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tice. Therefore, the measurement of an endogenous blood sub-
stance that is cleared by the kidney is used to estimate GFR.

 In clinical practice, GFR is generally estimated based on 
measurement of endogenous blood substances, and serum 
creatinine (SCr) level is the most commonly used marker for 
estimating GFR and assessing renal impairment [6]. However, 
SCr does not depend solely on GFR, and its concentration 
is affected by non-renal factors including age, gender, race, 
muscle mass, medication use, and dietary meat intake [7,8]. 
SCr is not reabsorbed by the renal tubules, but it is secreted. 
The substantial tubular excretion of creatinine and the well-
known sensitivity of the analytical methods, especially the Jaffe´ 
method, to interfering substances in the plasma (e.g., acetic acid, 
acetone, pyruvate, glucose, ascorbic acid, and bilirubin) are other 
factors that reduce the clinical utility of SCr as a marker of GFR 
estimate. Although, the measurement of creatinine clearance 
overcomes some of limitations of SCr, it requires a timed urine 

Introduction 
Chronic kidney disease (CKD) is a common and serious complica-
tion of diabetes associated with increased risk of mortality (both 
all-cause and cardiovascular), progression to kidney failure, 
cardiovascular disease (CVD) and hospitalizations [1,2]. Ac-
curate estimation of glomerular filtration rate (GFR), which is 
usually accepted as the best overall index of kidney function, 
is essential for the diagnosis, staging and management of CKD 
[3,4]. GFR cannot be measured directly in humans. The “gold 
standard” for determining GFR is to measure the clearance of 
an exogenous substance, such as inulin, 51Cr-EDTA, iohexol, 
125I-iothalamate and 99mTc-diethylelenetriaminepentaacetic 
acid (99cTc-DTPA) that are exclusively excreted via glomerular 
filtration [4,5]. However, these techniques are time-consum-
ing, labor-intensive, expensive, and require administration of 
substances, so that cannot be generally applied for routine prac-
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collection, which has proven to be inconvenient and prone to 
collection errors [4,9]. Equations that take into account patients 
age, gender, race, and body weight in addition to SCr value have 
been developed to improve accuracy of creatinine in estimating 
GFR; however, the results not precise.

Recently, serum cystatin C has been proposed as an alternative 
marker for estimating GFR. Cystatin C is a single chain, non-
glycosylated basic protein that is produced and secreted by all 
nucleated cells at a constant rate. The low molecular weight of 
13 kD and the cationic nature assures the free passage of cystatin 
C through the glomerulus. It is not secreted, but is reabsorbed 
and subsequently catabolized by the proximal tubular cells 
without reentering the circulation [10,11]. These characteristics, 
together with its constant plasma concentration in the absence 
or variation of GFR make cystatin C an ideal endogenous marker 
of GFR. Although its clearance cannot be measured because of 
its catabolism, serum cystatin C is a good measure of GFR than 
the most commonly used endogenous marker, SCr [12]. Unlike 
creatinine, it is not secreted by the renal tubule, is not affected 
by age, gender and body mass, and does not suffer the same 
problems with analytical interference [11,13,14]. Because of these 
properties many investigators have proposed serum cystatin C as 
a more sensitive marker of GFR than SCr [11,15]. Furthermore, 
since cystatin C does not depend much on muscle mass, it shows 
superior performance over SCr as a measure of renal function in 
specific patient groups such as children, the elderly, and patients 
with reduced muscle mass [11,14,16]. Moreover, cystatin C may 
have a role in identifying persons with CKD who have the highest 
risk for complications than SCr [17]. 

Since a large proportion of individuals with type 2 diabetes 
passes through a period of pre-diabetes and may experience 
renal dysfunction, detection of CKD at early stage is important 
as early intervention can slow the loss of kidney function, so 
that improve survival and quality of life. Thus, cystatin C may 
have diagnostic importance in detecting earlier stages of renal 
dysfunction in these patients when SCr is unchanged. This review 
aims to evaluate from recent literature the clinical efficiency and 
relevance of the endogenous renal marker cystatin C in type 2 
diabetic patients.

Cystatin C as a Marker of GFR
While SCr has been widely used to assess renal function in 
clinical practice, it is found to be defective in detecting early 
CKD in diabetes. For example in our recent study, up to 56.5% 
of patients with diabetes and normal SCr levels, have CKD [18]. 
The primary limitation of SCr as a marker of GFR is that it is 
affected by many non-renal factors that are not related to GFR. 
It has been reported that the proportion of variations in cystatin 
C attributable to extra renal factors in type 2 diabetic patients is 
considerably lower compared to creatinine [19]. Unlike creatinine, 
serum cystatin C concentrations in type 2 diabetics were reported 
to be independent of gender and BMI or by metabolic indices, 
such as high serum uric acid levels and obesity, but some authors 
suggest its relation with age [19–22]. Furthermore, the clinical 
and biochemical parameters associated with serum cystatin C 
levels in type 2 diabetes are closely linked to those associated 
with GFR [23].

The inability of creatinine to detect early decline in GFR is due 
to the fact that SCr levels only begin to rise above the normal 
range when approximately 50% of renal function is already lost, 
suggesting that GFR can change before SCr becomes abnormal 
[24]. Evidences suggest that serum cystatin c may rise faster 
than creatinine after a fall in GFR and is a reliable endogenous 
marker for assessing renal function in type 2 diabetic patients 
with renal impairment [25]. In one study, including 52 type 2 
diabetic patients, an early and more significantly increased levels 
of serum cystatin C than SCr was observed as GFR decreases, 
which indicated that serum cystatin C might be a useful marker 
for detecting early renal impairment in diabetic patients. 

The overall relationship between the reciprocal cystatin C and GFR 
was significantly stronger (r = 0.84) than those between SCr and 
GFR (r = 0.65) and between Cockcroft and Gault (C-G) estimated 
GFR (eGFR) and GFR (r = 0.70). From this, they concluded that 
cystatin C may be considered as an alternative and more accurate 
serum marker than SCr for early identification of patients with 
reduced GFR [26]. Another study also suggested that serum 
cystatin C is a better marker for GFR than is SCr in type 2 diabetic 
patients with reduced GFR, especially in the “creatinine-blind 
area”, reflecting the greater sensitivity of cystatin C as a predictor 
of GFR in type 2 diabetic patients [27]. 

It has been also suggested that serum cystatin C is a more sensitive 
marker for detecting early changes in glomerular filtration in type 
2 diabetic patients than creatinine-based measurements [28]. 
In the above study, cystatin C increased more significantly than 
SCr as GFR decreased from 120 to 20 mL/min/1.73 m2, giving a 
stronger signal in comparison to that of creatinine over the range 
of the measured GFR [26]. In a study by Pucci et al., the mean 
cystatin C concentrations showed a step-by-step statistically 
significant increases as measured GFR decreases [29]. In another 
similar study from type 2 diabetic patients, mean cystatin C 
concentrations also showed step wise statistically significant 
increases as GFR reduces, indicating the sensitivity of serum 
cystatin C as a marker for detecting early changes in GFR [19]. 
Thus, any change in GFR is reflected by a step-by-step change 
in serum cystatin C when creatinine-based measurements are 
unchanged, and, for this reason, increased levels of serum cystatin 
C are detectable much earlier in the course of CKD, allowing very 
early detection of reduction in renal function. 

Zhang et al. suggested that cystatin C may be a better indicator 
of GFR than SCr in diabetic patients, in both the early hyper 
transfusion stage and in the late renal dysfunction stage [21]. 
One study from type 2 diabetic patients found that, at 90 and 
75 ml/min/1.73 m2 cut-points, the diagnostic efficiencies of 
cystatin C (90% and 93%) were better than those of SCr and 
eGFR calculated from SCr (80%-84% and 86%-89%, respectively; 
P = 0.01), indicating ability of serum cystatin C for detecting very 
early renal dysfunction [19]. Another study also found similar 
findings suggesting that the diagnostic efficiencies of cystatin C 
(89% and 92%) were better than those of the other variables SCr 
and calculated eGFR (79%–82% and 85%–86%, respectively; P 
= 0.01) [29]. From these findings, the above studies suggested 
convincing evidence that serum cystatin C measurement is an 
excellent diagnostic test both for identifying diabetic patients 
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with normal (>90) or near normal (>75 ml/min/1.73 m2) GFR 
and for detecting patients with early (<75) or very early (<90 
ml/min/1.73 m2) impairment of GFR than creatinine or eGFR 
derived from creatinine. 

It has been also suggested that cystatin C may be considered 
as an alternative and more accurate serum marker than 
creatinine-based estimates in discriminating type 2 diabetic 
patients with normal GFR from those with reduced GFR [26]. In 
this study the maximum diagnostic accuracy of serum cystatin 
C (90%) was significantly better than those of SCr (77%) and 
eGFR by C-G (85%) in discriminating between the type 2 
diabetic patients with a normal GFR (>80 mL/min/1.73 m2) and 
those with a reduced GFR (≤ 80 mL/min/1.73 m2). In this study 
the authors suggest that, both when the object is to exclude 
with certainty type 2 diabetic patients with normal or near-
normal GFR (specificity) and when it is important to identify 
those with GFR impairment (sensitivity), serum cystatin C is 
a better diagnostic tool than SCr and eGFR calculated by C-G 
[26].

Since a large proportion of individuals with type 2 diabetes 
passes through a period of pre-diabetes and may experience 
renal impairment, early diagnosis and management of 
patients are essential for delaying progression to renal failure 
and improving outcomes. In MacIsaac et al. study, serum 
cystatin C had the best test characteristics as a screening tool 
for detecting mild and moderate CKD (iGFR < 90 and < 60 ml/
min/1.73 m2) when compared with creatinine-based methods, 
highlighting the potential usefulness of screening for moderate 
or mild CKD in subjects with diabetes by simply measuring 
serum cystatin C levels [23]. Walczak et al. also suggested 
that the advantage of cystatin C over SCr may be found in 
early stages of CKD in diabetics, when GFR is still normal or 
elevated, and cystatin C may be used for early detection of 
renal function impairment [30].

Furthermore, cystatin C has a potential to be used as an 
endogenous marker to detect the presence of a progressive 
loss of renal function over time. Perkins et al. suggested 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. In 
type 2 diabetic patients with baseline of 153 mL/min/1.73 m2, 
trends in the reciprocal of serum cystatin C concentration have 
been shown to more closely reflect changes in GFR measured 
by iothalamate clearance than have creatinine-based estimates 
of renal function. In this study, the trends in GFR derived from 
100/cystatin C were closely correlated with an iothalamate-
based reference method over a follow-up period of four years (r 
= 0.77), whereas the trends for SCr and creatinine-based eGFR 
(C-G and MDRD) compared poorly with trends in iothalamate 
clearance (r < 0.35) [31]. Over all, serum cystatin C has superior 
diagnostic accuracy than those of creatinine-based estimates 
for the assessment of changes in GFR in type 2 diabetes. Thus, 
measurement of renal function on the basis of cystatin C levels 
will optimize early detection, follow-up and monitoring of renal 

dysfunction in type 2 diabetic patients. 

Cystatin C as a Marker for early Diabetic 
Nephropathy
Traditionally, the earliest manifestation of diabetic nephropathy 
(DN) in patients with type 2 diabetes is the determination of a small 
amount of protein albumin in the urine, called microalbuminuria 
and it is associated with significant renal damage. However, a 
significant proportion of individuals with type 2 diabetes could 
have renal impairment as defined by decreased GFR to levels < 
60 mL/min/1.73 m 2 without microalbuminuria, the gold standard 
for diagnosis, and these patients can commonly progress 
to a significant degree of renal impairment while remaining 
normoalbuminuric [32,33]. It has been suggested that cystatin C 
may be elevated in diabetic patients even before the appearance 
of traditional CKD markers such as albuminuria and creatinine, 
and can be used as useful marker for detecting nephropathy in 
patients with normoalbuminuria (early nephropathy). 

One recent study Rao et al. indicated that levels of cystatin C 
are related to subclinical renal damage and can be an earlier 
measurable marker of renal involvement in type 2 diabetes 
even before the onset of albuminuria [34]. Another study by 
Surendar et al. found that cystatin C levels were highest in 
type 2 diabetic patients without microalbuminuria, indicating 
that cystatin C can detect early renal damage even before 
the development of albuminuria. In this study, cystatin C and 
cystatin GFR levels were highest and lowest, respectively in 
type 2 diabetes mellitus subjects with microalbuminuria, which 
suggested that quantification of cystatin C in serum can be used 
for predicting onset of nephropathy in type 2 diabetic patients 
with normoalbuminuria (early nephropathy) [35]. Another study 
by Singla et al. also reported that cystatin C estimation is quite 
useful and practical method for evaluation of renal impairment in 
type 2 diabetics even before the onset of microalbuminuria; i.e., 
early nephropathy [20].

In another study, Wang et al. assessed the usefulness of serum 
homocysteine (Hcy, a major metabolite of methionine and 
cysteine) and cystatin C assays combined with urine microalbumin 
excretion rate (UMAER) for detecting early stage renal damage 
in type 2 diabetic patients. Serum cystatin C level and UMAER 
were significantly increased in the normoalbuminuric group 
(UMAER < 30 mg/24 h), the early DN group (EDN; UMAER of 
30–300 mg/24 h), and the clinical DN group (CDN; UMAER >300 
mg/24 h) as compared to the control group. The serum levels 
of cystatin C increased more significantly in CDN patients as 
compared to EDN and normoalbuminuric patients and showed a 
positive correlation with UMAER, suggesting that cystatin C may 
contribute synergistically to the occurrence and progression of 
DN in diabetic patients. Therefore, they suggested that serum 
cystatin C assays in combination with the UMAER test are 
clinically useful for detecting early-stage DN and monitoring 
disease progression, and that this combined assay method will 
allow a more sensitive and accurate evaluation of renal damage 
in early-stage DN [36]. In another recent study, levels of cystatin 
C in serum were significantly higher in microalbuminuric type 
2 diabetic patients (1.74 ± 0.66) than normoalbuminuric group 
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(1.19 ± 0.62, P < 0.05) and was found to be higher in patients 
with GFR ≤ 60 ml/min/1.732 m2, suggesting that cystatin C is 
a predictor of early renal damage in patients even before the 
appearance of microalbuminuria. Authors of this study suggested 
that the determination of serum cystatin C is a valuable tool to 
describe GFR loss independently and together with ACR among 
the patients with diabetes and can optimize the early detection 
of renal damage [37].

Serum cystatin C is also a sensitive marker for detecting early 
renal impairment and is a stronger predictor of early onset 
of nephropathy and its progression than SCr measurements. 
Uslu et al. conducted a study to determine whether the serum 
cystatin C and activities of some tubular enzymes could be used 
as screening markers for renal dysfunction in diabetic patients. 
The levels of serum cystatin C were found elevated in normo- and 
microalbuminurics as compared to controls. The ROC plot of this 
study indicated that serum cystatin C had higher sensitivity than 
SCr and met the criteria for detecting glomerular and tubular 
dysfunction as screening tests for early diagnosis of DN, which 
suggested serum cystatin C might be a promising early marker for 
detecting DN [38]. In one study, evaluating cystatin C as a marker 
of nephropathy in normo-, micro-, and macroalbuminuric type 2 
diabetic patients, cystatin C identified 40% of the patients with DN 
as compared to 12% by SCr, which indicated that serum cystatin 
C was a better predictor of nephropathy than SCr in patients with 
type 2 diabetes [39]. Another study from type 2 diabetic patients 
found that the diagnostic accuracy of cystatin C (0.76) was greater 
than that of SCr (0.66) and, as an early prognostic marker of type 
2 DN, serum cystatin C was better than SCr in terms of sensitivity 
and specificity. This indicated that the levels of serum cystatin C 
may predict early prognostic stages of patients with type 2 DN 
[40]. 

In another study, Suzuki et al. examined the effectiveness of 
serum cystatin C as a marker of early DN and CKD in Japanese 
type 2 diabetic patients. Abnormal serum cystatin C level was 
found in 28.7%, 54.8% and 80.0%% of normo-, micro-, and 
macroalbuminuric DN patients, respectively compared to 
abnormal SCr: 5.7%, 19.0% and 40.0%, respectively. This indicated 
that SCr increased significantly in macroalbuminuric stage with 
the proportion of abnormal values being 40.0%, while serum 
cystatin C had already increased significantly in microalbuminuric 
stage with the proportion of abnormal values reaching 54.8%, 
which suggested that serum cystatin C is a good marker for 
assessing renal injuries earlier than the appearance of SCr. The 
ROC curve analysis of this study also demonstrated that serum 
cystatin C had a superior diagnostic ability for detecting all stages 
of CKD in normo-, micro- and macroalbuminuric DN patients than 
SCr. The sensitivity and specificity, for example, of serum cystatin 
C (%) to detect stage 2 CKD (normo: 71.1% and 77.3%; micro- 
and macroalbuminuric, 78.7% and 83.0%, respectively) were 
markedly higher than the corresponding values for SCr (normo-, 
50.5% and 48.9%; micro- and macroalbuminuric, 56.0% and 
54.5% , respectively [41].

Similarly, Borges eta al. evaluated cystatin C as a marker of 
diabetic kidney disease in normoalbuminuric diabetic patients 
without CKD. Elevated levels of cystatin C was present in 45.9% 

of normoalbuminuric type 2 diabetic patients with eGFR > 60 
mL/min/1.73 m2, indicating that cystatin C levels in serum could 
be used as an early biomarker of DN when albuminuria and 
creatinine-based GFR estimates are insensitive. From this, they 
concluded that elevated cystatin C levels in diabetics may 
identify a certain degree of renal dysfunction even when 
albuminuria and creatinine-eGFR do not reflect CKD [42]. 
Another recently study from type 2 diabetic patients found 
that serum cystatin C was the most sensitive and specific 
marker of macroalbuminuria and damage progress with 
sensitivity of 70.8% and specificity of 83.3%. Authors from this 
study demonstrated that, for damage progress, serum cystatin 
C is the most sensitive and specific marker for follow-up and 
monitoring DN [43].

On the other hand, the level of urinary cystatin C has been 
recognized as a marker of early renal damage among patients 
with type 2 diabetes mellitus [44]. More recently, Ibrahim et 
al. assessed the possible value of urinary cystatin C in early 
detection of DN in type2 diabetes mellitus. Urinary cystatin 
C has a diagnostic accuracy of 71.4% to predict the presence 
of microalbuminuria in early DN. Levels increased significantly 
in patients with microalbuminuria without any other urinary 
abnormality and with normal SCr as compared to those 
without microalbuminuria or any other urinary abnormality, 
and showed a positive correlation with urinary ACR. They 
concluded that urinary cystatin C level may be valuable 
marker for detection of microalbuminuria independent on 
any other tubular markers and independent of the degree 
of tubular dysfunction, and that it can be used as a good 
predictor for the presence of microalbuminuria in early DN 
[45]. Another study from type 2 diabetic patients found that 
increased urinary cystatin C was associated with decline in 
GFR, particularly at the early stages of DN in patients with 
an eGFR of ≥60 mL/min/1.73 m2 and was associated with 
progressed to CKD stage 3 or greater, which indicated that 
higher urinary cystatin C excretion was a better predictor of 
early nephropathy [46].

In another recent study, Jeon et al. evaluated clinical 
usefulness of cystatin C levels of serum and urine in predicting 
renal impairment in normoalbuminuric patients with type 2 
diabetes. Cystatin C levels of serum and urine were identified 
as independent factors associated with eGFR < 60 mL/min/1.73 
m2 in patients with normoalbuminuria, which indicated 
serum/urinary levels of cystatin C could be a useful marker 
for early DN in type 2 diabetics with normal albuminuria 
excretion. The cystatin C levels of serum and urine increased 
with increasing degree of albuminuria, reaching higher levels 
in macroalbuminuric patients, indicating that levels of cystatin 
C in serum/urine might be a useful biomarker for predicting 
progression of type 2 DN. From this, Jeon et al. suggest that 
cystatin C measurement in urine and serum is a useful, practical, 
non-invasive tool for the evaluation of renal involvement 
in the course of diabetes, especially in normoalbuminuric 
patients [22]. Thus, being elevated in serum or urine, even 
before the appearance of albuminuria and creatinine-based 
estimates, cystatin C may serve as a more sensitive early renal 
marker for predicting onset of nephropathy in patients with 
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normoalbuminuria (early nephropathy) and its progression in 
type 2 diabetic patients.

Cystatin C-versus Creatinine-based estimating 
equations
Recently, several cystatin C-based equations have been developed 
for estimating GFR, and has been recommend to be used as a 
confirmatory test for the diagnosis of CKD in patients with 
mild to moderate decreased GFR as estimated from creatinine 
(eGFR 45-59 ml/min/1.73 m2) and no other markers of kidney 
damage (e.g. ACR <30 mg/g) [47,48]. A recent study also suggest 
that cystatin C-based estimated GFR (eGFRcys) can be a useful 
confirmatory marker in those with creatinine-eGFR (eGFRcr) < 60 
ml/min/1.73 m2 and whose ACR is <30 mg/g [49]. Since cystatin 
C is less affected by non-GFR factors, GFR estimates based on 
serum cystatin C may have advantages over the creatinine-
based estimates in diabetics. In light of this, a few studies have 
compared the performance of cystatin C- and creatinine-based 
equations in diabetic patients. Rigalleau et al. suggest that the 
addition of cystatin C measurements to creatinine measurements 
in assessment of renal function significantly improves the 
diagnosis and stratification of CKD, and the estimation of GFR in 
diabetes [50].

The Modification of Diet in Renal Disease (MDRD) and the 2009 
CKD Epidemiology Collaboration (CKD-EPI) equations are the 
most widely used creatinine-based equations to estimate GFR in 
clinical practice [51,52]. Although these equations are simpler, 
less costly and easily available compared with the clearance 
method and are superior to the C-G equation, they pronouncedly 
underestimated GFR in type 2 diabetic patients [53]. In this 
regard, it has been suggested that creatinine-based eGFRs are 
unable to predict the early renal dysfunction in type 2 diabetics 
compared to cystatin C based eGFR [54]. Creatinine-based the 
MDRD formula has been recommended by current guidelines 
for the annual evaluation of renal function in all patients with 
type 2 diabetes [55]. However, it significantly underestimate GFR, 
especially at the high-normal range, and therefore lacks sufficient 
sensitivity to detect an early GFR declines in these patients [53]. 
Few investigators have compared cystatin C-based equations to 
the MDRD equations in type 2 diabetes. 

In a recent study, Chudleigh et al. compared the performance 
of GFR estimations obtained by cystatin C-based formulae with 
those obtained by the MDRD formula in predicting isotopically 
measured GFR (51 Cr-EDTA) in 106 patients with type 2 diabetes 
and normoalbuminuria. The MDRD formula significantly 
underestimated isotopic GFR, but there was no statistically 
significant difference between mean eGFRcys and isotopic GFR, 
and was less biased than the MDRD formula. In this study, the 
proportion of eGFR results within 10% of isotopic GFR were greater 
using cystatin C-based formulae than the MDRD [56]. Similar 
findings were also found in Hamed et al. study, demonstrated 
that the MDRD formula underestimates normal-to-high GFRs 
(both P < 0.01). According to this study, one practical advantage 
is that basing the diagnosis of CKD on cystatin C-based equation 
avoids the erroneous estimation of GFR in type 2 diabetic patients 
without CKD that tends to result with the MDRD [25]. 

In another recent study, Oh et al. compared the performances 
of GFR estimations measured by cystatin C-based formula with 
those measured by the creatinine-based formulae in predicting 
isotopically measured GFR in type 2 diabetic patients according 
to glycaemic status. Cystatin C-eGFR was less biased and more 
accurate than creatinine-based eGFR in all patient groups 
(HbA1c level of ≤ 75 and >95 mmol ⁄ mol). The MDRD-eGFR 
underestimated isotopic GFR in the group with HbA1c > 95 mmol⁄ 
mol; however, there was no statistically significant difference 
between eGFRcys and isotopic GFR. Although the performance 
of eGFRcys in this study was not superior to MDRD-eGFR in the 
patient groups with HbA1c < 95 mmol⁄ mol, there is an improved 
performance of eGFRcys in the groups with HbA1c > 95 mmol⁄ mol 
[57]. Cystatin C-based eGFR was also found to be correlating well 
with glycemic status (expressed by the fasting glucose and the 
HbA1c) in type 2 diabetes in Mathew et al. study, indicating that 
it is the marker of choice for the detection of renal involvement in 
patients with type 2 diabetes [54]. In routine clinical practice, the 
prediction of GFR becomes crucial as many diabetics are often 
poorly controlled and hence GFR and its estimations correlate 
with HbA1c [58]. In these conditions, the above studies have 
shown that the cystatin C-based equation has a better diagnostic 
accuracy, and this accuracy was not altered by high HbA1c level, 
whereas the MDRD becomes less accurate when HbA1c is >95 
mmol⁄ mol.

Like cystatin C levels in serum/urine, eGFRcys has been suggested 
to show better clinical utility for detecting nephropathy in 
patients with normoalbuminuria (early nephropathy) as well 
as for predicting progression of nephropathy in patients with 
normo-, micro- or macroalbuminuria. In one study Yarkova et 
al. found that CKD defined by eGFRcys < 60 ml/min/1.73 m2 

was higher in 34.3% patients at the normoalbuminuric stage 
and 37% at the microalbuminuric stage compared to 17.1% and 
15.2% by the MDRD. GFR values <90 ml/min/1.73 m2 were also 
found in 82.9% and 93.5% of patients with normoalbuminuria 
and microalbuminuria, respectively using the cystatin C equation 
compared to 57.1% and 47.8% using the MDRD. From this, 
Yarkova et al. concluded that the determination of early stages 
of DN by cystatin C–based estimating equations, even before the 
appearance of albuminuria, is more accurate than that calculated 
by the MDRD [59]. Another study by Lee et al. also found that 
levels of serum cystatin C and eGFRcys were significantly related 
to the onset or presence of DN in type 2 diabetic patients with 
microalbuminuria, which indicated that cystatin C might be 
a useful marker for detecting early renal damage. The serum 
levels of cystatin C were statistically related to all DN stages with 
decrease of 11.7% and 21.0% in the normoalbuminuric group 
than in the micro- and macroalbuminuric groups (P = 0.004 and 
P < 0.001). From this, they suggested that serum cystatin C might 
rise earlier than SCr in the presence or progression of type 2 DN, 
and that eGFRcys might be more valuable than eGFRcr in the 
prediction of the microalbuminuric stage [60].

The creatinine-based CKD-EPI equation, initially developed to 
correct the systematic underestimation of the MDRD equation, 
presented a poor performance to estimate GFR in type 2 diabetics, 
especially for high-normal GFRs [53]. It was also reported to 
achieve better results in the non-diabetic cohort comparing with 
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those in the type 2 diabetic cohort [61]. Singla et al. evaluated 
the role of cystatin C as an early biomarker of renal impairment 
in type 2 DM before the onset of microalbuminuria. They found 
that eGFRcys is a good biomarker to detect early stage of DN 
resulting from diabetes than eGFRcr using CKD-EPI, confirming 
the superiority of the cystatin C-based equations over the CKD-
EPI equation in patients with type 2 diabetes [20]. However, the 
superiority of the cystatin C-based equations over the MDRD and 
CKD-EPI creatinine equations has not been con firmed by Iliadis 
et al. study. In this study, the proportion of eGFR results within 
10% and 30% of mGFR (defined by 51Cr-EDTA-measured GFR) was 
the same when using the MDRD, CKD-EPI and cystatin C-based 
formulae for the diagnosis of mild and moderate CKD (mGFR <90 
and <60 ml/min/1.73 m2, respectively). Furthermore, the CKD-EPI 
creatinine-based equation was found to be the least biased, the 
most precise and the most accurate equation in type 2 diabetic 
patients with mGFR ≥90 ml/min/1.73 m2 [62].

Cystatin C as a Marker for Predicting Adverse 
Outcomes 
Although all the reviewed studies suggest that cystatin C is 
a promising renal marker, it is important to document the 
advantages of cystatin C to improve patient outcome, which 
ultimately depends on the results of patient outcome studies. 
There is growing evidence suggesting that the addition of 
cystatin C to traditional CKD markers such as albuminuria and 
eGFRcr significantly improves risk prediction [49]. Being less 
influenced by non-renal factors, cystatin C might be a promising 
early marker for predicting adverse clinical outcomes in 
diabetic patients. Recently, a study by Tsai et al. showed that 
a higher prevalence of reduced kidney function was found 
among persons with diabetes using eGFRcys compared to 
eGFRcr (22.0% and 16.5%, respectively). More persons with 
diabetes were reclassified from preserved kidney function 
by eGFRcr to reduced kidney function by eGFRcys, and it was 
strongly associated with diabetic complications, including DR 
than that based on creatinine. In this study, the relationship 
between eGFRcys and all-cause and cardiovascular mortality 
was stronger than the corresponding relationship with eGFRcr 
[63].

In another similarly, eGFRcys identified a quite different 
population with CKD compared with the eGFRcr (79 
identical/181 not identical for MDRD, and 86 identical/178 
not identical for CKD-EPI). In this study, only the eGFRcys 
based definition of CKD was an independent risk predictor 
for cardiovascular events in diabetic patients and indicated 
a potentially better clinical utility for cardiovascular risk 
prediction than the commonly used estimates, eGFRcr [64]. 
In another study, Krolewski et al. showed that CKD staging by 
both eGFRcr and eGFRcys resulted in significant discrepancies 
in approximately 25–35% of patients. For young or middle-
aged diabetic patients in CKD stages 1–3 (based on routine 
measurements of SCr); a secondary assessment of renal 
function based on serum cystatin C significantly improves 
ESRD risk stratification. From this they suggested that the 

measurement of serum cystatin C in diabetic patients has value 
in assessing risk of ESRD [65]. 

Recently, CKD outcome studies from type 2 diabetic patients 
have established that cystatin C can improve risk stratification. In 
a recent study, Senghor et al. demonstrated that serum Cystatin 
C, a preclinical marker of renal dysfunction, can be used as a 
predictive marker of diabetic dyslipidemia and cardiovascular 
risk in poorly controlled Type 2 Diabetic patients [66]. In another 
study, Lee et al. evaluated the association between cystatin C and 
various biomarkers in estimating risk for CVD in type 2 diabetic 
patients, and found that cystatin C significantly correlated with 
various emerging biomarkers for CVD [67]. In the same context, 
a recent study, including 42 patients with type 2 diabetes, 
showed that only cystatin C level was associated with increased 
risk of CVD, which indicated that cystatin C may be a valuable 
and useful marker for predicting CVD in type 2 diabetic patients 
[68]. Another study also demonstrated that measurement of 
the levels of serum cystatin C is a useful, practical, noninvasive 
technique for the evaluation of renal involvement and might be 
related with a risk for cardiovascular events in patients without 
nephropathy in the course of diabetes, especially in patients with 
normoalbuminuria [34].

More recently, Pavkov et al. compared values of baseline serum 
cystatin C, SCr, and measured GFR (mGFR) for predicting ESRD 
in patients with type 2 diabetes and elevated albuminuria. They 
found that serum cystatin C was a better predictor of ESRD 
than mGFR or SCr, and the predictive ability of serum cystatin 
C remained superior to the other filtration markers in subjects 
with normal or high-normal GFR, suggesting that cystatin C may 
allow earlier stratification of patients at high risk for progression 
to kidney failure. Pavkov et al. also suggested that the predictive 
value of serum cystatin C for ESRD in patients with type 2 diabetes 
may be enhanced beyond the gold-standard measurement of GFR 
because of additional renal and non-renal information cystatin 
C may impart [69]. Another recent study by Liu et al. showed 
that the prevalence of coronary artery disease (CAD), cerebral 
infarction (CI) and lower limb ischemia (LLI) caused by peripheral 
arterial disease (PAD) increased with cystatin C, especially the 
prevalence of LLI. From this, Liu et al. concluded that apart from 
renal function the detection of cystatin C concentration is of great 
value for screening out the patients with the angiostenosis risk of 
lower limb to prevent foot ulceration and amputation [70].

Conclusion
Diagnostic markers which reflect renal impairment at early 
stage is important as early intervention can slow the loss of 
kidney function and reduce adverse clinical outcomes. Serum 
cystatin C rise faster than SCr after a fall in GFR and has the 
potential to accurately detect earlier changes in GFR compared 
to SCr, serving as an excellent endogenous marker of early renal 
dysfunction in type 2 diabetes. Its levels in serum or urine might 
be also elevated in diabetic patients even before the appearance 
of microalbuminuria, and can be used as useful marker for 
detecting nephropathy in patients with normoalbuminuria 
(early nephropathy), which will allow early intervention and 
management of type 2 diabetic patients with DN. Cystatin C 
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may serve as a marker for monitoring kidney function in type 2 
diabetic patients with normo-, micro-and macroalbuminuric DN. 
Cystatin C and cystatin C-based estimates of GFR predicted risk 
of progression to end stage renal disease (ESRD), cardiovascular 
events, CVD, and diabetic lower arterial lesion (one of the major 
causes for foot ulceration and amputation in diabetes) in type 2 
diabetes more strongly than the commonly used creatinine-based 

estimates. We suggest that future studies utilize cystatin C to 
study the onset and progression of diabetic nephropathy 
and to predict outcomes, in addition to further assessing its 
ability to predict early renal dysfunction in type 2 diabetic 
patients and for predicting nephropathy in patients with 
normoalbuminuria (early nephropathy).
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