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Role of Cystatin C and Uromodulin Levels in the Chronic Kidney
Disease Progression

Hadeel T. A. Al-Ani', Makarim Q. D. Al-Lami?
'College of Dentistry, Al-Bayan University, Baghdad, Iraq, *Department of Biology, College of Science, Baghdad University, Baghdad, Iraq

Background: Chronic kidney disease (CKD) is caused by reduced renal functioning as well as irreversible structural changes in the
kidney. Objective: The aim of study is to determine the role of cystatin C and uromodulin in progression of CKD in a sample of Iraqi
patients. Materials and Methods: This study included 90 samples, which were divided into two groups. The first group included 70
CKD patients, and the second group included 20 healthy groups. Blood samples were collected to determine complete blood count
and serum was separated to assess renal function tests [blood urea (B. urea), serum creatinine (S. Cr.), uric acid (UA), and calculated
estimated glomerular filtration rate (¢GFR)], and to measure levels of cystatin C (cys C) and uromodulin (Umod). Results: The study
showed a significant (P < 0.001) increase in levels of B. urea and S. Cr., while the value of eGFR showed a significant (P < 0.001)
decrease with the progress of CKD. A significant (P < 0.001) decrease was found in levels of hemoglobin and hematocrit while
non-significant (P > 0.05) differences were revealed in the rest of the hematological parameters with the progress of the CKD. A
significance (P < 0.001) decrease and increase were found in levels of cys C and Umod, respectively, with the progress of CKD.
Conclusion: The progression of CKD in impaired kidneys was associated with an elevated level of cys C, with a decrease in the level
of Umod in all stages of CKD patients and control. On the other hand, cys C was better than Umod in diagnosis between stages of
CKD.
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stagel: kidney damage with normal or elevated GFR
(>90mL/ min/1.73 m?), stage 2: minor decline in GFR
(60 89mL/min/1.73 m?), stage 3: modest decline in
GFR (30-59 mL/min/1.73 m?), stage G4: severe decline
in GFR (15-29mL/min/1.73 m?), and stage G35: kidney
failure (GFR < 15mL/min/1.73 m? or dialysis)."

INTRODUCTION

Chronic kidney disease (CKD) is a global health
problem. A considerable number of non-communicable
disease is associated with undesirable clinical and
economic effects.!” Most kidney problems do not
manifest symptoms until they are advanced, and they are
only detected when they are chronic. It is characterized
as deficiencies in renal composition and function
parameters that are associated with an increased risk of

Serum creatinine (S. Cr.) and blood urea (B. urea)
values are used as indications for the diagnosis of
kidney injury. However, these measurements are

problems in other organ systems as well as mortality, all
of which occur more frequently than three months and
are known as chronic kidney failure.’) Hypertension,
diabetes, and obesity are the three most important risk
factors for CKD. It alters biochemical and hematological
indicators, which become increasingly visible as the
disease progresses.l’! The beginning stage of CKD can be
determined to help guide disease- specific treatment and
predict prognosis,™ classified into five stages including,
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insensitive and lack specificity for the early detection
of kidney impairment.”! The finding of new markers
of kidney function is thus of clinical significance, as
demonstrated by the recent addition of cystatin C (cys
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C) as a second marker to estimate GFR, improving the
ability to calculate GFR accurately and predict future
risk of end-stage renal disease (ESRD) and death.!”
It has a molecular weight of 13 kD. It belongs to the
cysteine protease inhibitor family. All nucleated cells
produce it at the same rate. There is no influence on
age, muscle mass, gender, and tubular secretion. It
was revealed that it increases in the blood as kidney
function declines and that it is more useful than other
established markers in predicting complications and
ESRD.®

Uromodulin (Umod) is a glycoprotein, that is, mostly
produced in the human kidney by the thick ascending
limb of the loop of Henle and the early distal convoluted
tubule.””» Umod is mostly secreted into the urinary tract,
where it possesses anti-lithogenic, anti-infective, and
immunomodulatory activities; however, only a small
amount is also secreted into the circulation serum
uromodulin.!'%

MaTteriaLs AND METHODS
Study subject

This study included ninety samples, which were divided
into two groups. The first group included 70 CKD
patients, and the second group included 20 healthy
individuals as a control group, who have been in
attendance at Ghazi Al-Hariri Surgical Specialties’
Hospital-Medical City from October 2022 until February
2023. According to the study protocol, information
was obtained from each participant including both
descriptive data (age, gender, and body mass index
[BMI]) and clinical data (duration of disease and stage of
disease).

Collection of blood samples

Blood samples of 5mL were collected from CKD
patients and the control through a venous blood draw
and the samples were divided into two tubes; the first
tube contained ethylenediaminetetraaceticacid for
assessing complete blood count (CBC); the second
tube contained a gel, then, it was centrifuged at
4000 rpm for 4 min to collect the serum to assessing
the renal function tests and levels of cys C and
Umod.

Renal function tests

The B. urea and S. Cr. were measured by Siemens’s
diagnostic equipment to obtain the result, while
uric acid (UA) was measured by spectrophotometry
with BioSystems kit company. On the other hand, an
estimated GFR (eGFR) is calculated by the equation
CKD-EPI 2021 equations. The eGFR creatinine
equation for age 218 years is programmed in a single
expression for eGFRer.[:

eGFRcr = 142xmin (Scr/x,1(*xmax (Scr/x, 1) n "!-2
x0.9938"%x1.012 [if female]

Hematological tests

The CBC was measured by NIHON KOHDEN auto
hematological analyzer to measure several hematological
tests containing hemoglobin (Hb), hematocrit (HCT),
red blood cells (RBC), total white blood cells (WBC)
and differential of WBC (neutrophile, eosinophile,
basophile, lymphocyte and monocyte), and count of
platelets (PLT).

Cystatin C and uromodulin levels

Enzyme-linked immunosorbent assay was employed to
estimate of levels cys C and Umod using Cloud-Clone
Crop from USA.

Statistical analysis

All data were analyzed using a statistical package for
the social sciences) SPSS( (Ver.28) (IBM) program. The
statistical analyses were performed using an analysis of
variance. A significant P value (P > 0.05) was given to each
data set, which was displayed as mean * standard error
(M = S.E.).B7

ResuLts

Distribution of patients according to the duration of the
disease

The duration of the disease was divided into following three
categories: <15 months, 15-30 months, and >30 months.
The present results showed that most of the patients (60%)
within the duration of the disease of <15 months are
shown in Figure 1.

Distribution of the patients according to stages of chronic
kidney disease

The distribution according to stages of CKD is illustrated
in Figure 2. It is clear that most of the patients (43%) were
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Figure 1: Distribution of the patients according to duration of the disease
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with stage 4 (G4), while the other stages (G2 and G3)
revealed a percentage of (21% and 36%, respectively).

Descriptive data of the studied subgroups

A comparison was made between the subgroups of the
patients, according to the stages of CKD, and control
groups regarding to the description data as shown in
Table 1. The results showed that there were non-significant
(P >0.05) differences in age between the control group
and the studied subgroups (G2, G3, G4). While significant
(P <0.05) increase was found in BMI value with the
progress of the severity of the CKD. The current finding
showed that more CKD patients were male in all three
subgroups (G2 = 60%, G3 = 14%, G4 = 18%) compared

50

40
(4
< 30
Q 21
g
Z 20
=
2
= 10

0

G2 G3 G4
Stages of CKD

Figure 2: Distribution of the patients according to stages of chronic
kidney disease

with the percentage of the female (G2 = 5%, G3 = 11%,
G4 = 12%).

Renal function tests of the studied subgroup

The data presented in Table 2 show renal function tests
between the three stages of CKD and control. The levels
of B. urea and S. Cr. increased significantly (P < 0.001)
with the progression of the severity of CKD, these levels
in the patient subgroups are as follows: G2 (46.6 = 4.73,
1.19 £ 0.04 mg/dL, respectively), G3 (66.32+4.79,
1.95 £ 0.07 mg/dL, respectively), and G4 (94.7 £ 5.55,
3.17 £ 0.13 mg/dL, respectively) as compared with the
control (30.0 +2.08, 0.76 + 0.04 mg/dL, respectively).
While non-significant (P > 0.05) differences were
found in the level of UA when a comparison was
made between the subgroups [G2 (6.32 £0.23 mg/
dL), G3 (6.91 £ 0.37 mg/dL), and G4 (6.55 + 0.33 mg/
dL)] and control (5.73* %+ 0.35 mg/dL). On the other
hand, the value of ¢GFR showed a highly significant
(P <0.001) decrease with the progress of the CKD [G2
(68.33 £ 1.91 mL/min/1.73 m?), G3 (38.0 £ 1.4 mL/
min/1.73 m?), and G4 (21.57 £ 0.88 mL/min/1.73 m?)]
compared with control group (112.25*4.19 mL/
min/1.73 m?).

Hematological parameters of the studied subgroups

The results shown in Table 3 revealed that as the
severity of CKD increased, there was a highly
significant (P < 0.001) decrease in the levels of Hb
and HCT. These levels in the patient subgroups are as

Table 1: Descriptive data of the studied subgroups

Descriptive data Groups
Control G2 G3 G4
No. participated 20 15 25 30
Age (years) 40.65* £2.74 46.6* = 3.99 45.60* 2.5 49.53* £ 2.18
Body mass index (kg/m?) 30.79* £ 1.64 25.92° +0.85 27.90* £ 1.1 28.19° £ 0.74
Gender no. %
Male 11 (55%) 9 (60%) 14 (56%) 18 (60%)
Female 9 (45%) 5 (40%) 11 (44%) 12 (40%)
Mean carrying different letters in the same row indicates a significant (P < 0.05) difference.
Mean carrying similar letters in the same row indicates a non-significant (P > 0.05) difference
Table 2: Renal function tests of the studied subgroup
Renal function tests Groups
Control G2 G3 G4
No. participated 20 15 25 30
Blood urea (mg/dL) 30.0¢ +2.08 46.6°+4.73 66.32°+4.79 94.7* £ 5.55
Serum creatinine (mg/dL) 0.76¢ = 0.04 1.19¢+0.04 1.95+0.07 3178+ 0.13
Uric acid (mg/dL) 5.73* £0.35 6.32*+0.23 6.91° £0.37 6.55*£0.33
Estimated glomerular filtration rate (mL/min/1.73 m?) 112.25* £ 4.19 68.33* £ 1.91 38.0c+ 1.4 21.579+£0.88

Mean carrying different letters in the same row indicates a high significant (P < 0.001) difference.
Mean carrying similar letters in the same row indicates a non-significant (P > 0.05) difference
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Table 3: Hematological parameters of the studied subgroups

Hematological parameters Groups

Control G2 G3 G4
No. participated 20 15 25 30
Hemoglobin (g/dL) 13.06* £ 0.47 11.50° £ 0.49 11.51°+£0.45 10.82¢ £ 0.29
Hematocrit (%0) 39.48* £ 1.21 35.54*+1.18 34.70c + 1.22 32.714+£0.78
Red blood cells (10¢/uL) 4.77* £.14 4.57*£0.21 428+ 0.16 4312 +0.14
Mean corpuscular volume (fL) 82.99*+ 1.21 78.74* £ 3.26 81.63*+ 1.52 77.62* + 1.65
Mean corpuscular hemoglobin (pg) 27.41* £ 0.52 25.48*+1.22 27.32¢ £ 0.73 25.67* + 0.69
Mean corpuscular hemoglobin concentration (g/dL) 33.04* +0.28 30.87* + 1.36 33.07* £ 0.29 32.96* + 0.26
White blood cells (10%/uL) 8.07* £ 0.45 7.86* £ 0.91 8.008* £ 0.47 7.940* £ 0.49
Neutrophile (%) 55.93 % 1.77 59.77 £ 2.78 57.78* £ 2.10 59.23: £ 1.94
Eosinophile (%) 2.04* +0.49 1.95* £ 0.35 231+ 0.42 231 +0.25
Basophile (%) 1.320£0.22 1.90* £ 0.42 1.34*+0.27 1.90* £ 0.39
Lymphocyte (%) 34.33: £ 1.62 29.98* £2.59 32464+ 1.77 30.30* £ 1.78
Monocyte (%0) 6.40° £ 0.49 6.42* £0.59 5.76* £ 0.38 6.63* £ 0.53
Platelets (10°/uL) 260.35* = 17.04 239.0° £ 16.72 247.36* £ 16.82 247.13* £ 12.81

Mean carrying different letters in the same row indicates a high significant (P < 0.001) difference.

Mean carrying similar letters in the same row indicates a non-significant (P > 0.05) difference

Table 4: Level uromodulin and cystatin C levels of the studied subgroups

Parameters Groups

Control G2 G3 G4
No. participated 20 15 25 30
Cystatin C (ng/mL) 9.36°+ 0.48 17.13* £ 0.69 17.10° £ 0.42 20.34* + 0.66
Uromodulin (ng/mL) 21.83 £ 1.13 5.80°+0.13 5.22°+0.24 5.47°+0.26

Mean carrying different letters in the same row indicates a high significant (P > 0.001) difference.

Mean carrying similar letters in the same row indicates a non-significant (P > 0.05) difference

follows: G2  (11.50 £0.49 g/dL, 35.54 = 1.18%,
respectively), G3 (11.51 £0.45g/dL, 34.70 + 1.22%,
respectively), and G4 (10.82 £ 0.29 g/dL, 32.71 £ 0.78,
respectively) as compared with control groups
(13.06* + 0.47 g/dL, 39.48* £ 1.21%, respectively). The
rest of the hematological parameters revealed a non-
significant (P > 0.05) difference when a comparison was
made between the different subgroups of the study.

Level cystatin C and uromodulin levels of the studied
subgroups

In Table 4 show levels of cys C and Umod between the
three stages of CKD and control. A high significant
(P <0.001) increase was found in the level of cys C
between stages of CKD (G2, G3, G4) patients and
control groups as follows: 17.13> + 0.69, 17.10° + 0.42,
20.34* £ 0.66, 9.36° £ 0.48 ng/mL, respectively.
On the other hand, a high significant (P < 0.001)
decrease was found in level Umod between stages of
CKD (G2, G3, G4) patients as compared with the
control group (5.80° + 0.13, 5.22°+ 0.24, 5.47° £+ 0.26,
21.83* £ 1.13 ng/mL, respectively), while the level of
Umod no significant differences was found among
stages of CKD.

Discussion

The current result showed the distribution of subjects
according to duration of the CKD is in disagreement
with a previous study!>'3 which stated that the majority
of research participants had been living with CKD for
2-3 years. The study showed a significantly impaired
eGFR between 15 and 29mL/min/1.73 m? revealed a
distribution more common in stages 3 and 4 that finding is
in agreement with other studies!'*!” which found that the
incidence rate of stage 4 CKD increased with advancing
age, and the absolute risk of kidney failure decreased.
This finding may be due to a late diagnosis of CKD often
progressing silently, without symptoms in the early stages.
It could be caused by excessive blood pressure, diabetes,
polycystic, kidney stones, and glomerulonephritis,
which may lead to end-stage kidney disease (ESKD) or
dialysis.['

The current finding of a non-significant difference
in the age between the stages of CKD disagrees with
other studies!!”!'¥ which reported that age is particularly
an important factor as kidney function declines with
normal aging. While BMI revealed a significant
difference between stages of CKD, this finding agrees
with a previous study!'*?” which stated that obesity
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raises the risk of CKD, hypertension, and diabetes
in children and adolescents and the risk of death in
children with ESRD. Also, the present finding revealed
increases in the prevalence of CKD in men compared
to women agrees with the previous study®?!! which stated
that there was a significant interaction between sex and
the risk for ESKD in men. The reason for the higher
prevalence of CKD in men than in women might have
some protective factors like estrogen, on the other hand,
men tend to have higher rates of certain behaviors that
increase the risk of CKD, such as smoking and alcohol
consumption in addition to certain conditions like
diabetes and hypertension.['?

The current finding regarding a significant increase in
levels of B. urea and S. Cr. associated with a significant
decrease in the value of eGFR between stages of CKD
agrees with other authorst?? who found an increase in the
B. urea and S. Cr. which are considered as waste products
that are not effectively cleared by the impaired kidneys
leading to a decline in filtration. Reduced eGFR may be
due to nephrons being damaged and scarred leading to
kidney filtration decreased in eGFR affected by other
conditions such as infection, dyslipidemia, hypertension,
and diabetes.* The results of UA showed non-significant
among CKD stages which is in agreement with a previous
study? found that there was no significant association
between serum UA level and all-cause mortality of CKD.

The current study observed that Hb and HCT showed
statistically significant differences between various stages
which were in agreement with the other authors?*2% who
revealed that Hb and HCT had statistically significant
differences between the various stages. Low Hb and
HCT may be caused by a lack of iron. Iron is an essential
component of Hb production, iron insufficiency is caused
by a drop in ferritin, which is a protein used for iron
storage; it is also caused by a decrease in iron absorption
and dietary restriction.?” The present result revealed no
significant differences in RBCs between stages of CKD
disagreed with?>?® who found that compared to the results
obtained for CKD stages 1 and 2, the RBC lifespans
obtained for the groups in stages 3, 4, and 5 were much
shorter. The non-significance of mean corpuscular volume
(MCYV), mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC) between
stages of CKD is in agreement with another author®!
who found that the association between MCV, MCH,
and MCHC levels and CKD stages was not statistically
significant. However, a non-significant difference in the
total and differential count of WBCs and PLT between
stages of CKD was agreed with a previous study®**!! which
found that total WBC, a clinically relevant precursor
of WBC, does not alter in either of all stages of CKD.
There is no discernible correlation between the severity
of CKD and the WBC count, neutrophils, lymphocytes,
monocytes, eosinophils, basophils, and PLT levels.

The current result showed that cys C increases with the
progress of CKD is in agreement with a prior study?>33
which found that the detection of impaired kidney function
and identification of CKD in its early stage is significant
in both diagnostic and clinical research settings, as cys C
concentrations increased earlier than creatinine. In several
different patients, cys C has been demonstrated to be more
accurate than serum creatinine. It detects earlier, subtler
alterations in kidney function.® The current result showed
that Umod decreased in all stages of CKD compared with
control in agreement with the previous study by®3% who
stated that Umod concentrations gradually decreased with
progressive impairment of kidney function, the difference
between uromodulin concentrations for all CKD stages,
the decline in kidney function may result in reduced
uromodulin production and secretion, uromodulin is
primarily produced by the cells lining the thick ascending
limb of the loop of Henle when these tubulars exposed to
inflammation, damage, and other factors associated with
CKD can lead to decrease it.?®!

In this study, the causes of CKD in Iraqi patients may
be hypertension, diabetes, kidney stones, cardiovascular
disease, unhealthy lifestyles like smoking, and high-fat
diet, and may be due to some patients’ infections with
COVID-19 which leads to kidney problems.

CoNcLusIoN

The study revealed that the progression of CKD results
in impaired kidney function elevated renal function
parameters (B. urea and S. Cr) and a decrease in eGFR
between the stages of CKD. Besides the manifestation of
anemia, however, a significant difference was observed
between the Umod levels in all stages of CKD patients
and controls, while there were no significant differences
among stages of CKD. A significant difference was found
in the level of cys C in all stages of CKD, which shows
that cystatin C was a better marker than uromodulin in
determining the stages and the progression of the disease.
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