
Background
Chronic kidney disease (CKD) is one of the major public 
health concerns in recent years due to its adverse clinical 
outcomes which include cardiovascular disease (CVD), 
end-stage renal disease (ESRD), and mortality (1,2). CKD 
is most commonly attributed to diabetes mellitus (DM) 
and hypertension (HTN) (1).

Most patients with CKD are asymptomatic. They 
are identified during routine blood or urine tests, less 
frequently as an incidental finding (1). Clinical features 
of the disease become apparent only during later stages of 
CKD during which the patients may require hemodialysis 
or renal replacement therapy (3). Early detection of CKD is 
hence essential to prevent disease progression and initiate 
treatment protocols.

CKD is defined as the presence of abnormalities in the 
structure or function of the kidneys persisting for more than 
3 months. Once diagnosed, it is important to determine 
the stage of CKD based on the GFR and urine albumin 
creatinine ratio (ACR) to predict the prognosis  1,4).  

At present, most of the clinicians and clinical laboratories 
report eGFR based on SCr levels using GFR estimating 
equations such as Chronic Kidney Disease Epidemiology 
Collaboration (CKD EPI) and Modification of Diet in 
Renal Disease (MDRD) equations. This has eliminated the 
need for performing direct measurement of GFR which is 
considered expensive and laborious (1).

Estimation of GFR based on SCr alone is not ideal. 
SCr level is influenced by various factors such as muscle 
mass, variations in filtration based on age, renal tubular 
secretion, drug intake, analytical factors, and extrarenal 
clearance (5). In order to overcome these limitations, 
extensive research has been carried out over years to find 
an alternate biomarker.  

Among the several novel biomarkers discovered for 
the detection of impaired renal function, serum cystatin 
C (SCysC) has gained more importance. Human cystatin 
C  (CysC) is a low molecular weight cysteine protease 
inhibitor produced by all nucleated cells. It is filtered 
freely in the glomerulus, gets reabsorbed in the proximal 
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Abstract
Background: Chronic kidney disease (CKD) is a major public health concern in recent years mainly 
due to its adverse clinical outcomes. It is most commonly attributed to diabetes mellitus (DM) and 
hypertension (HTN). Among the several novel biomarkers discovered to detect impaired renal function, 
serum cystatin C (SCysC) has gained importance. 
Objectives: The aim of the study was to compare SCysC and serum creatinine (SCr) in CKD subjects and 
apparently healthy controls.
Methods: This case-control study comprising of 120 diagnosed cases of CKD and 40 controls was 
conducted at a tertiary care hospital. SCr and SCysC levels were estimated using modified Jaffe’s method 
and particle enhanced immunoturbidimetric method, respectively. Estimated glomerular filtration rate 
(eGFR) was calculated using CKD EPI formula. Comparison of SCr and SCysC between cases and controls 
was done using Mann Whitney U test. Pearson’s correlation test was used to study the correlation between 
variables. Statistical significance was considered at P < 0.05.
Results: Both SCr and SCysC levels were higher in cases compared to controls (P < 0.001). In the group 
comprising of Stage 1 and Stage 2 CKD subjects, all the subjects showed normal SCr levels, while 
96.8% of the subjects showed elevated SCysC levels. SCysC (r = -0.800) showed better correlation than 
SCr (r = -0.724) with eGFR (P < 0.001). A strong correlation was found between SCysC and SCr levels 
(r = -0.887, P < 0.001).
Conclusion: SCysC is a good indicator of renal dysfunction and may be used to screen patients with long 
duration of DM or HTN for CKD.  
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tubules and does not get excreted in the renal tubules as 
it is completely degraded (6). SCysC is considered to be 
better than SCr in the estimation of renal function as it is 
not influenced by age, gender, nutritional status, and body 
size (7). Unlike SCr, SCysC is more useful in diagnosing 
a mild decrease in GFR, i.e., 60-80 mL/min/1.732 m2 (8). 
Therefore, SCysC has been proposed to be a promising 
marker that can be utilized for the early diagnosis of 
nephropathy.

This study was undertaken to compare the levels of 
SCysC and SCr in CKD patients and apparently healthy 
controls.

Materials and Methods
This study was carried out at a tertiary care hospital. 
Subjects aged between 35-70 years, including both 
genders, diagnosed with CKD by the Nephrologist as per 
the Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines (9) were selected as cases. Subjects with a 
history of liver disease, thyroid dysfunction, malignancy, 
and muscular dystrophies as well as pregnant women 
were excluded from the study. Age and gender-matched 
apparently healthy volunteers were selected as controls. 
Elicitation of the relevant history, clinical examination, 
and anthropometric measurements were carried out 
in all subjects. Fasting venous blood specimens were 
collected from the subjects in plain vacutainers from the 
antecubital vein. The sera were obtained by subjecting the 
venous blood samples to centrifugation at 3000 rpm for 
10 minutes. Aliquots of sera were stored at -20°C until 
assayed. SCysC and SCr were estimated using the particle-
enhanced immunoturbidimetric method and modified 
Jaffe’s method, respectively. Biochemical analyses were 
done using Roche cobas c311 automated analyzer. In this 
study, 0.7-1.4 mg/dL and 0.47-1.09 mg/L were regarded as 
normal reference levels for SCr and SCysC, respectively, 
according to the reagent kit instructions. The eGFR was 
calculated using CKD EPI 2009 equation (10) based on 
SCr levels as follows:
eGFR = 141 x min (SCr/κ, 1)α x max (SCr /κ, 1)-1.209 x 
0.993Age x 1.018 [if female] x 1.159 [if Black]
Where, eGFR = mL/min/1.73 m2, SCr (serum 
creatinine) = mg/dL, κ = 0.7 (females) or 0.9 (males), 
α = -0.329 (females) or -0.411 (males), min = minimum of 
SCr/κ or 1, max = maximum of SCr/κ or 1, age is in years
Statistical analysis was done using SPSS version 20.0. The 
normality of the data was tested using Kolmogorov Smirnov 
test. Qualitative data were represented as frequency and 
percentage. As SCysC, SCr, and eGFR followed skewed 
distribution, the values were represented as median and 
interquartile range. Comparison between descriptive 
data was done using Mann-Whitney U test. Pearson’s 
correlation test was used to study the correlation between 
the variables. Statistical significance was considered at 
P < 0.05.

Results 
The total number of participants in the study was 160 
subjects including 120 cases and 40 controls. The results 
of the biochemical analysis of the study subjects are 
depicted in Table 1. Of the 120 CKD cases, 26.7% (n = 32) 
underwent dialysis. 

The CKD cases were further classified into stages based 
on eGFR as per the KDOQI guidelines (9). As the number 
of CKD cases belonging to Stages 1 and 2 was less, the two 
stages were grouped together. The biochemical parameters 
were compared as shown in Table 2.

Further evaluations were performed on CKD cases to 
study the distribution of elevated biochemical parameters 
(Figure 1). In this study, 1.4 mg/dL and 1.09 mg/L were 
regarded as upper limits of reference intervals for SCr and 
SCysC, respectively, based on the reagent kit instructions. 
It is interesting to note that in the group comprising 
of subjects with Stages 1 and 2 CKD (eGFR ≥ 60 mL/
min/1.732 m2), the SCr levels were within the normal 
reference range in all, while SCysC was elevated in 96.8% 
(n = 30) of them. Among stage 3 patients (eGFR 30-59 
mL/min/1.732 m2), SCr and SCysC levels were elevated in 
79.3% (n = 23) and 100% (n = 29) of the cases, respectively. 
Among stages 4 and 5 patients (eGFR < 30 mL/min/1.732 
m2), both SCr and SCysC levels were elevated in all cases. 
Both SCr (r = -0.724, P < 0.001) and serum CysC 
(r = -0.800, P < 0.001) showed a negative correlation with 
eGFR (Figures 2 and 3). Serum CysC correlated positively 
with SCr (r = 0.887, P < 0.001), which was statistically 
significant (Figure 4).

Discussion 
CysC is a low molecular weight protein belonging to the 
human cystatin family, comprising of twelve proteins 
(11,12). CysC was first suggested as an endogenous marker 
of GFR in 1985 by Simonsen et al (13).

CysC is present in almost all body fluids and tissues 
which include the brain, liver, kidney, placenta, and 
seminal vesicles (14). CysC is cleared from the circulation 
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CKD Cases.
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through the kidneys. Due to its low molecular weight as 
well as high isoelectric point, it is freely filtered by the 
glomerulus, reabsorbed, and subsequently catabolized in 
the proximal renal tubules (15,16). Its half-life is about 1.5 
hours (17).

The current study was carried out to demonstrate the 
usefulness of estimating serum CysC in CKD patients.

The present study showed that SCysC and SCr levels 
were significantly higher in CKD subjects compared to 
controls (P < 0.001). These findings were similar to those of 
the previous studies done by Bhoi et al (18) and Dhupper 
et al (19), demonstrating high levels of SCysC and SCr in 
progressive chronic renal disease compared to controls. 

The levels of SCysC and SCr were compared between 
controls and patients with various stages of CKD. There 
was a significant increase in both parameters across the 

groups comprising of controls and CKD stages. Dhupper 
et al also reported a stagewise increase in both SCysC and 
SCr between controls and patients with stages 3-5 CKD 
(19). It is interesting to note that in the group comprised 
of Stage 1 and Stage 2 CKD patients, a reduction in the 
number of functional nephrons was observed which 
resulted in a decrease in GFR that is considered the 
hallmark of CKD. Creatinine clearance is a reflection of 
the glomerular filtration rate (20). A decrease in SCr level 
with a declining GFR has been well documented in CKD 
patients. CysC, having characteristics of an ideal filtration 
marker, follows a similar trend to GFR (21). Hence, SCysC 
decreases with a reduction in GFR.

Correlation studies revealed that eGFR correlated 
better with SCysC (r = -0.800, P < 0.001) compared to 
SCr (r = -0.724, P < 0.001). Similar findings were seen in a 
previous study where SCysC was found to have a better 
correlation with eGFR (r = -0.877, P < 0.001), calculated 
using MDRD formula, than SCr (r = -0.777, P < 0.001) (19).

There was also a strong positive correlation between the 
SCr and SCysC levels which was statistically significant 
in this study (r = 0.887, P < 0.001), similar to findings of 
studies conducted by Tsai et al (22) and Dhupper et al (19).

The limitations of SCr as a marker of renal function 
are well known. There is a need to establish an alternative 
marker since renal assessment based on SCr alone is not 
adequate.

CysC was proposed as an alternative biomarker for GFR 
estimation several years ago. SCysC has been documented 
to be more reliable than SCr. Despite this, SCysC is still 
not implemented as a routine test in clinical practice (23).

In 2018, a survey was conducted on 369 participants 
comprising of leading nephrologists and intensivists. 
About 25% of the study participants believed that SCr, 
as a routine laboratory test, should be replaced with a 
new biomarker and only 15% used CysC in their clinical 
practice (24).

The incorporation of CysC in GFR estimating equations 
has proved to be beneficial especially in children, older 
adults, and persons with acute illness since SCr estimation 
can be highly unpredictable with extremes of age and 
illness (23). In general, SCysC based eGFR equations have 

Table 1. Comparison of Biochemical Parameters and eGFR Between Cases 
and Controls

Parameters CKD Cases (n = 120) Controls (n = 40)

Serum creatinine 
(in mg/dL)

2.26** (1.21–4.10) 0.80 (0.71–0.96)

Serum cystatin C 
(mg/L)

2.34** (1.65–3.45) 0.96 (0.83–1.04)

Estimated GFR 
(mL/min/1.732 m2)

28.50** (14.50–61.50) 94.50 (84.25–109.75)

Serum creatinine-
eGFR ratio

0.0845** (0.0209-0.2849) 0.0085 (0.0067-0.0086)

Serum cystatin 
C-eGFR ratio

0.0872** (0.0306–0.2110) 0.0098 (0.0086–0.0118)

** P < 0.001

Figure 2. Correlation of Serum Creatinine With eGFR Among the 
Study Subjects.

Figure 3. Correlation of Serum Cystatin C With eGFR Among the 
Study Subjects.a
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better accuracy than SCr-based equations (7).
CysC is also reported to have an independent association 
with CVD, ESRD, and mortality (7). The use of CKD-EPI 
cystatin C equation to calculate eGFR improves the risk 
classification for associated morbidities and mortalities 
among CKD patients (25).

Conclusion
The current study established that SCysC is increased 
considerably in CKD patients. Stagewise increase in 
SCysC was observed which was comparable with SCr. 
Estimation of SCysC especially in CKD patients with mild 
to moderate reduction in GFR is useful since SCr may 
appear normal. The limitations of the study were the small 
sample size and the inability to quantify albuminuria due 
to certain constraints.
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