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Abstract
Clinically type 2 diabetes mellitus (T2DM) without serum creatinine microalbuminuria, macroalbuminuria lacks predictors for 
diabetic nephropathy (DN). We utilized a meta-analysis technique to review the literature to evaluate whether serum cystatin C 
may be used as an early marker of diabetic nephropathy in light of the differing opinions regarding the utility of serum cystatin C 
as such. PubMed, Google Scholar, Web of Science, EMBASE, and Scopus Database were searched using various key search terms. 
Studies involving T2DM patients and containing serum cystatin C levels and the estimated glomerular filtration rate (eGFR) data 
were included. Pooled sensitivity, specificity, positive predictive value, and negative predictive value were also calculated. The 
pooled sensitivity and specificity of serum cystatin C for predicting DN were 0.87 (95% CI 0.84 - 0.91) and 0.84 (95% CI 0.83 - 
0.88) respectively. The pooled positive and negative predictive values of serum cystatin C for predicting DN were 7.035 (95 % CI 
4.30 – 11.43) and 0.15 (95% CI 0.09 - 0.21) respectively. The area under the summary receiver operating characteristic (SROC) 
curve was 0.9548 and the diagnostic odds ratio was 67.10 (95% CI 28.12 - 156.84). Serum cystatin C is a significant biomarker 
of DN among patients with T2DM. It can also positively monitor kidney function progression and prediction of adverse outcomes 
among T2DM patients.
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Introduction

Diabetes mellitus is a systemic chronic disease of the 
metabolism that progresses with chronic hyperglycemia 
and is characterized by disturbances in carbohydrate, 
protein and lipid metabolisms that appear due to a 
partial or complete deficiency of insulin and/or insulin 
resistance [1]. It is an important health problem with 
a prevalence that has been increasing throughout the 
world due to reasons such as a sedentary lifestyle, 
unhealthy diet and being overweight. Uncontrolled 
hyperglycaemia leads to microvascular complications of 
diabetes such as retinopathy, nephropathy, neuropathy. 
Diabetic nephropathy (DN) is a complication of diabetes 
mellitus with worst outcomes and with significant 
morbidity and mortality [2]. Nearly one of every three 
diabetic subjects develops DN during the course of their 
disease [3]. The American Diabetes Association (ADA), 
and the National Kidney Foundation (NKF) came to 
an agreement in 2014 and defined DN as the chronic 

kidney disease brought on by T2DM and characterized 
by a urinary albumin/creatinine ratio (ACR) of greater 
than 30 mg/g for more than >3 months or a persistent 
estimated glomerular filtration rate (eGFR) of less 
than 60 ml/min/1.73 m2 [4]. The 24-hour albuminuria 
excretion rate (AER) and glomerular filtration rate 
(GFR) were combined as the new categorization 
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of diabetic nephropathy by the Joint Committee on 
Diabetic Nephropathy [5] and AER and spot ACR are 
regarded as the gold standard DN diagnostic assays 
[6].A decline in eGFR among T2DM patients coexists 
with the advancement of DN. eGFR and albuminuria 
has traditionally been regarded as complementary 
symptoms of DN [7]. However, according to studies 
those with T2DM who have normoalbuminuria could 
have serious renal problems [8, 9]. The Diabetes Control 
and Complications Trial (DCCT)/ Epidemiology of 
Diabetes Interventions and Complications (EDIC) study 
demonstrated that 24% of the examined DM patients 
with baseline eGFR level > 60 ml per min per 1.73 m2 
progressed to DN within one year however, they did 
not experience microalbuminuria or macroalbuminuria 
[10]. As DN is the leading cause of chronic kidney disease 
and failure early detection of nephropathy among T2DM 
is crucial so that prompt intervention can be done. 
Recently serum cystatin C has been considered a new 
biomarker for the diagnosis of renal damage. Several 
studies have shown that serum cystatin C is a better 
marker of decreased eGFR than Serum creatinine [11-
15]. Cystatin C is a superior biomarker for early kidney 
illness, according to numerous studies. Nevertheless 
there are still some contradictory studies that claim 
cystatin C is not more sensitive than other markers 
in identifying early renal impairment in diabetics, 
children, the general population and previous kidney 
donors [16–20].

Some studies claim that serum cystatin is not better 
indicator than creatinine for identifying, nephropathy 
in T2DM patients [21]. Due to varying reviews on the 
usefulness of serum cystatin C as a biological marker 
for detection of renal disease prompted us to conduct 
a meta-analysis to systematically analyze the relevant 

studies for determining the predictive value of serum 
cystatin C for the early detection of DN in T2DM patients. 
In this study we aimed to evaluate the GFR via serum 
cystatin C for the early detection of DN among T2DM 
patients.

Search strategy

A computerized literature search was conducted using 
from September 2021 to May 2022 MeSH (medical 
subject headings) such as ‘serum cystatin C’ and 
‘diabetic nephropathy’ and ‘glomerular filtration rate’ 
AND (sensitivity OR specificity OR accuracy) in PubMed, 
Google Scholar, Web of Science, EMBASE, and Scopus 
Database to identify potentially relevant articles. The 
titles and abstracts of each resulting studies were 
carefully screened. Full texts of related studies were 
independently evaluated for additional eligible studies. 
Reference lists of the identified articles were also 
reviewed manually to identify additional articles.

Study selection

The following inclusion criteria were used: (i) Studies 
involving serum cystatin C predicting DN and giving 
the measured glomerular filtration rate (eGFR) for 
patients with T2DM, (ii) Studies that include parametric 
numerical data of serum cystatin C (mean ± standard 
deviation), (iii) Studies that included humans as 
participants, (iv) The age of the subjects was limited 
(>60 yrs age), (v) Studies with individuals who had a 
diabetic ketoacidosis, primary kidney disease, heart 
failure, renal injury brought on by drugs, serious 
infection, cancer were not included, (vi) Studies without 
patient eGFR (sensitivity, specificity, or accuracy) were 
also disregarded.

Figure 1: Summary of the literature search.
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Data extraction
Data was independently extracted for type of DM, 
measured values for serum cystatin C, cut-off value 
for serum cystatin C, specificity, sensitivity, and the 
Area under the curve (AUC) and Receiver operating 
characteristic curve (ROC) were all recorded or 
recalculated.

Statistical analysis
Comprehensive Meta-Analysis Software was utilized 
for the statistical analysis. The area under the summary 
receiver operating characteristic curve (SROC) was used 
to express the diagnostic precision of serum cystatin C 
for diagnosing DN.

Search results and study characteristics
A guideline for PRISMA (Reporting Items for Systematic 
Reviews and Meta-Analyses) was used [22]. 190 articles 
were found at the beginning of the cursory search. After 
reviewing the titles and abstracts of these, 178 articles 
were eliminated because they were duplicates, review 
articles, animal research or weren’t relevant to the current 
analysis. We found 49 more articles that qualified for our 
meta-analysis by reading the potentially pertinent ones 
that we discovered by looking through the reference 
lists of the related articles and reviews. Out which only 
3 were eligible for our studies. We eventually included 

nine studies totaling 1428 patients in the meta-analysis 
following a thorough and meticulous screening process 
(Figure 1). Tables 1 & 2 provide a list of the features of the 
included studies. The majority of research was carried 
out on T2DM patients. Turbidimetric immunoassay and 
nephelometric immunoassay method were used to test 
serum cystatin C level [23-27]. eGFR was obtained by 
laboratory testing, the plasma creatinine clearance or 
51Cr-EDTA clearance [28, 29].

Table 1: Characteristics of the 9 studies include in the meta-
analysis.

First author Ethnicity Country

Iliadis et al [26] Western Greece

Macsiaac et al [9] Western Austin

Beauvieux et al [24] Western France

Chae et al [27] Asian Korea

Bicik et al [12] Eastern Turkey

Rigalleau et al [31] Western France

Chritensson et al [23] Western Sweden

Bevc et al [29] Western Slovenia

Oddoze et al [18] Western France

Table 2: Characteristics of the 9 studies include in the meta-analysis with true positive, false positive, false negative, false 
positive.

Study Sample size
DN caused 
by type DM

True 
positive

False 
positive

False 
negative

False 
positive

Serum cystatin 
C (mg/dl) 
threshold

Iliadis et al [26] 445 T2DM 118 60 27 241 1.11

Beauvieux et al [24] 252 T2DM 54 20 5 174 1.1

Chae et al [27] 122 T1DM & 
T2DM 71 5 6 43 0.96

Bicik et al [12] 113 T2DM 18 30 5 60 Not given

Rigalleau et al [31] 75 T2DM 30 4 3 35 1.39

Bevc et al [29] 126 T1DM & 
T2DM 13 5 1 102 1.1

Oddoze et al [18] 114 T2DM 73 2 13 27 1.07

Iliadis et al [26] 53 T2DM 9 4 1 35 0.95

Meta-analysis
Heterogeneity analysis – Sensitivity of heterogeneity 
was (I2 = 58.1%, p = 0.0228). Specificity heterogeneity 
was (I2 = 86.3% p = 0.0010). The heterogeneity of the 
negative likelihood ratio was (I2 = 50.79% p = 0.0413) 
and heterogeneity of the positive likelihood ratio was 
(I2 = 86.2% p = 0.0001). The diagnostic odds ratio of 
heterogeneity was (I2 = 69.6% p = 0.0005).

Figures 2 to 7 display forest plots. Sensitivity ranged 
from 0.83 to 0.99 and the pooled sensitivity of serum 
cystatin C was 0.87 (95% CI 0.84 - 0.91). The specificity 
ranged from 0.69 to 1.02 and the pooled specificity of 
serum cystatin C 0.84 (95% CI 0.83 - 0.88) for predicting 
DN. The pooled positive predictive values of serum 
cystatin C was 7.035 (95% CI 4.30 – 11.43) and negative 
predictive values of serum cystatin C was 0.15 (95% CI 
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Figure 2: Shows pooled Forest plot for sensitivity of serum 
cystatin C for the estimation of glomerular filtration rate in 
predicting DN in T2DM. The diamond represents the pooled 
estimate with 95% CI. Horizontal lines represent 95% CI & 
red circles the study-specific index of diagnosis.

Figure 3: Shows pooled Forest plot for specificity of serum 
cystatin C for the estimation of glomerular filtration rate in 
predicting DN in T2DM. The diamond represents the pooled 
estimate with 95% CI. Horizontal lines represent 95% CI & red 
circles the study-specific index of diagnosis.

Figure 4: Shows pooled Forest plot for positive likelihood ratio 
of serum cystatin C for the estimation of glomerular filtration 
rate in predicting DN in T2DM. The diamond represents the 
pooled estimate with 95% CI. Horizontal lines represent 95% 
CI & red circles the study-specific index of diagnosis.

Figure 5: Shows pooled Forest plot for negative likelihood ratio 
of serum cystatin C for the estimation of glomerular filtration 
rate in predicting DN in T2DM. The diamond represents the 
pooled estimate with 95% CI. Horizontal lines represent 95% 
CI & red circles the study-specific index of diagnosis.

Figure 6: Shows pooled Forest plots for Diagnostic Odd Ratio 
of serum cystatin C for the estimation of glomerular filtration 
rate in predicting DN in T2DM. The diamond represents the 
pooled estimate with 95% CI. Horizontal lines represent 95% 
CI & red circles the study-specific index of diagnosis.

Figure 7: Shows SROC curves of serum cystatin C for the 
estimation of eGFR in predicting DN in T2DM.

0.09 - 0.21) for predicting DN. The diagnostic odds ratio 
was 67.10 (95% CI 28.12 - 156.84). SROC for 9 studies 
AUROC= 0.9548 Q-test = 0.8971 SE (Q) = 0.0225 fig.7.

Discussion

A third of diabetic individuals experience DN and since 
the overall number of diabetics is anticipated to raise 
the prevalence of DN will likewise sharply increase [30]. 
Finding a marker to accurately diagnose DN in its early 
phase, halt its progression to end-stage renal disease 
and consequently lessen the burden of patients. Serum 
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cystatin C is a non-glycosylated low molecular weight 
basic protein which is produced in the body. It can be 
entirely eliminated from circulation through glomerular 
filtration followed by proximal tubular reabsorption and 
finally degradation [11, 31]. Serum cystatin C is often 
higher during the first year of life when the kidneys 
are still developing but the values have a tendency to 
rapidly fall as the kidneys get older. Normal range set 
0.51-1.31 mg/dL up until the age of 50 with a constant 
production rate [32]. Patients with T2DM decline in 
eGFR is seen along with the advancement of DN. There 
is an increased risk of death as the patient’s eGFR drops 
below 60 ml/min/1.73 m2 [33].Stevens et al. addressed 
concerns about the usage of serum cystatin C and came 
to the conclusion that while the  factors like age, sex, 
and race have an impact on serum cystatin C level their 
influence on creatinine & eGFR  is greater than that 
on serum cystatin C [34]. In order to predict DN the 
current meta-analysis compared serum cystatin C with 
eGFR. Nine studies including the serum cystatin C test 
level for the early diagnosis of DN were included in the 
current meta-analysis. According to the findings serum 
cystatin C could identify DN with pooled sensitivity 
of 0.87 and pooled specificity of 0.84. The chances of 
a disease diagnosis increased with a higher positive 
likelihood ratio & the likelihood of developing a given 
condition decreased with a smaller negative likelihood 
ratio. According to the pooled positive likelihood ratio 
of 7.055 hence T2DM patients with elevated serum 
cystatin C had a higher risk of developing DN. Patients 
with normal serum cystatin C levels had fewer instances 
of DN as evidenced by the pooled negative probability 
ratio of 0.15. SROC curve served as a general assessment 
of the efficacy of the diagnostic procedures. SROC area 
under the curve was 0.95498 and the Q value was 
0.8971. Diagnostic odds ratio (67.10) is the ratio of the 
true positives to false positives compared to the ratio of 
the true negatives to false negatives. The meta-analysis 
revealed that the serum cystatin C level is a possible 
indicator of the development of DN in people with 
T2DM and that the values rise as the condition worsens. 
This finding supports earlier research and provides 
more proof that the serum cystatin can be used as an 
early indicator in clinical settings and can distinguish 
between different levels of kidney impairment [35].

Limitations

The individuals’ varied ethnic backgrounds, the absence 
of non-diabetes renal disease controls and the inability 
to identify additional factors that could affect cystatin C 
levels and large-scale studies needed.

Conclusion

In this meta-analysis we concluded that serum cystatin 
C is a significant biomarker of DN among patients with 

T2DM. Serum cystatin C levels are significantly closer 
to accurate measurements of eGFR and are significantly 
more sensitive to detect early GFR impairment. It can 
also positively monitor kidney function progression and 
prediction of adverse outcomes among T2DM patients 
as the approach to treating diabetic nephropathy 
depends on stage of nephropathy. In day to day clinical 
practice serum cystatin C is not routinely done test as 
it is expensive and not widely available assay though 
being one of the earliest markers of DN. According to our 
meta-analysis we further suggest that serum cystatin C 
could be used in the future for grading or staging CKD 
in DN in T2DM patients because serum cystatin C levels 
rise with the stage of renal dysfunction. It may also 
be examined as a possible predictor of cardiovascular 
events in T2DM individuals with DN.
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