 patients (20 
days to 36 months old, 58 males and 14 females) 
with urinary tract malformations with a group of 72 
healthy controls (10 days to 48 months old, 53 males 
and 19 females). All subjects underwent nuclear 
medicine clearance investigations with 99mTc-
DTPA. In this study, serum concentration of cystatin 
C showed a higher correlation with reference GFR  
(r =0.62) than serum creatinine (r =0.30) and 
Schwartz formula (r = 0.51). The investigators 
concluded that serum cystatin C as a marker of renal 
function was superior to serum creatinine in children 
younger than 3 (three) years.42 

Podracka et al conducted a study in the face of 
controversy about the feasibility of cystatin C as a 
marker of glomerular filtration rate in pediatric solid 
organ (kidney, liver and liver + kidney) transplant 
recipients.43 The mean age of the recipients was 7.0 
± 5.6 years. They studied intrapatient variability of 
cystatin C in comparison with serum creatinine. In 
this study, a total of 178 simultaneous SCr and 
cystatin C measurements were analyzed. In addition, 
GFR was calculated using the Schwartz and cystatin 
C-based formulae. Intraindividual coefficients of 
variation (CV) was calculated as a ratio of standard 
deviation over mean. Statistical analysis suggested 
that cystatin C and cystatin C-based calculated GFR 
was equivalent but not better than serum creatinine 
and Schwartz formula. Finally they concluded that 
measurement of cystatin C could be used for follow-
up of renal function of pediatric solid organ post-
transplants.43 All these studies on pediatric 
populations are consistent with each other and 

recommend cystatin C as a useful renal function 
marker in pediatric populations in different settings.

Ozer et al conducted a study on primary hypertensive 
patients to assess whether cystatin C can be a better 
marker for the early detection of renal damage. The 
study was done on 51 primary hypertensive patients 
and 29 age and sex matched healthy controls. GFR 
calculated by MDRD was used as reference. In all 
subjects serum cystatin C, serum creatinine, β2-
microglobulin and some other parameters were 
measured. Mean levels of the serum parameters were 
found to be significantly higher in the patient group 
compared to control group. Cystatin C was found to 
be superior to other markers. The investigators 
concluded that compared to other traditional 
markers, measurement of serum cystatin C might be 
a better parameter to estimate GFR, especially to 
detect mild reductions in GFR in primary 
hypertensive patients.44

Artunc et al compared serum creatinine and cystatin 
C levels in 127 patients undergoing cardiac 
catheterization. The clearance of the iodinated 
contrast dye iopromide served as reference method 
for GFR. Serum cystatin C was determined by 
particle-enhanced immunonephelometric method. 
Cystatin C showed higher correlation (r = 0.805) to 
the iopromide clearance compared to creatinine         
(r = 0.652) and to the estimated GFR according to 
the Cockroft-Gault formula (r = 0.690). At a cut-off 
level of >1.3 mg/L, cystatin C exhibited an 88% 
sensitivity and a 96% specificity for detecting renal 
dysfunction which was defined as an iopromide 
clearance < 80 mL/minute/1.73 m2 body surface; 
best values for creatinine were 63% for sensitivity 
and 80% for specificity at a cut-off value of >1.2 
mg/dL. The investigators concluded that cystatin C 
detected reduced GFR more reliably and at an earlier 
stage in patients undergoing cardiac catheterization 
allowing a better identification of patients with renal 
dysfunction.45

A study was done to assess the value of cystatin C in 
quantifying clinical and subclinical renal injury 
following on-pump and off-pump cardiac surgery. 
For the purpose, sixty consecutive patients were 
recruited –– 30 patients undergoing on-pump CABG 
(coronary artery bypass grafting) and 30 patients 
undergoing off-pump CABG. Blood specimens        
were collected preoperatively and on days 1, 2 and 4 

J Enam Med Col  Vol 4  No 2 May 2014

117



       

   

118

J Enam Med Col  Vol 4  No 2 May 2014

postoperatively to measure serum creatinine and 
serum cystatin C. Cystatin C and creatinine 
correlated strongly with each other. The investigators 
concluded that cystatin C proved to be a simple and 
sensitive measure of overall renal function.46

In patients with thyroid dysfunction, cystatin C is not 
a suitable measure of GFR as cystatin C levels are 
low in hypothyroidism and elevated in hyperthy-
roidism.24,47 However, many of the hyperthyroid and 
hypothyroid patients have normal serum cystatin C 
values.47 Because of inconsistency of serum cystatin 
C values in patients with thyroid dysfunction, its 
value to assess renal function in thyroid disorders is 
limited. Further studies are required to come to a 
final conclusion.

A study was conducted to investigate changes in 
serum cystatin C concentration during membrane 
hemodialysis (HD-I, HD-II) and relationship between 
serum cystatin C and creatinine concentrations. 
There was close correlation between serum cystatin 
C and creatinine before hemodialysis. Serum cystatin 
C increased after hemodialysis due to its non-
dialysability through the membrane. Thus, serum 
cystatin C reflects the residual renal function even 
after hemodialysis.48

There is some evidence that cystatin C 
concentrations are not affected by the presence of 
malignancies or inflammation.49  On the other hand 
Kos et al have observed in their study a significant 
correlation between increased serum cystatin C and 
malignant progression in melanoma and colorectal 
cancer.50 

Demirtas et al conducted a study on 19 leukemic 
patients to evaluate the influence of malignancy and 
the impact of nephrotoxic drugs used in bone 
marrow transplantation (BMT) on the circulating 
levels of cystatin C in leukemia. Cystatin C, urea, 
creatinine, and creatinine clearance (CrCl) were 
measured 24 hours before BMT, 1 week after BMT, 
2 weeks after BMT and 3 weeks after BMT. The 
control group consisted of age and sex matched 20 
healthy adults. At the pretransplantation period and 
one week after BMT, values of cystatin C were 
significantly higher than the values in the control 
group, whereas the levels of urea, creatinine and 
creatinine clearance were in accordance with the 
levels of the controls. Two and three weeks after 

BMT, cystatin C values maintained the significant 
increase, whereas the values of urea, creatinine and 
creatinine clearance still corresponded with those of 
the controls. Results of their study suggested that 
cystatin C is not a reliable marker of GFR in patients 
during leukemia or for monitoring nephrotoxic drugs 
used in BMT. However, the investigators could not 
reach definitive conclusion due to no gold standard 
for comparing the diagnostic accuracy of cystatin 
C.51 As the investigators could not reach a definitive 
conclusion to evaluate the influence of malignancy 
and impact of nephrotoxic drugs used in BMT on the 
circulating levels of cystatin C in leukemic patients, 
further studies are needed in this regard.

The individual dosing of cytotoxic drugs that are 
mainly eliminated unchanged in the urine is made 
possible by assessing renal function. Carboplatin and 
topotecan are the two well-known drugs whose 
elimination is mostly dependent on the GFR.52 A 
prospective clinical trial including 45 patients was 
conducted to assess the value of serum cystatin C as 
a predictor of carboplatin clearance. The authors 
concluded that cystatin C is a marker of drug 
elimination that is at least as good as serum 
creatinine for predicting carboplatin clearance.51 
Another study was done on 59 patients who 
underwent drug monitoring for individual dosing of 
topotecan. The authors concluded that cystatin C was 
a marker of drug elimination which was superior to 
serum creatinine for topotecan.53 

Many investigators are already using serum cystatin 
C as a marker of renal function for their scientific 
studies. Fried et al conducted a study on 4637 
participants to explore the association of kidney 
function with total noncardiovascular mortality. 
Kidney disease was assessed using cystatin C and 
estimated GFR.54 Ricci & Ronco summarized all 
original research in the field of critical care 
nephrology published in 2004 or accepted for 
publication in Critical Care and other journals. 
Articles were grouped into four categories. In the 
third category, articles using cystatin C as an early 
marker of ARF were examined.55

Shlipak et al performed a meta-analysis of 16 studies 
(with 93710 participants) for whom standardized 
measurements of serum creatinine and cystatin C 
were available. They concluded that the use of 
cystatin C alone or in combination with creatinine 
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strengthens the association between the GFR and the 
risks of death and end stage renal disease across 
diverse populations.56

Inker et al57 have shown that combined creatinine-
cystatin C equation performed better than equation 
based on either serum creatinine or serum cystatin C 
levels.

Teo et al58  performed a study on GFR estimation 
equations using serum cystatin C combined with 
standardized creatinine in a multi-ethnic Asian 
population with CKD. They concluded that the use 
of cystatin C and creatinine combination equation for 
estimating GFR in a multi-ethnic Asian population 
with CKD does not require ethnicity coefficients as 
the derived coefficients are very close to each other.

Discussion
Attention is being paid globally to chronic kidney 
diseases because of rapid increase in its prevalence 
and the enormous cost of treatment and increasing 
risk of cardiovascular diseases. Recent data indicates 
that overt disease is the tip of an iceberg of covert 
diseases. Data from the United States suggest that for 
every patient with end-stage renal disease (ESRD), 
there are more than 200 with overt chronic kidney 
disease and almost 500 with covert diseases. These 
factors have rendered chronic kidney diseases an 
important focus in the health care planning.59 It is 
estimated that by the year 2030, more than 70% of 
patients with ESRD will be residents of developing 
countries.59

Acute renal failure is associated with high mortality. 
Early and accurate detection of decreasing GFR is 
critical to prevent the progression of acute renal 
failure and to potentially improve its outcome. 
Detection of biochemical abnormality which is the 
first manifestation of chronic renal failure will have 
impact on the total management of the patient and 
prevention of end-stage renal disease.

For assessing renal function, measurement of 
clearance of endogenous substances is a common 
practice.15 But, because of multifarious limitations of 
the commonly used endogenous markers, the search 
for an ideal endogenous marker of GFR continues.
So far, serum or plasma creatinine (SCr) has been 
being used as the commonest and most reliable 
serum marker of renal function in spite of its 
manifold limitations. To overcome these limitations, 

serum cystatin C-based approach is being claimed as 
better than serum creatinine for assessment of renal 
function. Many studies in this regard has been done 
abroad. We reviewed a few of these studies on 
different types of populations.

Studies we reviewed have shown significant 
correlation between cystatin C level and reference 
clearance and this correlation was also found to be 
superior to correlation between serum creatinine and 
reference GFR. Study on critically ill patients has 
also shown better correlation between cystatin C and 
GFR than it is between serum creatinine and GFR.

Serum cystatin C has been found as an early marker 
of renal dysfunction in comparison to serum 
creatinine and microalbuminuria. It has also been 
found to be the best parameter for follow-up changes 
in GFR in type 2 diabetic patients. Cystatin C has 
also been found as a more proximal marker of GFR 
than microalbuminuria in type 1 diabetics.

Among patients with native kidney diseases, 
correlation between cystatin C and reference GFR 
was found a bit higher than it is between serum 
creatinine and reference GFR.

Cystatin C can be used as an endogenous marker of 
GFR in kidney transplant patients. GFR can also be 
estimated in liver cirrhotics by means of cystatin C. 
However, the value of cystatin C to assess renal 
function in thyroid disorders is limited and requires 
more studies.

Cystatin C-based prediction equations for GFR may 
well replace the Cockroft-Gault and MDRD 
prediction equations for adults and Schwartz and 
Counahan-Barratt equations for children. Cystatin C 
measurement has been recommended as a screening 
test of renal dysfunction in children with liver 
disease and liver transplantation. Measurement of 
cystatin C can also be used for follow-up of renal 
function of pediatric solid organ transplants.

Controversy prevails regarding the use of cystatin C 
as a marker of GFR during pregnancy. But most 
studies have recommended cystatin C. 

Whether the measurement of cystatin C may help to 
reflect the real situation of renal function more 
precisely in cancer patients is a matter of debate. So, 
the value of cystatin C as a useful marker of GFR in 
clinical oncology has to be studied in more detail. 
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Conclusions
Results of our review study suggest that cystatin C is 
a better marker of renal function compared to serum 
creatinine and other endogenous markers irrespective 
of age, sex and clinical condition. Value of cystatin 
C as a marker of renal function in pregnancy is yet to 
be proved convincingly. Moreover, further 
pharmacokinetic evaluation is needed to determine 
whether serum creatinine or serum cystatin C is the 
better marker for prediction of drug clearance and 
drug monitoring.
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