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Introduction

Cystatin C (Cys C), deemed as a glomerular renal 
function biomarker with unique properties to be 
an independent predictor of cardiovascular disease 
(CVD), remains a matter of investigation among 
different categories of patients [1, 2]. 

Cys C refers to the family of papain-like cysteine 
protease inhibitors with the biological function of 
inhibiting cathepsins. Cys C in humans is constantly 
secreted by all nuclear cells and is present in large 
quantities in all biological fluids. Cys C is freely 
excreted by glomerular filtration through the glo-
merular membrane and then undergoes complete 

Abstract
Background: Cystatin C (Cys C), deemed as a glomerular renal function biomarker with unique properties to be an 
independent predictor of cardiovascular disease (CVD), remains a matter of investigation among different categories 
of patients. The aim of the study is a determining the diagnostic and prognostic value of Cys C in the development 
of cardiovascular complications in patients with arterial hypertension (AH) and different comorbidities, such as type 
2 diabetes mellitus (T2DM) and obesity, as a supplement to estimated glomerular filtration rate (eGFR).
Material and methods: 111 patients with AH (men/women — 50/61) and 20 control subjects were examined. All 
patients with AH at the age of 54.37 ± 1.18. During a thorough examination and follow-up of patients, they were 
classified into 4 groups depending on the comorbidities they had: patients with AH — group 1 (22 people); patients 
with AH in combination with obesity — group 2 (30 people); AH in combination with T2DM — group 3 (31 
people); patients with AH, T2DM — group 4 (28 people). Cys C content and insulin levels in blood serum were 
measured by enzyme-linked immunosorbent assay on a Labline-90 analyzer (Austria) with commercial test systems 
manufactured by Elabscience (ELISA, China) and Monobind Inc. (ELISA, USA), according to the instructions 
included in the kits. Results:  It has been proven that an increase in Cys C levels are associated with a decrease in 
eGFR in comorbid patients with T2DM (r = –0.676; p = 0.038) and without it (r = –0.589; p = 0.016). A significant 
increase in Cys C levels and cardiovascular accidents in comorbid patients was found. 
Conclusions: Cys C is a significant marker for predicting cardiovascular risk in comorbid patients with AH.
Key words: cystatin C; cardiovascular disease; glomerular filtration rate

Arterial Hypertens. 2024, vol. 28, no. 1, pages: 1–7
DOI: 10.5603/ah.97394

https://doi.org/10.5603/ah.97394


arterial hypertension 2024, vol. 28, no. 1

2 www.ah.viamedica.pl

tubular reabsorption through proximal tubular cells 
and catabolism. Cys C concentration in the blood 
serum is inversely associated with glomerular fil-
tration rate (GFR), whereby Cys C indicates glo-
merular dysfunction even in the case of still intact 
creatinine level [3].

Cys C synthesis rate in the body is constant, 
and the excretion rate depends on renal pathology. 
The more acute the renal pathology, the worse Cys 
C is filtered in the kidneys and the higher its blood 
level. It is secreted by all nucleated cells in the body. 
When estimating the GFR (eGFR) with Cys C, 
researchers suggest considering gender, age, adipose 
tissue percentage, smoking, and alcohol consump-
tion [4].

In 2004, Cys C was officially recognized by 
the Food and Drug Administration (FDA) as a mark-
er for an alternative estimation of GFR. So far, sev-
eral studies have demonstrated a direct relationship 
between Cys C and functional and predictive indi-
cators of cardiovascular disease [5]. There is evidence 
that the Cys C level is more likely than creatinine to 
predict the mortality rate in a variety of cardiovas-
cular diseases, peripheral arterial disease, metabolic 
syndrome, and diabetes mellitus (T2DM), regardless 
of the deterioration of renal function [6, 7].

Since this problem is quite urgent, our study was 
aimed at determining the diagnostic and prognostic 
value of Cys C in the development of cardiovascular 
complications in patients with arterial hypertension 
(AH) and different comorbidities, such as T2DM 
and obesity, as a supplement to eGFR.

Material and method

These studies were carried out under the ethical 
and moral requirements of the Ukrainian Associa-
tion for Bioethics and following the GCP (1992) 
and GLP (2002) standards, the principles of the Dec-
laration of Helsinki on Human Rights, the Council 
of Europe Convention on Human Rights and Bio-
medicine, and approved by the Ethics and Bioethics 
Committee of Kharkiv National Medical University.

111 patients with AH (men/women — 50/61) 
and 20 control subjects were examined. All patients 
with AH at the age of 54.37 ± 1.18 were treated 
at the clinic of the Government Institution “L.T. 
Malaya Therapy National Institute” of the National 
Academy of Medical Sciences of Ukraine. During 
a thorough examination and follow-up of patients, 
they were classified into 4 groups depending on 
the comorbidities they had: patients with AH (group 
1) — 22 people; patients with AH in combination 

with obesity (group 2) — 30 people; AH in combi-
nation with type 2 diabetes (group 3) — 31 people; 
patients with AH, type 2 diabetes and obesity (group 
4) — 28 people. 

Body weight and height were measured in all 
patients; body mass index (BMI) was calculated 
[BMI = body weight/height2 (m2)]; systolic and dia-
stolic blood pressure was measured.

Cys C content and insulin levels in blood serum 
were measured by enzyme-linked immunosorbent 
assay on a Labline-90 analyzer (Austria) with com-
mercial test systems manufactured by Elabscience 
(ELISA, China) and Monobind Inc. (ELISA, United 
States), according to the instructions included in 
the kits.

Biochemical studies (creatinine, urea, serum lip-
id spectrum, and glycated hemoglobin level) were 
performed on a Labline-90 analyzer (Austria). Se-
rum urea levels were measured by the kinetic en-
zymatic method with urease/glutamate dehydroge-
nase using Liquick Cor-UREA 30 kits (Cormay, 
Poland) according to the manufacturer’s instruc-
tions. The serum creatinine level was measured by 
the modification of the Jaffe method without depro-
teinization using Liquick Cor-CREATININ 30 re-
agent kits (Poland) according to the manufacturer’s 
instructions. 

The following were the exclusion criteria for 
the study: Type 1 diabetes mellitus, congenital heart 
and urinary tract defects, artificial pacemakers, ar-
tificial heart valves, stage II B and III heart failure, 
acute heart attack, infectious and severe inflammato-
ry processes, and hematological diseases.

Statistical analysis was performed using Statistica 
13.0 and Medcalc 19.2.6. The hypothesis of normal 
distribution was verified with the Shapiro-Wilk test. 
Quantitative features were given as M ± m (arithme-
tic mean ± standard error of the arithmetic mean), 
as well as the confidence interval depending on 
the type of distribution (normal or non-normal). 
Values with a normal distribution were presented as 
a 95% confidence interval (95% CI), while values 
with a significantly different distribution were pre-
sented as the 25% and 75% percentiles. Groups of 
variables were compared with the Mann-Whitney 
U test. Spearman’s rank correlation coefficient was 
used to determine the relationship between the in-
dicators. Hypotheses were tested at a significance 
level of 0.05. 

To determine possible model predictors, a ROC 
analysis was performed by constructing receiver 
operating characteristic (ROC) curves, as well as 
area under curve (AUC), a numerical indicator of 
the area under the ROC curve. An area value from 



Inna Pavlivna Dunaieva  Eeeeeeeeee

3www.ah.viamedica.pl

0.9 to 1 corresponds to excellent model quality, 
0.8–0.9 is very good, 0.7–0.8 is good, 0.6–0.7 is 
average, and 0.5–0.6 is unsatisfactory.

To assess the filtration function of the kidneys, 
the GFR was estimated by blood creatinine lev-
el according to the Chronic Kidney Disease Ep-
idemiology Collaboration (CKD-EPI) formula 
(2021), as well as by Cys C level in blood accord-
ing to the formula of Hoek et al. (2003): GFR 
[mL/min/1.73 m2] = 80.35/Cystatin C [mg/mL]) 
— 4.32. 

According to the Kidney Disease: Improving Glob-
al (KDIGO) and the Association of Nephrologists of 
Ukraine, GFR < 60 mL/min/1.73 m2 indicates a de-
crease and, accordingly, GFR from 89 mL/min/1.73 m2 
to 60 mL/min/1.73 m2 indicates a slight decrease in 
the filtration capacity of the kidneys.

Results

Differences in the Cys C level in the examined 
patients with AH and various comorbidities were 
evaluated compared with those in the control group 
(Tab. 1).

The obtained data reveal a significant increase in 
Cys C in all examined patients compared to healthy 
subjects (p < 0.05).

The examined patients were redistributed into 
2 groups depending on the presence or absence of 
diabetes mellitus to compare Cys C with creatinine 
levels in such patients (Tab. 2).

During the examination, a correlation between 
creatinine level and Cys C (r = 0.77; p < 0.01) was 
found, and it was found to be significant at normal 
creatinine values.

We compared the eGFR measured by creatinine 
and Cys C concentrations in comorbid patients with 
T2DM (Tab. 3).

The criterion for renal dysfunction was an eGFR 
level below 90 mL/min/1.73  m2, standardized by 
body surface area.

A mathematical model of the relationship be-
tween Cys C and eGFR was developed (Fig. 1).

The data obtained show that a significant decrease 
in GFR was observed at high levels of Cys C com-
pared with the control group (p < 0.01).

In patients with primary damage to renal tubular 
cells, Cys C was significantly higher compared with 
the control group.

Table 1. Assessing the differences between groups when distributed by the cystatin C (Cys C) level

Group AH AH + obesity AH + T2DM AH + obesity + T2DM Control group

X ± SX 135.62 ± 22.10 141.65 ± 20.93 136.31 ± 24.62 121.55 ± 22.14 83.51 ± 12.32

95% CI [125.82; 145.42] [134.16; 149.14] [127.64; 144.98] [113.76; 129.34] [78.73; 88.29]

p < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

AH — arterial hypertension; T2DM — type 2 diabetes mellitus; CI — confidence interval

Table 2. Cystatin C (Cys C) and creatinine levels in the examined patients

Examined group Creatinine [μmol/l] Cys C [ng/ml] r p

Group of patients without T2DM (n = 51) 93.34 138.90 0.77 < 0.01

Group of patients with T2DM (n = 60) 94.45 129.63 0.67 < 0.01

Control group (n = 20) 76.50 83.51 0.93 < 0.05

T2DM — type 2 diabetes mellitus

Table 3. Glomerular filtration rate (GFR) estimated by creatinine and cystatine C (Cys C) concentration in the group of patients with type 2 
diabetes mellitus (T2DM) (ml/min/1.73 m2)

Value
GFR

By creatinine By Cys C

Me 64.30 57.66*

Q25–Q75 [62.17; 66.43] [57.11; 58.21]

*Significance of the relationship p < 0.05
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During this examination, we performed ROC 
analysis of Cys C with the development of cardiovas-
cular accidents separately for all groups of patients 
(Fig 2–5).

This ROC analysis revealed a valid model for 
comparing the likelihood of cardiovascular accidents 
and an increase in the Cys C level in the groups 
of patients with AH + obesity and AH + T2DM 
(AH + obesity: AUC = 0.833, 95% CI: 0.810–0.860; 
AH + T2DM: AUC = 0.750, 95% CI: 0.671–0.8344). 

This suggests that increased Cys C levels in patients 
with AH + obesity and AH + T2DM may be associ-
ated with more severe endothelial damage and vas-
cular wall inflammation, resulting in stimulation of 
lysosomal cathepsins with a subsequent increase in 
Cys C in blood plasma.

We also developed mathematical models of Spear-
man’s rank correlation coefficients between GFR 
and Cys C levels in the group of patients without 
T2DM (r = –0.589; p = 0.016) (Fig. 6) and with 
T2DM (r = –0.676; p = 0.038) (Fig. 7).

Figure 2. Receiver operating characteristic (ROC) curve of 
the relationship between cystatin C (Cys C) and the development 
of cardiovascular accidents in patients with arterial hypertension 
(AH). AUC — area under the curve
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Figure 4. Receiver operating characteristic (ROC)  curve of 
the relationship between cystatin C (Cys C) and the development of 
cardiovascular accidents in patients with arterial hypertension (AH) 
and type 2 diabetes mellitus (T2DM). AUC — area under the curve
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Figure 3. Receiver operating characteristic (ROC) curve of 
the relationship between cystatin C (Cys C) and the development 
of cardiovascular accidents in patients with arterial hypertension 
(AH) and obesity. AUC — area under the curve
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Figure 1. A mathematical model of the relationship between 
cystatin C (Cys C) and estimated glomerular filtration rate (eGFR)
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An increase in the Cys C level was found to be as-
sociated with a decrease in GFR. A negative correla-
tion was found with GFR (group of patients without 
T2DM r = –0.589; p = 0.016; group of patients with 
T2DM r = –0.676; p = 0.038).

Discussions

This study examined the correlation between 
Cys C and the early development of cardiovascular 

accidents in patients with AH and concomitant 
comorbidities: T2DM and obesity. Since Cys C is 
a cysteine protease inhibitor, it is constantly secret-
ed by all nucleated cells, including adipose tissue 
cells, is completely filtered, and is not secreted by 
the proximal tubules [7]. On the one hand, an in-
crease in Cys C levels in adipose tissue is protective 
in nature by blocking cathepsin proteinases. On 
the other hand, it reduces the proliferation of adi-
pose tissue in the same way as in atherosclerosis by 
inhibiting cysteine proteinases and prevents the de-
velopment of atherosclerotic lesions in the vascular 
wall in patients with AH, T2DM, and obesity [8, 
9]. Moreover, an increase in the Cys C concentra-
tion in the blood serum is followed by a decrease 
in its concentration in the arterial wall, which may 
raise the risk of adverse cardiovascular accidents. 
Scientists from Japan have confirmed the role of 
Cys C as an indicator of adverse cardiovascular 
outcomes [10]. 

A systematic review of current data on Cys C has 
shown that adverse outcomes and risk stratification 
across the entire range of cardiovascular diseases are 
associated with high Cys C levels in plasma [7]. 
There is evidence that elevated Cys C concentrations 
are associated with CVD risk and the causal role of 
Cys C in the etiology of CVD has been confirmed 
[5, 11, 12].

Therefore, our study shows the latest evidence of 
the role of Cys C in the development of cardiovas-
cular complications in comorbid patients with AH 
and agrees with other studies on the use of Cys C for 
cardiovascular risk stratification.

Figure 5. Receiver operating characteristic (ROC) curve of 
the relationship between cystatin C (Cys C) and the development 
of cardiovascular accidents in patients with arterial hypertension 
(AH), obesity, and type 2 diabetes mellitus (T2DM). AUC — area 
under the curve
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Figure 6. Mathematical model of Spearman’s rank correlation coefficients between glomerular filtration rate (GFR) and cystatin C (Cys C) 
levels in the group of patients without type 2 diabetes mellitus (T2DM) (r = –0.589; p = 0.016)
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Conclusions 

It has been proven that an increase in Cys C 
levels is associated with a decrease in glomerular 
filtration rate in comorbid patients with type 2 dia-
betes mellitus (r = –0.676; p = 0.038) and without it 
(r = –0.589; p = 0.016).

A significant increase in Cys C levels and cardio-
vascular accidents in comorbid patients was found.

Cys C is a significant marker for predicting cardio-
vascular risk in comorbid patients with hypertension.
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