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Introduction
Diabetic nephropathy [DN], which is characterised by a set of 

structural and functional kidney abnormalities in patients with diabetes, 
is a serious complication associated with an increased risk of mortality 
and cardiovascular and renal adverse outcomes [1,2]. Diagnostic 
marker to detect DN at early stage is important as early intervention 
can slow the loss of kidney function and reduce clinical outcomes. 
The appearance of a small amount of protein albumin in the urine, 
called microalbuminuria has generally been considered as the earliest 
marker of DN and is often associated with established significant renal 
damage. However, a substantial proportion of individuals with diabetes 
could have renal impairment before or even without passing the stage 
of microalbuminuria, the gold standard for early diagnosis [3]. In the 
elderly, for example, normoalbuminuric renal insufficiency was most 
evident; among diabetics in the ages of 60 to 79 and a GFR of < 30 mL/
min/ 1.73 m2, 34% demonstrated no albuminuria [4]. 

Given these limitations, assessment of renal disorders using 
earlier, more sensitive and specific markers can optimize detection of 
renal impairment in diabetic patients with normal albuminuria [early 
nephropathy]. In clinical practice, serum creatinine [SCr] level is the 
most commonly used marker for assessing renal impairment [5]. 
However, SCr appears to be affected by non-renal factors including age, 
gender, race, muscle mass, medication use and dietary meat intake, and it 
is found to be relatively insensitive for detecting early renal impairment 
in diabetes [6,7]. In one study, for example; 48.8% and 54.7% of patients 
with diabetes and CKD were found to have normoalbuminuria and 
normal SCr levels, respectively [8]. Since diabetes causes glomerular 
and tubular changes, tubular marker proteins may be used to detect 
early renal damage associated with DN. 

Recently, serum cystatin C, a single chain, non-glycosylated basic 
protein that is produced and secreted by all nucleated cells at a constant 
rate, has been proposed as an endogenous marker for detecting early 

renal impairment. 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 [9,10]. 
Therefore, glomerular filtration and tubular reabsorption of cystatin 
C determines the amount of cystatin C; making it an interesting 
early renal marker for nephropathy. Furthermore, urinary cystatin C 
excretion has been suggested as a useful marker for the detection of 
nephropathy long before elevations in urinary albumin. Thus, cystatin 
C may be used as supplementary tests to urine albumin excretion in 
order to unmask early DN [11]. 

The interest for the use of cystatin C as a marker for early DN derives 
from the observation that patients with type 2 diabetes passes through a 
period of pre-diabetes and may experience renal impairment at diagnosis. 
Although microalbuminuria has been considered as the earliest marker 
of DN in clinical practice, 29.1-61.6% of individuals with type 2 diabetes 
could have renal impairment even before the onset of microalbuminuria, 
the gold standard for early diagnosis [12,13]. According to one study, type 
2 diabetics with normoalbuminuric renal insufficiency were less likely to 
be identified as having any impaired kidney function as well as to have had 
their choice of drug type or drug dose adjusted compared to those with 
albuminuric renal insufficiency [14]. Therefore, defining new markers as 
a supplementary test to traditional markers for the early diagnosis of DN 
would play a significant role for the effective management and treatment 
approaches in diabetic care. In this review, we summarize recent studies 
that have examined the utility of cystatin C as a marker for early DN in type 
2 diabetic patients. 
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Abstract
Diabetic nephropathy (DN) is a serious complication of diabetes associated with an increased risk of mortality, 

and cardiovascular and renal outcomes. Cystatin C, a 13 kD non-glycosylated basic protein, may be 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). We reviewed the recent literatures to determine 
if serum or urine cystatin C measurements could be useful as a marker to detect early DN in type 2 diabetic patients. 
Our search identified a total of 23 studies that have been published to date. Cystatin C measurement was carried 
out using immunoturbidimetric assays, Dade Behring Cystatin C assay, particle enhanced nephlometric immnuno 
assays, ELISA kits, or latex agglutination tests. Serum or urinary levels of cystatin C were elevated in type 2 diabetic 
patients compared to non-diabetic controls, including in patients who had no signs indicating nephropathy (without 
microalbuminuria). A significant positive correlation was found between cystatin C levels and albuminuria, suggesting 
its ability as a marker reflecting the degree of renal impairment in type 2 DN. Despite the promise of cystatin C as a 
biomarker, further large, multicenter prospective studies are still needed to confirm its clinical utility as a screening 
tool for early type 2 DN in every day practice.
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Methods
This review is intended to explore aspects associated with the use 

of serum or urine cystatin C as a biomarker for early DN and it is not 
the intention of the author to comment on the molecular function of 
the cysteine protease inhibitor cystatin C. The author performed a 
systematic search of the publications listed in PubMed, US National 
Library of Medicine, Google Scholar, and Cochrane Library databases 
to determine if serum or urine cystatin C measurements could be useful 
as a biomarker for early detection of DN in type 2 diabetic patients. We 
used the following keywords: Cystatin C, Serum cystatin C, Urinary 
cystatin C, Normoalbuminuria, early diabetic nephropathy, and type 
2 diabetes. The keywords were searched alone or in combination with 
other keywords. We reviewed articles published between August 2003 
and January 2015. Our search identified a total of 23 studies that have 
been published to date. The most common clinical condition in which 
serum or urine cystatin C analyses were carried out were cardiovascular 
events, including cardiovascular disease [CVD], end state renal diseases 
[ESRD], and lower limb ischemia [LLI].

Cystatin C measurement

The most commonly used method for serum/urinary cystatin C 
measurement was with the Immunoturbidimetric assay, particularly 
the latex particle enhanced immunoturbidimetric assay [15-27]. In one 
study, the levels of serum cystatin C were measured using the Dade 
Behring Cystatin C assay with automated Dade Behring Nephelometer II 
[BNII] [Dade Behring Marburg GmbH, Germany] [28]. Other methods 
included particle enhanced nephlometric immnuno assay, ELISA [using 
RD191009100 Human cystatin C ELISA kit], and latex agglutination 
test [29-35]. In two study, the nature of the analysis was not described 
[36,37]. Cystatin C measurement using immunoturbidimetric assay 
has increasingly becoming the method of choice for studies conducted 
since 2015. However, no studies have compared the efficacy of various 
methods for measuring serum or urine cystatin C.

Serum cystatin C 
The stable production rate of cystatin C and its lack of secretion by 

the tubular epithelial cells indicated that the renal function is the major 
determinant of cystatin C and even minimal renal damage will result 
a significant rise in levels before the appearance of traditional CKD 
markers. One recent study indicated that the levels of serum cystatin C 
were found to be significantly increased in patients with type 2 diabetes 
than healthy controls, and that elevated levels were found in patients 
with normoalbuminuria. The study 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 
[15]. Another study found that cystatin C levels were highest in type 
2 diabetic patients without microalbuminuria. The study also found 
that cystatin C and cystatin GFR levels were highest and lowest, 
respectively in type 2 diabetic 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] [16]. Another study 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., at the early stage of nephropathy [29].

Another study from normoalbuminuric type 2 diabetic patients 
fund that 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 levels of cystatin C in serum could be 
used as an early biomarker of DN in patients with normal value of 
UAE and creatinine-based eGFR. Authors from this study concluded 
that elevated cystatin C levels in diabetics may identify a certain 
degree of renal impairment even when albuminuria and creatinine-
based eGFR do not reflect CKD [17]. Another more recent study from 
type 2 diabetic patients showed that levels of serum cystatin C were 
significantly higher in the microalbuminuric group [1.74 ± 0.66] than 
normoalbuminuric group [1.19 ± 0.62], 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. The study concluded that the determination of 
serum cystatin C is a valuable tool to describe GFR loss independently 
and together with ACR in patients with diabetes, and can optimize the 
early detection of renal damage [30]. 

Another study found that levels of serum cystatin C and urine 
microalbumin excretion rate [UMAER] were significantly increased in the 
normoalbuminuric group [UMAER <30 mg/24 h], the early DN group 
[UMAER of 30–300 mg/24 h], and the clinical DN group [UMAER >300 
mg/24 h], indicating that higher serum cystatin C was a better predictor 
of early nephropathy than albuminuria in type 2 diabetes. The study also 
found that the serum levels of cystatin C increased more significantly in 
clinical DN patients as compared to early DN and normoalbuminuric 
patients and showed a positive correlation with UMAER, which suggested 
that cystatin C might be a biomarker of early DN. Finally the study 
concluded 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, i.e., in 
normoalbuminuric stage [18]. 

In one study, evaluating cystatin C as a marker of nephropathy 
in type 2 diabetic patients who were normo-, micro-, and 
macroalbuminuric, cystatin C identified 40% of the patients with DN 
as compared to 12% by SCr [36]. In another study, the mean levels 
of serum cystatin C in macroalbuminuric type 2 diabetic patients 
were significantly higher than those in normo- or microalbuminuric 
patients, and the maximum diagnostic efficiency of cystatin C [7%6] 
was greater than that of SCr [66%]. As an early prognostic marker of 
type 2 DN, serum cystatin C was better than SCr in terms of sensitivity 
and specificity, which suggested that the levels of serum cystatin C may 
predict early prognostic stages of patients with type 2 DN [28]. Another 
recently study assessed serum cystatin C and 2 renal tubular enzymes 
as screening markers for early renal dysfunction in patients with type 2 
diabetes. Receiver operating characteristic [ROC] curve analysis of this 
study showed 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 type 2 DN [19]. 

Similar findings have also been reported by other study groups who 
propose the use of cystatin C-based estimates of renal function in type 
2 diabetic patients. One study indicated that CKD defined by cystatin 
C based eGFR <60 ml/min/1.73 m2 was higher in 34.3% patients at 
the normoalbuminuric stage, 37% at the microalbuminuric stage and 
36.4% at the macroalbuminuric stage, and was more accurate than that 
defined by Cockcroft–Gault [C-G] and the Modification of Diet in 
Renal Disease [MDRD] formulae. This indicated that estimates of GFR 
based on serum cystatin C may be more sensitive than creatinine based 
estimates to predict early renal damage in type 2 diabetic patients even 
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before the development of albuminuria [31]. Another study from type 
2 diabetic patients found that levels of serum cystatin C and cystatin 
C-based eGFR 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. In 
this study, 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. They 
suggested that serum cystatin C might rise earlier than SCr in the 
presence or progression of type 2 DN, and that cystatin C-based eGFR 
could be used as a better diagnostic tool than creatinine-based eGFR 
for predicting early DN in the microalbuminuric stage [20]. 

Another recent study investigated how well serial measurements 
of serum cystatin C level reflect changes in the UAE rate. The portion of 
patients with renal failure, defined as an eGFR of <60 mL/min/1.73 m2, 
was almost half of the study group, and this portion decreased to 34.3% 
when eGFR was calculated using a cystatin C-based equation rather than 
the MDRD formula. In this study the albuminuria levels for each patient 
over time corresponded with the annual change in cystatin C-based eGFR 
but did not correspond with the creatinine-based eGFR calculated by 
the MDRD. This indicated that serum cystatin C levels reflect trends in 
albuminuria more accurately than SCr level in type 2 DN, and that GFR 
values derived from serum cystatin C might be a prognostic markers for 
early development and progression of DN in diabetics [21]. One study 
from type 2 diabetic patients showed that serum cystatin C levels were 
higher in normoalbuminuric patients than in controls, and were higher in 
microalbuminuric than in normoalbuminuric and in 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. The study demonstrated that 
measuring serum cystatin C levels could be useful as screening markers 
to follow-up glomerular and tubular dysfunction in diabetic patients [22]. 

Being elevated, even before the appearance of SCr, serum cystatin C may 
serve as an efficient marker for evaluating all stages of renal insufficiency in 
diabetic patients with normo-, micro-and macroalbuminuria. In another 
recently study from type 2 diabetic patients, abnormal values of serum 
cystatin C were found in 28.7%, 54.8% and 80.0%% of normo-, micro-, 
and macroalbuminuric DN patients, respectively compared to abnormal 
SCr values: 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 [23]. 

Urinary cystatin C

Similar to the serum cystatin C, the level of urinary cystatin C has been 
recognized as a marker of early renal damage among patients with type 
2 diabetes mellitus [24]. In a more recent study, urine levels of cystatin C 
were significantly higher in patients with microalbuminuria compared 
to normoalbuminuria and were positively correlated with urine ACR 
in both diabetes and pre-diabetes. Urine cystatin C was raised early in 

diabetic and pre-diabetic nephropathy, which indicated that cystatin 
C may play major role in development of nephropathy in pre-diabetes 
[37]. Another recently study assessed the possible value of urinary 
cystatin C in early detection of DN in type 2 diabetic patients (divided 
into 2 groups). Urinary levels of cystatin C 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. In the study, a statistically significant difference was 
found when comparing urinary cystatin C between the three studied 
groups [including control group] and when comparing the 2 patient 
groups together. Urinary cystatin C has a diagnostic accuracy of 71.4% 
to predict the presence of microalbuminuria in early DN. The study 
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 [32]. 

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, 
which indicated that higher urinary cystatin C excretion was a better 
predictor of early nephropathy. The number of patients who progressed 
to CKD stage 3 or greater was higher in those in the upper tertiles of 
urinary cystatin C levels than in those in the lower tertiles, indicating 
that urinary cystatin C may be a uses as biomarker for predicting 
progression of nephropathy in type 2 diabetics [33]. 

Another recent study evaluated clinical usefulness of cystatin 
C levels of serum and urine in predicting renal impairment in 
normoalbuminuric patients with type 2 diabetes and the association 
between albuminuria and serum/urine cystatin C. Serum and urinary 
cystatin C levels were identified as an independent factor associated 
with eGFR <60 ml/min/1.73 m2 in patients with normoalbuminuria, 
which indicated serum/urinary cystatin C levels could be a useful 
marker for predicting early nephropathy in type 2 diabetic patients with 
normal albuminuria excretion. The cystatin C levels of serum and urine 
increased with increasing degree of albuminuria, reaching higher levels 
in macroalbuminuric patients, demonstrating usefulness of serum or 
urinary cystatin C as a biomarker for predicting onset of nephropathy 
in patients with normoalbuminuria [early nephropathy] as well as 
for predicting progression of nephropathy in patients with normo-, 
micro- or macroalbuminuria in type 2 diabetes. Authors of this study 
suggested 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 [34]. 
All data suggest that cystatin C is a promising marker for predicting 
early onset and progression of DN in type 2 diabetics, it is important 
to document the advantages of cystatin C to improve patient outcome, 
which ultimately depends on the results of outcome studies. 

Cystatin C for predicting adverse outcomes 

there is growing evidence suggesting that cystatin C could be used 
as an indicator of diabetes and its associated complications [38]. In one 
recent study a higher prevalence of reduced kidney function was found 
among persons with diabetes using eGFRcys compared to eGFRcr 
(22.0% and 16.5%, respectively). Reduced kidney function defined by 
eGFRcys was strongly associated with diabetic complications, including 
DR than that based on creatinine and the relationship between 
eGFRcys and all-cause and cardiovascular mortality was stronger 
than the corresponding relationship with eGFRcr [39]. Another study 
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found that eGFRcys identified a quite different population with CKD 
compared with the eGFRcr and indicated a potentially better clinical utility 
for cardiovascular risk prediction than the commonly used eGFRcr [40]. 
Another study from diabetic patients showed that the eGFRcys predicted 
all-cause and CV mortality more strongly than eGFRcr [41]. Another study 
demonstrated that CKD staging based on eGFRcyst significantly improves 
ESRD risk stratification based on eGFRcr [42].

There is now growing interest in the association of cystatin C and 
the development of clinical outcomes in type 2 diabetic patients. A 
follow-up study from a population who were free of type 2 diabetes 
and known CVD found that elevated baseline concentrations of 
cystatin C was associated with a threefold excess risk of progression 
to pre-diabetes independent of obesity, baseline glucose, eGFR [or 
SCr], ACR, and other explanatory variables [43]. Another more recent 
study found that serum cystatin C was a better predictor of ESRD 
than measured GFR [mGFR] or SCr in patients with type 2 diabetes 
and elevated albuminuria. In subjects with normal or high-normal 
GFR, the predictive ability of serum cystatin C remained superior to 
the other filtration markers, suggesting that measurement of serum 
cystatin C may allow earlier risk stratification of patients at high risk for 
progression to kidney failure. Authors from this study suggested that 
the predictive value of serum cystatin C for ESRD in type 2 diabetics 
may be enhanced beyond the gold-standard measurement of GFR 
because of additional renal and non-renal information serum cystatin 
C may impart [35]. 

One study from type 2 diabetic patients suggested 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 [15]. Another 
study by Triki et al. evaluated the association between the increase of 
serum cystatin C levels and the risk of CVD in patients with type 2 
diabetes. A statistically significant increase of cystatin c levels was found 
in CVD group compared to non CVD group, especially in patients with 
normoalbuminuria, suggesting that addition of cystatin C to albuminuria 
significantly improves CVD risk prediction [25]. In another recent study, 
serum cystatin C showed a positive correlation with HbA1c [r=0.9] and 
with cardiovascular risk markers hs-CRP [r=0.89], non-HDLc [r=0.66], 
TC: HDLc [r=0.48] and LDLc: HDLc [r=0.72], indicating that serum 
cystatin C can be used as a predictive marker of diabetic dyslipidemia and 
cardiovascular risk in type 2 diabetic patients [26]. 

Similarly, 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 is significantly correlated with various 
emerging biomarkers for CVD, which demonstrated cystatin C as a 
valuable and useful marker for predicting future CVD in type 2 diabetic 
patients [44]. Another study from type 2 diabetic patients 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, 
which suggested that cystain C is more suitable to be a PAD predictor. 
A 20-fold increased risk for LLI was observed in patients in the highest 
cystatin C level than that in the lowest quartile group, and concluded 
that, apart from renal function, the detection of cystatin C level is of 
great value for screening out the patients with the angiostenosis risk of 
lower limb to prevent foot ulceration and amputation [27].

Conclusions 
Although microalbuminuria has been recognized as the earliest 

marker for detection and prediction of DN, it has several limitations, 
such as lower sensitive and larger variability. Being elevated in serum 
or urine, even before the appearance of albuminuria and creatinine-
based estimates, cystatin C might offer an advantage to traditional 
CKD markers with respect to early detection of DN and its progression, 
which will allow for timely intervention and management of type 2 DN. 
Cystatin C and cystatin C-based eGFR are also an important predictor 
of clinically important outcomes including all-cause and cardiovascular 
mortality, CVD, ESRD and diabetic lower extremity arterial disease, 
which is one of the major causes for foot ulceration and amputation, 
in patients with type 2 diabetes. Thus, this review demonstrates that 
cystatin C offers a more efficient diagnostic tool than traditional CKD 
markers in type 2 diabetic patients with renal disease.
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