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Elevation of Serum Cystatin C Levels
as a Predictor of Cardiovascular Risk
in Type 2 Diabetes Mellitus Patients:

A Case-control Study
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ABSTRACT

Introduction: Patients with type 2 Diabetes Mellitus (DM) exhibit
atherogenic lipid profile, increasing the risk for atherosclerosis,
compared to people without diabetes. Cystatin C, a naturally
occurring protease inhibitor has a key role in pathogenesis of
atherosclerosis in type 2 DM patients by inhibiting the elastolytic
activity of arterial extracellular matrix by cysteine protease
cathepsins. Increased concentration of cystatin C in serum
reflects a counterbalance of the damaging elastolytic activity
which is involved in the pathogenesis of atherosclerosis in type
2 DM patients.

Aim: To determine the serum levels of cystatin C and lipid profile
in type 2 DM patients with good and poor glycaemic control
and to find out the correlation between serum cystatin C with
HbA1c levels and cardiovascular risk markers (non-High-Density
Lipoprotein Cholesterol (HDLc), Total Cholesterol (TC)/HDLc,
Low-Density Liporotein (LDLc)/HDLc).

Materials and Methods: The present case-control study included
60 diabetic patients of 35-75 years of age including both the
genders. They were divided into Group A (n=30) with HbA1c
<6.5% and Group B (n=30) with HbA1c >6.5%. Blood samples
were collected in fasting state and analysed for Fasting Blood
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Sugar (FBS), TC, HDLc, LDLc. FBS was analysed by Hexokinase
method, HbA1c by turbidimetric inhibition immunoassay and
cystatin C by Immunoturbidimetric method. Other parameters
like Non-HDLc and cardiovascular risk ratios TC/HDLc and
LDLc/HDLc were calculated. Statistical analysis was done by
student’s t-test and statistical significance was established at
p-value <0.0001. Pearson’s correlation coefficient was used to
examine various parameters.

Results: In the present study, it was found that diabetic patients
with HbA1c >6.5% showed increased levels of serum cystatin C
(1.20+0.73 mg/L), TC (182+46.48 mg/dL), LDLc (137+13.86 mg/
dL) and low levels of HDLc (34.7+12.43 mg/dL) compared to
diabetic patients with HbA1c <6.5%. Increase in serum cystatin
C levels correlated well with the increased levels of HbA1c
(r=0.92), non-HDLc (r=0.87) and cardiovascular risk ratios like
TC/HDLc (r=0.95) and LDLc/HDLc (r=0.97).

Conclusion: The elevated serum levels of cystatin C levels
correlated well with increased HbA1c and lipid profile indicating
the dyslipidemia and proatherogenic status in type 2 diabetic
patients with poor glycaemic control. Thus, cystatin C can be
considered as the predictive marker for cardiovascular disease
in type 2 diabetic patients.
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INTRODUCTION

Hyperglycaemia in diabetic individuals induces a large number of
alterations at cellular levels of vascular system [1]. Studies have
reported that long term hyperglycaemia also results in dyslipidemia in
diabetic patients [2-4]. Diabetic people associated with dyslipidemia
are at increased risk for cardiovascular disease [5,6].

Studies have reported that high cystatin C concentration is
directly related to inflammation and atherosclerosis [7-9]. Cystatin
C is a nonglycosylated 13kDa basic protein belonging to the
cystatin  superfamily of cytokine protease inhibitors [10,11].
Cysteine protease-cathepsins are a group of proteolytic enzymes
which includes cathepsins like B, H, S, L and C that are involved
in pathological mechanisms like inflammation, tumour invasion,
breakdown of collagen and bone resorption [5,7]. Cystatin C is
a naturally occurring protease inhibitor [12]. Cathepsin S has
elastolytic and collagenolytic properties and plays a role in
extracellular matrix remodeling by the degradation of matrix
proteins. Mechanism of atherosclerosis is the local imbalance
between elastolytic activity of cathepsins and their inhibitor
cystatin C promotes neovascularisation leading to micro vessel
formation and recruitment of inflammatory cells with accumulation
of plasma lipids, thus it has a clear effect on cardiovascular
system [7,8,11].

Increased serum cystatin C may be a part of regulatory mechanisms
engaged to control the proatherogenic capacity of specific cathepsins
such as cathepsin S. Studies have reported that patients with higher
circulating cystatin C concentration have an increased cardiovascular
risk profile [7,12,13]. Cystatin C levels are prognostic markers that can
be useful as risk assessment tool in cardiovascular diseases [14-16].
The impact of increased levels of cystatin C has a profound impact
on the risk of fatal cardiovascular disease [17-20]. Since, cystatin C
correlated well with cardiovascular risk factors in patients with poor
glycaemic control, this study was undertaken to verify and confirm
the available data and to substantiate that cystatin C is a biomarker
of cardiovascular risk in patients of type 2 DM.

MATERIALS AND METHODS

A case-control study was carried out on 60 diabetic subjects,
from outpatient and inpatient wards, Department of Medicine
of Kempegowda Institute of Medical Sciences and Hospital,
Bengaluru, Karnataka, India. The study subjects were divided into
cases and controls of 30 each and informed consent was obtained
from the patients. The Ethical clearance was obtained from the
Institutional Ethical committee (Ref No.: KIMS/IEC/A31-2016). The
study period was from October 2016-January 2017.

Inclusion criteria: Type 2 DM established according to the criteria of
American Diabetes Association, patients of age group 35-75 years
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with duration of history of DM between 1-5 years and on treatment
with oral hypoglycaemic drugs/insulin/both were recruited [21].
Exclusion criteria: Patients with type 1 DM, cardiac diseases, renal
diseases and patients on hypolipidemic drugs were excluded from
the study.

The study population was grouped into:

Group A as controls which included 30 Type 2 DM patients with
HbA1c <6.5% (good glycaemic control).

Group B as cases which included 30 Type 2 DM patients with
HbA1c >6.5% (poor glycaemic control).

Laboratory Analysis

Under aseptic precautions, 5 mL of blood sample was drawn after
10 hours of overnight fasting. This was followed by centrifugation
and then the sample was processed immediately.

The serum samples were analysed in Cobas 6000 autoanalyser for
FBS by Hexokinase method. Serum cystatin C by immunoturbidimetric
method and lipid profile by enzymatic colorimetric method. The third
Adult Treatment Panel lll (ATP Ill) of the National Cholesterol Education
Program (NCEP) guidelines was referred [22]. According to NCEP, TC
>200 mg/dL, LDL >130 mg/dL and HDL <40 mg/dL is considered
as risk for Cardiovascular Heart Disease (CHD). Dyslipidemia was
defined if there is presence of one or more than one abnormal serum
lipid concentration. HbA1c was measured by turbidimetric inhibition
immunoassay in whole blood. HbA1c was expressed as percentage
(%) according to National Glycohaemoglobin Standardisation Program
(NGSP). Values of all the other parameters were given in mg/dL.
Non-HDLc and cardiovascular risk ratios TC/HDLc and LDLc/HDLc
were calculated.

STATISTICAL ANALYSIS

Statistical analysis was done by student’s t-test and results were
expressed as mean+standard deviation (SD). The data was evaluated
by GraphPad software version Prism 7.0. Statistical significance was
established at p-value <0.0001. Pearson'’s correlation coefficient was
used to examine various parameters. The results were considered
statistically not significant when p-value was >0.05. Graphical data
was presented in scatter plot.

RESULTS

The mean age of the group A was (53.43+12.21) years and group
B was (49.23+7.98) years. The demographic parameters did not
show statistically significant results as shown in [Table/Fig-1].

Variables Group A (n=30) Group B (n=30) p-value
Gender (M/F) 9/21 1317 | -
Age (years) 53.43+12.21 49.23+7.98 0.12

[Table/Fig-1]: Demographic parameters of the study subjects.

In [Table/Fig-2], Group B patients showed statistically highly
significant values for serum cystatin C levels, HbA1c, non HDLc,
TC/HDLc and LDLc/HDLc with p value <0.0001. Among the
circulating lipids, LDLc and non-HDLc were significantly higher in
group B patients compared to group A patients.

The [Table/Fig-3] showed positive Pearson’s correlation coefficient
between serum cystatin C levels with study parameters like HbA1c
with r-value 0.92, Non-HDLc with r-value 0.87 and cardiovascular
risk ratios like TC/HDLc with r-value 0.95 and LDLc/HDLc with
r-value 0.97 and results were considered significant when p-value
<0.0001.

The [Table/Fig-4-7] showed the scatter plots drawn for the parameters
HbA1c, Non HDLc, TC/HDLc and LDLc/HDLc showing significant
positive correlation with serum cystatin C.
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Group A Group B

Parameters (Mean+SD) | (Mean+SD) | t-value | p-value
FBS (mg/dL) 91+15.15 191+60.27 | 8.81 | <0.0001
HbA1c (%) 5.23+0.84 10.19£2.13 | 11.86 | <0.0001
Total cholesterol (mg/dL) 160+44.03 182+46.48 1.88 0.064

HDL cholesterol (mg/dL) 56.66+9.1 34.7+12.43 7.80 | <0.0001
LDL cholesterol (mg/dL) 102.9+39.10 | 137+13.86 4.50 | <0.0001
Non-HDL cholesterol (mg/dL) 125+35 175.9+33.6 5.74 | <0.0001
TC/HDLc 2.9+0.96 5.95+2.33 6.62 <0.0001
LDLc/HDLe 1.88+2.02 4.39+2.57 4.20 | <0.0001
Cystatin C (mg/L) 0.55+0.26 1.20+0.73 4.59 <0.0001

[Table/Fig-2]: Mean and Standard deviation of study parameters in Group A and

Group B.
p-value <0.0001 was considered statistically significant

Parameters p-value r-value
Serum cystatin C with HbA1c <0.0001 0.92
Serum cystatin C with Non-HDLc <0.0001 0.87
Serum cystatin C with TC/HDLc <0.0001 0.95
Serum cystatin C with LDLc/HDLc <0.0001 0.97

[Table/Fig-3]: Pearson’s correlation coefficient of serum cystatin C levels with study
parameters.
p-value <0.0001 was considered statistically significant

[Table/Fig-4]: Graph showing pearson’s correlation between serum cystatin C and
HbA1c of the subjects.
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DISCUSSION

In the present study, serum cystatin C was found to be increased
in type 2 DM with poor glycaemic status and it correlated well with
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the increased levels of HbA1c (r=0.92), suggesting that elevated
cystatin C concentration is directly related to the increased elastolytic
activity of cysteine proteases and progression in the pathogenesis
of atherosclerosis which is in accordance with the study done by
Senghor A et al., [5].

Mahato RV et al., also showed that diabetic patients with poor
glycaemic control exhibited significant increase in TC, LDLc,
Non-HDLc and risk ratios when compared with patients of good
glycaemic control [6]. In the present study, it was showed that
the severity of cardiovascular risk associated with dyslipidemia
increases with elevated HbA1c levels, which is in accordance
with few other studies too [23-26]. Non-HDLc was significantly
correlated with cystatin C levels (r=0.87). Lu W et al., also showed
that non-HDLc as a strong predictor of cardiovascular disease
in diabetic patients [27]. Since, non-HDLc can be measured in a
non-fasting state, it has great value in determining dyslipidemia in
diabetic patients. According to NCEP Adult Treatment Panel IIl,
Non-HDLc is recommended to assess the cardiovascular risk in
diabetic patients [22,27].

The risk ratios like TC/HDLc and LDLc/HDLc showed good positive
correlation with cystatin C in the present study, which was in
accordance to studies done by Triki S et al., Angelidis C et al., and
Mohamed WM et al., [28-30]. Gimeno-Orna JA et al., showed TC/
HDLc ratio as predictor of cardiovascular events and concluded
that TC/HDLc ratio can be used as a treatment guide for diabetic
dyslipidemia [2]. Khan HA et al., have found that LDLc/HDLc has
strong relation with the cardiovascular disease [23].

Hence, based on the results derived from the present study, it
can be concluded that an increase in serum cystatin C will help in
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the assessment of proatherogenic status in diabetic patients with
poor glycaemic control. Thus, cystatin C can be considered as the
predictor for cardiovascular risk in type 2 diabetic patients.

Limitation(s)

Due to time constraints a convenient sample size of 60 was
selected for the study. It was found that, the lipid parameters
were also significantly elevated along with the cystatin C levels in
diabetic patients with poor glycaemic control. So, further studies
are needed with large sample size to evaluate the role of cystatin C
in development of atherosclerosis.

CONCLUSION(S)

In the study, higher serum cystatin C levels correlated well with
increased HbA1c and lipid profile indicating the dyslipidemia and
proatherogenic status in type 2 DM patients. Hence, cystatin C
behaves as a predictor of cardiovascular risk in type 2 DM patients
helping physicians to take appropriate measures to prevent the
occurrence of cardiovascular disease in diabetic patients. Further
studies on a larger sample size are required for the detailed
evaluation of possible role of serum cystatin C levels as predictor of
cardiovascular risk in type 2 DM patients.
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