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Abstract

Introduction: Glomerular filtration rate (GFR) is calculated to estimate renal
function. Classically, the formulae used to calculate it include creatinine, which
is a marker influenced physiologically by age, sex, muscle mass and race. Given
these difficulties, cystatin C (cystC), a protein that is freely filtered by the
glomerulus, has emerged as a promising biomarker of renal function. The
main objective of this study was to investigate the contribution of cystatin C
to GFR estimation in patients with end-stage renal disease (ESRD) undergoing
hemodialysis at the SS-TH of Bobo-Dioulasso in Burkina Faso. Material and
Methods: This was a prospective study of CKD hemodialysis patients recruited
at the SS-TH from 1 January 2022 to 28 February 2022. Socio-demographic
data were obtained after review of the medical records of hemodialysis patients
with ESRD. All biochemical parameters were measured on the COBAS® 6000
automated system. Colorimetric methods were used to measure urea, creat-
inine and albumin. CRP, alpha-1-glycoprotein acid and transthyretin were de-
termined by the immunoturbidimetric method. The GFRs were calculated us-
ing the calculator on the website of the Société Francophone de Néphrologie,
Dialyse et Transplantation. Discussion: A total of 39 hemodialysis patients
with CKD were included in the study. The mean age was 43.87 + 11.75 years.
There was a male predominance with a sex ratio (M/F) of 1.56. Mean serum
cystC was 7.38 £ 1.66 g/L. A positive and significant correlation was observed
between cystC and markers such as albuminemia (r = 0.574, p = 0.0001) and
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transthyretinemia (r = 0.572, p = 0.0001). The CKD-EPI-Creat-CystC for-
mula was more accurate in identifying 100% of patients in stage 5 (GFR < 15
ml/min/1.73m?), unlike the other formulas (Cockcroft and Gault, MDRD,
CKD-EPI-Creat, CKD-EPI-CystC). The mean GFR values of the CKD-EPI-
Creat and CKD-EPI-Creat-CystC formulae were significantly higher in male
patients. Hypertensive patients had mean GEFR values obtained by the CKD-
EPI-Creat-CystC formula that were significantly higher than those of patients
without hypertension (5.72 + 2.30 mL/min/1.73m?* vs 4.16 + 0.75 mL/min/1.73m?,
p-value = 0.004). Conclusion: Estimation of GFR using the CKD-EPI-Creat-
CystC formula would contribute to accurate diagnosis of the clinical stage of
chronic kidney disease and could predict cardiovascular risk in CKD patients
undergoing hemodialysis.

Keywords

Cystatin C, Creatinine, Glomerular Filtration Rate, End-Stage Renal Disease,
Burkina Faso

1. Introduction

Chronic kidney disease (CKD) is a major global public health problem [1] and
mortality is increasing [2]. A study carried out in Burkina Faso in the town of
Bobo-Dioulasso showed that acute renal failure resulted in a mortality rate of
10.1% [3]. Severe chronic renal failure resulted in a mortality rate of 47.7% during
hospitalisation at the Souro Sanou University Hospital (CHUSS) [4]. In view of
this high prevalence, early and accurate identification of the clinical stage by esti-
mating glomerular filtration rate (GFR) is a prerequisite for better management
of patients with kidney failure. Traditional methods use formulas for estimating
GFR that include creatinine, which is a marker physiologically influenced by age,
sex, muscle mass and race. In the face of these difficulties, cystatin C, a protein
freely filtered by the glomerulus, has emerged as a promising biomarker of renal
function.

Cystatin C is a small protein consisting of 120 residues forming a single pol-
ypeptide chain [5]. It belongs to the family of type 2 cysteine proteinase inhibitors
[5]. Cysteine proteinases irreversibly hydrolyse a peptide bond in an amino acid
sequence and play an important role in cell regulation, cell proliferation and adhe-
sion, apoptosis, lipid metabolism and immune response [5]. It is widely distributed
and found in most body fluids, including plasma [6]. Its interest in assessing renal
function stems from its physical and chemical properties as an endogenous marker.
In addition, due to its constant production, it is relatively freely filtered by glomer-
uli, is reabsorbed and catabolised by proximal renal tubular cells and is not affected
by muscle mass [7], unlike creatinine [8]. Despite its great value in diagnosing kid-
ney damage, some authors have shown that laboratory tests for cystatin C cost around

10 times more than creatinine, which limits its use in routine practice [7]. Further-
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more, cystatin C could also have other advantages in a resource-limited setting
through the prediction of coronary artery disease independently of its role in es-
timating renal function [9]-[11]. In Burkina Faso, there are few studies on cystatin
C in GFR estimation [12]. With this in mind, we conducted the present study to
assess the contribution of cystatin C to GFR estimation in patients with end-stage
chronic kidney disease undergoing haemodialysis at the Bobo-Dioulasso CHUSS

in Burkina Faso.

2. Patients and Methods
2.1. Type and Study Site

This was a cross-sectional analytical study, with data collection taking place over
a two-month period from 1 January 2022 to 28 February 2022. The study popula-
tion consisted of end-stage CKD patients followed in the nephrology-dialysis de-
partment and who had undergone their biological work-up in the laboratory de-
partment of the Souro Sanou Teaching Hospital (SS-TH) in Bobo-Dioulasso, Burkina
Faso. The study included end-stage CKD patients with stage 5 hemodialysis who
were aged over 18 years. Our sampling was exhaustive, taking into account those

who agreed to participate in the study and also the availability of our reagents.

2.2. Data Analysis and Processing

Blood samples were taken at the time of their dialysis session. The blood sample
was immediately transported to the laboratory and centrifuged at 3500 rpm for 5
minutes for analysis. Biochemical marker assays were performed after calibration
and internal quality control in accordance with the biochemistry laboratory’s in-
ternal procedures.

Colorimetric methods were used on the Roche systems Cobas® 6000 multipa-
rameter system (Roche/Hitachi) to measure urea (urease/Glutamate dehydrogen-
ase), albumin (bromocresol blue) and creatinine (modified Jaffé). CRP, alpha 1
glucoprotein, transthyretin and cystatin C were measured by immunoturbidimet-
ric methods. Serum creatinine assays using the enzymatic method (creatininase/sar-
cosine oxidase-peroxidase) were performed on the INDIKO Plus® (ThermoFisher®).

The study variables concerned socio-demographic aspects such as age, sex, area
of residence, occupation, body mass index (BMI), date of start of dialysis and patho-
logical history. The biological variables we investigated were uremia, creatininae-
mia, CRP, albumin, alpha-1-glycoprotein acid and cystatin C, as well as glomerular
filtration rates (GFRs) obtained using the Cockcroft & Gault, MDRD (Modified
Diet Renal Diseases), CKD-EPI (Chronic Kidney Disease-Epidemiology Collabora-
tion) clearance equations using creatinine and cystatin C.

Calculations of the different glomerular filtration rates were carried out as part
of this study using the calculator available on the website of the French-speaking
Society of Nephrology, Dialysis and Transplantation (SENDT) [13] [14].

The equations used were:

e Cockcroft and Gault equation
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in men = 1.23 x Weight (kg) x (140 — age)/creatinine (umol/l).

in women = 1.04 x Weight (kg) x (140 — age)/creatinine (umol/l).

o Modification of Diet in Renal Disease (MDRD) Study equation Simplified ver-
sion (in men) = 186 x (creatinine (umol/1) x 0.0113) — 1.154 x age — 0.203 x
1.21 for subjects of African origin (African American) x 0.742 for women.

o GFR equation was estimated using the CKD-EPI (Chronic Kidney Disease-Epi-
demiology Collaboration) formula.

African subject

In women > 62 pmol/L, GFR = 166 X (creatin/0.7) — 1.209 x (0.993) (age). In
men > 80 pmol/L, GFR = 163 x (creatin/0.9) — 1.209 x (0.993) (age).

o Equation for GFR estimated using the CKD-EPI formula, Cystatin C, in
ml/min/1.73m>

Serum cystatin C > 0.8 mg/L.

133 x (Scys/0.8)7"%8 x 0.996%%° [x0.932 if female].

+ GFR estimated by the mixed formula CKD-EPI creatinine-Cystatin C, in
ml/min/1.73m>

Female creatinemia > 62 umol/L Serum cystatin C > 0.8 mg/L.

130 x (Scr/62)7%¢% x (Scys/0.8)~7H x 0.995%¢¢ [x1.08 if of African origin]. Men
creatinine > 80 pmol/L.

Serum cystatin C > 0.8 mg/L.

135 x (Scr/80)7%¢°" x (Scys/0.8)™"" x 0.9954¢¢ [x1.08 if African origin] (if Afri-
can origin).

Before the start of the study, a request for authorisation to collect data was ob-
tained from the management of the SS-TH. Data confidentiality was maintained
throughout the study.

Data were collected using Excel 2016 and statistical analyses were performed
using R software version 3.6.1. Means (m) and standard deviations (SD) were cal-
culated for quantitative variables such as age and concentrations of biochemical
parameters. Student’s t-test was used to compare means. The Pearson correla-
tion coefficient was used to determine the association of cystatin C with the vari-
ables studied. A probability of less than 0.05 was considered significant for all var-

iables.

3. Results

In total, our study included 39 patients with CKD undergoing haemodialysis at the

SS-TH, whose duration of dialysis ranged from 3 months to 49 months.

3.1. Socio-Demographic Characteristics

Table 1 describes the socio-demographic characteristics of the study population.
The mean age of the patients was 43.87 + 11.75 years, with extremes ranging from
22 to 72 years. Males predominated, with a sex ratio (M/F) of 1.56. All patients
were dialysed with an average of 2 dialysis sessions per week. The mean duration
of dialysis was 2.44 + 1.04 years, and 46.15% of patients had been on dialysis for
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=3 years.

Table 1. Socio-demographic characteristics of patients.

Features Parameters Patients (N = 39)
Age Average age (m + TE), (years) 43.87 +11.75
Male, n (%) 24 (61.54)
Gender
Female, n (%) 15 (38.46)
Urban, n (%) 35 (89.74)
Area of residence
Rural, n (%) 4 (10.26)
Employees, n (%) 14 (35.9)
Profession
Non-employees, n (%) 25 (64.1)
HTA, n (%) 33 (84.62)
Pathological history Vascular nephropathy, n (%) 20 (51.28)
Cardiac pathology, n (%) 5(12.82)
Average duration (m * ET), (years) 2.44 +£1.04
Dialysis time Duration < 3 years, n (%) 21 (53.85)
Duration 2 3 years, n (%) 18 (46.15)
Average BMI (m + SD), (kg/m?) 20.74 +2.92
BMI BMI < 23 (kg/m?), n (%) 34 (87.18)
BMI > 23 (kg/m?), n (%) 5(12.82)

In terms of anthropometric parameters, the mean BMI of patients was 20.74 +

2.92 kg/m?. A breakdown of haemodialysis patients by BMI bracket revealed that
87.18% were malnourished (BMI < 23 kg/m?). Pathological history showed hyper-
tension in 84.62% of patients, 51.28% had vascular nephropathy and 12.82% had

cardiac pathology.
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Figure 1. GFR estimates for CKD patients using the 5 GFR calculation formulas.

Figure 1 presents the GFR estimates in patients with CKD using the five GFR
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calculation formulas. It shows that the combined CKD-EPI-Creat-CystC formula
was more accurate in clinically determining patients at stage 5 than the other for-

mulas.

3.2. Mean Values of Biochemical Markers in Haemodialysis
Patients with CKD

The mean values of anthropometric parameters, biochemical markers and esti-
mated glomerular filtration rates assessed during the study are presented in Table
2.

Table 2. Mean values of parameters in CKD hemodialysis patients.

Parameters Values (m + ET)

Anthropometric variables

Average weights (kg) 60.60 +9.54
Average height (m) 1.71 £ 0.07
Average BMI (kg/m?) 20.74 £2.92

Biochemical markers

CRP, (mg/L) 1.98 £1.27
Haptoglobulin, (g/L) 1.07 £ 0.65
Alpha-1 glucoprotein acid, (g/L) 1.08 +0.29
Albumin, (g/L) 42.96 +4.72
Transthyretin, (g/L) 0.46 +0.13
Urea, (mmol/L) 13.43 +5.29
Enzymatic creatinine, (umol/L) 869.92 £ 390.75
Cystatin C, (mg/L) 7.38 + 1.66

Estimation of glomerular filtration rate

Cockcroft & gault clearance, (mL/min) 9.41 £5.53
MDRD, (ml/min/1.73m?) 8.41 +4.78
GFR-CKD-EPI-Creat, (ml/min/1.73m?) 7.17 £ 4.34
GFR-CKD-EPI-CystC, (ml/min/1.73m?) 5.79 £ 2.46
GFR-CKD-EPI-Creat-CystC, (ml/min/1.73m?) 549 £2.21

GFR by MDRD: Glomerular filtration rate by Modified Diet Renal Disease (ml/min/1.73m?).

3.3. Correlation between Cystatin C and the Parameters Studied

Table 3 shows the correlation between Cystatin C and anthropometric parameters,
biochemical markers and estimated values of glomerular filtration rates assessed
during the study. Indeed, a significant positive correlation was observed between
cyclstatin and markers such as albumin and transthyretin. Similarly, a negative but
significant correlation was also observed between GFR-CKD-EPI-CystC and GFR-
CKD-EPI-Creat-CystC with cystatin in our study.
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Table 3. Correlation between cystatin C and the parameters studied.

95% confidence interval
Parameters r t p-value
Min Max

Anthropometric variables and ages

Age of patients, (years) 0.100 0.614 —-0.222 0.403 0.542
Number of years on dialysis, (years) 0.299 1.907 —-0.017 0.561 0.064
Weight, (kg) -0.224 -1.398 -0.503 0.098 0.170
Size, (m) -0.038 -0.234 -0.349 -0.280 0.815
BMI, (kg/m?) -0.234 —-1.465 -0.511 0.087 0.151

Biochemical markers

CRP, (mg/L) -0.125 -0.769 —-0.424 0.197 0.446
Haptoglobulin, (g/L) 0.245 1.543 -0.075 0.521 0.131
Alpha-1 glucoprotein acid, (g/L) 0.212 1.325 -0.109 0.495 0.193
Albumin, (g/L) 0.574 4.268 0.316 0.753 0.0001*
Transthyretin, (g/L) 0.572 4.245 0.313 0.752 0.0001*
Urea -0.210 -1.31 -0.493 0.112 0.198
Modified Jaffe creatinine -0.138 —-0.853 —-0.435 0.184 0.398
Enzymatic creatinine —-0.134 -0.827 —-0.431 0.188 0.413

Estimation of glomerular filtration rate

Clairance Cockcroft & Gault —-0.082 -0.503 —-0.387 0.239 0.617

MDRD 0.013 0.082 -0.303 0.327 0.934

DFG-CKD-EPI-Creat —-0.162 -1 —0.454 0.161 0.323

DFG-CKD-EPI-CystC -0.829 -9.029 -0.907 -0.695 0.000*

DFG-CKD-EPI-Creat-CystC —-0.470 —3.240 —0.684 —-0.181 0.002*
*p < 0.05.

3.4. Factors Associated with Variations in Formulae for Estimating
Renal Function

Table 4 describes the variations in renal function markers as a function of factors

such as age, duration of dialysis, BMI and the patient’s pathological history.

Table 4. Variation in renal function markers according to sociodemographic and clinical factors.

Urea (m * ET), Creat_Enzy (m + ET), Cystatin C (m % ET),

Features Workforce (mmol/L) (umol/L) (mg/L)
Gender
Male 24 (61.54) 12.37 £ 4.63 794.08 =+ 317.53 7.32+1.76
Female 15 (38.46) 15.12 £ 5.98 991.26 + 472.38 7.47 £1.53
Dialysis time
Duration < 3 years 21 (53.85) 13.72 £ 4.66 789.85 + 247.13 7.03 £ 1.69
Duration = 3 years 18 (46.15) 13.08 £ 6.06 963.33 + 502.28 7.78 £ 1.56
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Continued
BMI
BMI < 23 (kg/m?) 34 (87.18) 13.71 £ 5.57 909.26 £ 399.55 748 £1.73
BMI > 23 (kg/m?) 05 (12.82) 11.48 +2.01 602.40 £ 175.68 6.70 £ 0.87
Pathological history
Vascular nephropathy 20 (51.28) 12.47 +12.47 805.60 + 311.53 729 +1.28
Cardiac pathology 5(12.82) 14.22 +4.21 1015.0 + 338.99 7.41 £1.20
Yes 33 (84.41) 12.79 +4.93 847.93 + 409.88 7.22 £1.59
HTA No 06 (15.39) 16.95 + 6.27 990.83 £253.91 824191

Table 5 shows the variations in the calculation of glomerular filtration rate ac-
cording to the factors mentioned above. In this table, the glomerular filtration rate
estimation formulas incorporating creatinine were significantly higher in male sub-
jects. In addition, patients with associated arterial hypertension had significantly
higher mean filtration rate estimates using the formula incorporating creatinine and

cystatin C, compared to subjects without hypertension.

Table 5. Factors associated with variations in glomerular filtration rate.

CKD-EPI CKD EPI CKD EPI
Workforce,
Features %) Creat p-value Cyst p-value Creat Cyst p-value
n
* (m+ET) (m + ET) (m + ET)
Gender
Male 24 (61.54) 8.29 +4.86 6.00 £2.78 6.20 £2.37
Female 15(38.46) 5.35+2.54 0.018* 546+1.88 0.480 4.33+1.29 0.002*
Dialysis time
Duration < 3 years 21 (53.85) 7.31 +3.09 6.38 £2.99 5.85+2.28
0.833 0.095 0.261
Duration > 3 years 21(53.85) 6.99+5.54 5.11 + 1.45 5.05 +2.09
BMI
BMI < 23(kg/m?) 34(87.18) 6.74 +4.35 5.64 +2.53 529 +2.23
0.088 0.248 0.116
BMI > 23 (kg/m?) 05 (12.82) 10.03 £3.25 6.80 £ 1.78 6.80 + 1.64
Pathological history

Vascular nephropathy 20 (51.28) 7.97 +4.86 0.234 6.00£297 0.596 5.95+248 0.180
Cardiac pathology 5(12.82) 547+3.09 0260 6.00+234 0.843 4.60+2.07 0.353

Yes 33(84.41) 7.46+4.59 5.93 £2.59 5.72 £2.30
HTA
No 6(1539) 551+2.04 0.110 500+1.41 0223 4.16+0.75 0.004*

*p < 0.05.

4. Discussion

The primary objective of this study was to evaluate the contribution of cystatin C

to estimating GFR in patients with end-stage renal disease (ESRD) undergoing hemo-
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dialysis at the SS-TH in Bobo-Dioulasso, Burkina Faso. The main limitation of the
study is the sample size obtained, which does not allow extrapolation of the results
to the entire population of ESRD patients undergoing hemodialysis. Similarly, our
limited reagent resources and the cross-sectional nature of the study could lead to
various biases (selection and confounding factors). Despite these limitations, one
of the strengths of this study is that it enabled the study of useful biomarkers with
predictive value for kidney damage and cardiovascular risk.

Cystatin C is alow molecular weight protein of approximately 13 kDa that is con-
stantly produced by all nucleated cells, filtered freely in the glomerulus and metab-
olised in the proximal tubule [15]. Its metabolism in humans appears to be char-
acterised by constant synthesis independent of nycthemeral variations, significant
glomerular filtration and total renal elimination in the proximal tubules. These
aspects explain the interest in measuring it in renal disorders. Traditionally, creati-
nine has been the most widely used marker in laboratories for assessing renal func-
tion, because it is easier to measure (Jaffé and enzymatic method) than cystatin C.
A study conducted by the General Chemistry Survey 2019 of the College of Amer-
ican Pathologists indicated that only 7% of US clinical laboratories offered cystatin
C tests and that more than 90% of them referred the tests to external commercial
laboratories [16]. In Burkina Faso, cystatin C does not appear to be widely tested
in medical laboratories. A single study by Da ef al on the prevalence of chronic
kidney disease in retired people in the town of Bobo-Dioulasso used a GFR calcu-
lation based on cystatin C [12].

Given the limitations of creatinine measurement, particularly because of its in-
fluence on muscle mass, cystatin C measurement offers several advantages. Our
study showed no significant correlation between serum cystatin C and anthropo-
metric parameters (weight, height and BMI), patient age, number of years on dial-
ysis and traditional markers of renal function (urea, enzymatic creatinine and Jaffet)
in end-stage CKD patients on dialysis. In fact, several studies have shown that cys-
tatin C is little influenced by factors such as muscle mass, age, sex and diet, making
it a much more advantageous biomarker than creatinine for investigating renal
function [17] [18].

In our study, a positive and significant correlation was observed between cys-
tatin C and markers such as serum albumin (r = 0.574, p = 0.0001) and transthy-
retin (r = 0.572, p = 0.0001). These results suggest that serum albumin and trans-
thyretin concentrations increased at the same time as serum cystatin C concen-
trations increased. This could be explained by the possible complications of end-
stage renal disease under dialysis, where renal clearance is reduced, leading to re-
tention of serum proteins such as albumin, transthyretin and cystatin C.

In our study, a negative and significant correlation was observed between cys-
tatin C and DFG-CKD-EPI-CystC values obtained using cystatin C (r = —0.829,
p-value = 0.000) and that coupling cystatin C and serum creatinine (r = —0.470,
p-value = 0.002). These data suggest that a fall in GFR-CKD-EPI-CystC and GFR-

CKD-EPI-Creat-CystC values is associated with an increase in serum cystatin C
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concentrations. Thus, the measurement of cystatin C and its inclusion in the DFG-
CKD-EPI formulae alone or combined with creatinine are consistent with the fact
that cystatin C is an indicator of the deterioration of renal function. Indeed, sev-
eral authors have shown that patients with advanced CKD (G3 - G5) have higher
serum cystatin C than patients with milder CKD (G1 - G2) [16] [19].

From the oldest equations, such as Cockcroft & Gault, through MDRD, to the
most recent with the Chronic Kidney Disease Epidemiology Consortium (CKD-
EPI), the choice of eGFR equation is often not straightforward for the black Afri-
can population. Indeed, these equations are often obtained on the basis of epide-
miological surveys that do not report sufficient data for black subjects due to the
lower representation of blacks in European countries. However, scientific societies
such as the European Federation of Clinical Chemistry and Laboratory Medicine
maintain their support for the CKD-EPI 2009 equation and also recommend in-
creased use of cystatin C due to its independence from race, aiming for more ac-
curate estimates of GFR in various populations [20] [21]. Black subjects tend to
have higher muscle mass than Caucasians [22]. Creatinine, being the muscle break-
down product of creatine, is likely to be underestimated in Caucasian subjects
[22].

The 2009 CKD-EPI creatinine equation includes gender, age, creatinine and
race [14] [23]. On the other hand, the 2021 CKD-EPI creatinine equation includes
age, sex and creatinine, but excludes race [23] [24]. As a result, to avoid over- or
underestimating GFRs, several scientific societies are tending to use the CKD-EPI
equations published in 2012, which take into account cystatin C alone and in com-
bination with creatinine [14] [25].

In our study, all patients had end-stage hemodialysis and were clinically classi-
fied as stage 5 CKD. The mixed CKD-EPI formula showed 100% of patients in
stage 5 (GFR < 15 ml/min/1.73m?), whereas the other two, which took creatinine
and cystatin C alone into account, excluded one patient outside this stage. The
mixed CKD-EPI formula therefore appeared to be more accurate than that using
creatinine and cystatin C alone. The same observation was made by several authors,
for whom the bias with the combined creatinine-cystatin C formula was lower than
with equations taking creatinine and cystatin C alone into account [18] [24]. The
combined formula was therefore more accurate and resulted in a more precise clas-
sification of GFR measured as less than 60 ml/min/1.73m? [18] [24].

Overall, this mixed CKD-EPI-Creat-CystC formula is tending to be proposed
by several scientific societies for its accuracy in confirming the diagnosis and clas-
sification of CKD, despite the associated costs. One study shows that the cystatin
C test costs around 10 times more than the creatinine test, which limits its use in
routine practice [8].

Our study shows that haemodialysis CKD patients with hypertension had signif-
icantly higher mean GFR-CKD-EPI values combining creatinine and cystatin C
compared with patients without hypertension (CKD-EPI-Creat-CystC with hyper-
tension = 5.72 + 2.30 mL/min/1.73m? vs CKD-EPI-Creat-CystC without hyperten-
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sion = 4.16 + 0.75 mL/min/1.73m? p-value = 0.004). This increase in mixed CKD-
EPI in hypertensive patients could be explained by a pronounced deterioration in
renal function and blood pressure regulation. For example, some authors described
that serum cystatin C levels in patients with uncontrolled hypertension were higher
than those in patients with controlled hypertension and no hypertension, although
all groups had normal serum creatinine concentrations [26]. These data suggest
that the increase in cystatin C associated with uncontrolled hypertension may be
manifestations of renal microvascular damage [26]-[29]. In addition, several stud-
ies have shown that cGFR and eGFRcys-creat below 85 mL/min/1.73m? were as-
sociated with an increased risk of death from any cause and cardiovascular disease
(8] [30]-[32].

5. Conclusion

In our study of end-stage renal disease patients on haemodialysis, we found that
serum cystatin C concentrations correlated with those of biomarkers such as albu-
min and transthyretin. For estimating GFR, the combined creatinine-cystatin C
formula was more accurate in diagnosing the clinical stage and led to a more pre-
cise classification of GFR in chronic kidney disease. Also, the mean values of CKD-
EPI combining creatinine and cystatin C were significantly elevated in patients with

hypertension, suggesting its value in predicting cardiovascular risk.
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