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= Over the past few years, the prevalence of chronic kidney disease in pregnant women has been increasing rapidly,
which is one of the most important problems of obstetrics, urology, and nephrology. The severity of the disease is as-
sessed by a decrease in glomerular filtration rate (GFR). However, modern formulas of GFR give errors, therefore, it is
necessary to search for new diagnostic markers of renal function in pregnant women. It is believed that elimination of
cystatin C from the circulation by more than 99% is carried out by the kidneys. In an intact form, this molecule is not
thought to undergo either tubular reabsorption or secretion. In this sense, cystatin C can be considered an almost ideal
marker of GFR. This article discusses the possibilities of using cystatin C as a marker of renal function in pregnant
women.
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= 3a HOC/IeHNe HECKO/IBKO JIeT GOJBIIMMIL TEMIIAMY YBEINYNBAETCS PACIIPOCTPAHEHHOCTh XPOHNYECKOIT 60/Ie3HM HO-
4eK y GepeMeHHBIX. DTO SIB/IIETCS OfHON M3 BAXKHENIINX MpobJIeM aKyLIepCTBa, yporornu u Hedpomorun. TsokecTs
3a00JIeBaHI OLIEHUBAIOT 110 CHIDKEHMIIO CKOPOCTY KIy60ukoBoit dubrpanyi. OZHAKO cOBpeMeHHbIe (GOPMY/IbI CKOPO-
CTH KIIyOOUYKOBOI (PMIBTPALNN JAIOT IOTPEIIHOCTH, II03TOMY HeOOXOAVM IOUCK HOBBIX MAPKEPOB (PYHKIMOHATBHOTO
COCTOSIHMSI TIOYeK y GepeMeHHBIX. [IpMHATO cauTaTh, 9TO 9nmuMuHanys mucratrHa C n3 nupKymsinnu 6oee 4eM Ha
99 % ocymjecTBIAETCSA MOYKaMM. B MHTAaKTHOM BIJie €0 MOJIEKY/Ia, KaK II0/IaraloT, He IOfiBEPraeTca HY KaHaJIbleBON
peabcopbium, Hy cekperun. B aTom cmbicte nyctatue C MOXKET CIMTATBCS €C/IU He MeaIbHbIM, TO OYeHb OITU3KUM
K HeMy MapKepoM CKOpPOCTM KIy60o4koBoll ¢puabTpanuy. B [aHHON cTaTbe pacCMOTPEHBI BO3SMOXKHOCTU IIPYMEHEHUA
nucraruia C B Ka4ecTBe Mapkepa (pyHKIMOHAIbHOIO COCTOSHNA II0YeK y OepeMEHHBIX.

= KinroueBsle cnoBa: mctatit C; MOYKY; XPOHMYIECKast 60/1e3HD [104eK; 6epeMeHHOCTb; IienoHepuT; MHPEKIUN Mode-
BBIBOJALINX ITyTEI.
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In recent years, researchers around the
world are actively seeking simple and accurate
biomarkers of the functional conditions of the
kidneys in pregnant women. This endeavor can be
attributed to the spread of nephrological diseases,
which rank second in incidence in the range of
extragenital pathology and are often asymptomatic
and/or paucisymptomatic, first manifesting during
pregnancy or contributing to the development of
severe complications, such as preterm delivery,
preeclampsia/eclampsia, delivery of small-for-date
newborns, and so on. [1].

Pyelonephritis is one of the most commonly
occurring kidney diseases in pregnant women.
Pyelonephritis represents an inflammatory process
in the kidneys with a predominant lesion of the
interstitial tissue, caused by a specific bacterial
infection, along with the involvement of the pelvis
and calyces [2].

For the diagnostics of renal pathology, it is
essential to determine the levels of total protein
and protein fractions, cholesterol, electrolytes
in the blood, acid-base balance, azotemia, etc.
Additionally, ultrasound examination should also
be performed for the same. A biochemical blood
test reveals hypoproteinemia and dysproteinemia
caused by the decrease in the level of albumin and
an increase in the level of globulins. Furthermore,
a short-term and moderate increase in the
concentrations of urea and creatinine is also noted,
which indicates impaired renal function [3].

The gold standard for determining the
glomerular filtration rate (GFR CK®) is the
clearance method. However, in clinical practice,
special formulas, which are particularly based on
determining the concentration of blood serum
creatinine, are used for determining GFR. This
practice assists in avoiding the organizational
difficulties and technical errors associated with the
collection of daily urine outputs [4].

Errors in determining GFR by creatinine level
can occur due to the non-standard body sizes,
nutritional habits (high-protein diet, creatine-
containing dietary supplements), pronounced body
mass deficiency or obesity (body mass index lower
than 15 kg/m? and more than 40 kg/m?), changes in
the muscle tissues, pregnancy, drug administration
(trimethoprim, cimetidine, fenofibrate), and
analytical errors due to the effects of ketones,

bilirubin, and other molecules [5, 6]. In this regard,
the search continues for new markers that can
improve the accuracy of diagnostics of the functional
condition of the kidneys in pregnant women.

Cystatin C has been proposed as an endogenous
marker for determining GFR. Cystatin C is a basic
peptide consisting of 122 amino acid residues
with a molecular weight of about 13,260 Da. It is
an important extracellular inhibitor of cysteine
proteinases belonging to the second type of the
cystatine superfamily. The structure of the cystatin
C gene and its promoter determines the high
stability of biosynthesis of this inhibitor of cysteine
proteinases [7].

The constancy of production protects the body
from the uncontrolled activation of proteolysis.
Because of these circumstances, the production of
cystatin C is considered to be slightly dependent on
inflammation, tumor growth, age, gender, muscle
mass, and the degree of the body hydration [8].
Cystatin C exerts a pronounced inhibitory effect
on cysteine proteinases similar to that of papain
or cathepsins B, H, and L.

Numerous studies have shown that cystatin
C is synthesized at a constant rate by all the cells
containing nuclei and, thus, enters the bloodstream.
It is filtered completely (100%) in the glomeruli,
and metabolized completely (100%) in the proximal
tubules (although not secreted by them).

Thus, serum cystatin C levels can be attributed
to the following reasons:

1) constant rate of its synthesis is practically
independent of age, gender, and body weight;

2) constant rate of its elimination from the
body, which depends:

a) mainly on renal functions;

b) the presence of renal pathology that impairs
renal functions.

Additionally, unexpected when the pattern of
neonatal mortality was analyzed with respect to the
birth weight [9].

The severity of the renal pathology indicates
the filtration (typically worse) of cystatin C in
the kidneys and its level in the blood. A single
measurement of the blood level of cystatin C
enables the calculation of GFR values with the use
of special formulas [10].

Many research works have demonstrated that
cystatin C is a more sensitive marker of renal
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function than creatinine, especially in the cases
of a moderate decrease in GFR occurring in the
so-called creatinine blind area in the range of 90—
60 ml/min per 1.73 m? Within this range, there
is no proportionality between creatinine and the
true GFR values determined by an exogenous
marker. A meta-analysis integrating the data of 46
articles and 8 reports containing the results of the
cases of about 4,500 patients and individuals in the
control groups showed that cystatin C provides a
more accurate approximation to the real values of
GFR than creatinine. Therefore, the correlation
coefficient of cystatin C concentration with actually
measured GFR values amounted 0.92 versus 0.74
for creatinine. The area under curve and receiver
operating characteristic analysis values for cystatin
C and creatinine were 0.93 and 0.84, respectively.

As a result, a single measurement of serum
cystatin C enables the calculation of GFR according
to the developed formulas, of which the Hoek
formula is most frequently used:

GFR (ml/min per 1.73 m?) =
= 80.35/cystatin C (mg/1) - 4.32.

The following two immunochemical methods
can be used for determining the levels of cystatin
C: turbidimetric (the analysis is performed using
conventional clinical biochemical analyzers) and
nephelometric (it is more accurate and requires
special equipment) methods [11].

The reference levels of cystatin C (mg/l) are
0.50-0.96 for men; 0.57-0.96 for women; 1.37-1.89
for children under 1 month; 0.73-1.17 for children
aged 1-12 months; and 0.51-0.95 for children
older than 1 year [10].

In 2012, experts from Kidney Disease Improving
Global Outcomes recommended the use of cystatin
Clevels as an indicator in addition to the creatinine
levels for the more accurate determination of the
GFR values and the assessment of renal filtration
function [12].

Because the values of cystatin C are practically
independent of body weight, gender, physical
activity, and diet, its use as a marker of the functional
state of the kidneys in pregnant women is highly
desirable. The scientific literature has presented
research works on the values of cystatin C in
pregnant women, but their results are contradictory.

Various studies demonstrated that the values of
cystatin C increased with an increase in gestational
age. This tendency was repeated in each group of
pregnant women with and without pyelonephritis.
Statistically significant differences were found
between trimesters I and II, as well as between
trimesters I and III. Trimester III is accompanied
by a statistically significant increase in cystatin C
values regardless of the presence of urinary tract
infections (UTIs).

Therefore, most researchers agree that higher
cystatin C values are diagnosed in trimester III with
a normally developing pregnancy. An increase in
cystatin C values during physiological pregnancy
is associated with hyperfiltration. Large studies
of serum and urine cystatin C values in pregnant
women with UTI, including those with a high
degree of inflammatory response, are needed.

A study conducted in 2016 revealed that pregnant
women are characterized by an increase in the level
of cystatin C in urine in trimester I. A reference
interval of cystatin C equal to 0.17-0.25 mg/l in
urine for pregnant women has also been obtained.
However, the hypothesis of an increase in the level
of cystatin C in the urine of pregnant women with
preeclampsia was not confirmed [11].

The need to study cystatin C levels in
pyelonephritis is attributable to fact that the risk of
developing pyelonephritis throughout pregnancy
reaches 40% in the presence of lower UTIs, and
the risk of adverse outcomes in the development
of pyelonephritis for both the mother and the fetus
is twice as higher than for other UTIs.

The purpose of this study is to investigate the
possibility of using serum cystatin C as a biological
marker of pyelonephritis in pregnant women.

Study materials

The study enrolled 87 pregnant women with
UTI. The diagnosis of asymptomatic bacteriuria
or acute cystitis (lower UTI) was established in
27 (31.01%) of these patients, whereas gestational
pyelonephritis or chronic pyelonephritis in the
acute stage (upper UTI) was diagnosed in 60
(68.97%) patients.

At the primary stage, the blood serum
concentration of cystatin C was determined in all
the pregnant women. The inclusion criteria were
pregnant women, aged 18-40 years, in trimester II1.
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The exclusion criteria included the presence of
diabetes mellitus, preeclampsia (including in the
medical history), a complicated UTI requiring
surgical intervention (severe hydronephrosis,
purulent formations in the urinary tract), and
autoimmune diseases of any localization.

After processing the data, the pregnant women
were distributed into three groups (A, B, and C).
Group A consisted of 27 pregnant women (gestational
age of 30-37 weeks) with lower UTI, who received
standard therapy with antibacterial drugs and
herbal uroseptics. Group B included 30 pregnant
women (gestational age of 29-37 weeks) with an
upper UTI, who received combined treatment with
antibacterial therapy, herbal uroseptics, and the
immunomodulating drug Wobenzym®. Group C
included 30 pregnant women (gestational age of
28-37 weeks) with an upper UTI, who received
standard therapy with antibacterial drugs and
herbal uroseptics without an immunomodulating
drug. Along with the general clinical examination,
the culture method of isolating microorganisms was
used for considering the sensitivity to antibiotics. In
all the patients, the number of days from the onset of
symptoms, the absence or number of relapses over
the last six months, and the presence of causative
agents of UTI were assessed based on the results
of urine culture. The blood serum concentration
of cystatin C was assessed before and after therapy
using a biochemical analyzer-UniCel D x C 600
Synchron Clinical System (Beckman Coulter) -
and a diagnostic kit made by Audit Diagnostics.
All the studies were conducted in the D.O. Ott
Research Institute of Obstetrics, Gynecology, and
Reproductive Medicine.

The compilation of special diagrams, electronic
spreadsheets, and the design, as well as statistical
processing of the material was performed on a
computer using the Microsoft Office 2016 software
package with the STASTICA 10.0 software. Values
of p < 0.05 were considered statistically significant
for this study.

The interaction of several factors in the
analysis of changes in the parameters under study
was assessed using a double analysis of variance.
Continuous variables with normal distribution
are presented as arithmetic mean (M) + standard
deviation (sd). Medians [25-75th percentiles]
were used in the absence of normal distribution.

The Shapiro-Wilk test was used to assess the
normal distribution. Nonparametric statistical
methods were applied because of the abnormal
distribution in most of the groups. The data were
described using the median (Me) and quartiles: Me
(Q,-Q;). The Wilcoxon test was used to assess the
level of cystatin C before and after treatment, and the
Kruskal-Wallis test was used to compare the levels
of cystatin C among the groups after treatment.

The statistical significance of differences
between the quantitative criteria was determined
by using the Mann-Whitney U test.

Research results

We examined 87 pregnant women with UTI in
this study. Pregnant women were comparable in
terms of age and gestational age. The age of the
patients ranged from 22 to 40 years (32.4 + 4.1 years
in group A, 31.6 + 0.9 years in group B, and
30.6 * 0.94 years in group C). The gestation period
ranged from 28 to 37 weeks (33.2 + 0.60 weeks in
the patients of group A, 31.5 *+ 0.68 weeks in the
patients of group B, and 32.8 + 0.43 weeks in in the
patients of group C). The average number of days
from the onset of symptoms to the start of therapy
was 2.5 * 0.64 days in group A, 3.7 + 0.32 days in
group B, and 3.1 £ 0.34 days in group C. Relapses
in the last six months were noted in 17.1% of
pregnant women in group A, in 30.2% of patients
in group B, and in 23.3% of patients in group C.

In group A, according to the results of urine
culture, the majority of pregnant women had
Escherichia coli (67%), followed by Klebsiella
pneumoniae (18.5%), Enterobacter faecalis (11.0%),
Candida spp. (2.5%), and Proteus mirabilis (1%). In
group B, Enterococcus faecalis was most commonly
observed bacterium (40%). Escherichia coli (30%),
Klebsiella pneumoniae (20%), and Proteus mirabilis
(10%) were also revealed in group B. In group C,
Escherichia coli was found in 40% of the cases,
Enterococcus faecalis was found in 20%, and
Klebsiella pneumoniae and Streptococcus agalactiae
was detected in 16% of cases. Proteus mirabilis was
identified in 8% of patients by urine culture.

Table 1 presents the levels of cystatin C by
groups.

The analysis showed that the levels of cystatin C
after treatment decreased statistically significantly
in groups B and C (p < 0.001).
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Serum cystatin C determination in the study groups

=

OnpepeneHue ypoBHA uuctatuHa C B nepudepuyeckoii KPoBU y NaLMeHTOB Uccnegyembix rpynn

Comparison stages

Groups
Before treatment
A 0,675 (Q,-Q;: 0,64-0,8)
B 1,23 (Q,-Q;: 1,04-1,4)
C 1,14 (Q;-Q;: 0,93-1,33)

Comparison among the groups (after treatment)

After treatment ?
0,660 (Q,-Q;: 0,63-0,78) 0,278
0,885 (Q,;-Q,: 0,78-1,1) <0,001
0,830 (Q,-Q,: 0,76-0,95) <0,001

X’ =31,1; p <0,001%; p, ; < 0,001*; p,_ < 0,001%; p, - = 0,37

No te. *changes in the indicators are statistically significant at p < 0.001.

There were statistically significant differences in
cystatin C levels after treatment (p < 0.001). The
comparison of the groups in pairs revealed that the
level of cystatin C was significantly lower in group
A as compared with groups B and C (p < 0.001).
Additionally, statistically significant differences
were not revealed between groups B and C. The
results are presented in Fig. 1.

Conclusion

UTIs belong to the category of the most common
infectious diseases occurring during pregnancy and
cause 10% of all hospitalizations during pregnancy.
Pyelonephritis during pregnancy can lead to
serious complications, such as anemia, arterial
hypertension, sepsis, premature labor, and low birth
weight of infants, in the mother and the fetus. That
is why timely diagnostics and treatment determine
the prognosis for both the mother and the fetus.
The determination of cystatin C levels as a marker
of the functional state of the kidneys in pregnant
women is advisable because its values virtually
do not depend on body weight, gender, physical
activity, and diet. At the same time, the blood serum
creatinine level, which was previously considered
as an accurate marker of renal function, appeared
to be significantly dependent on the external and
internal factors. It is worth noting that with a lower
UTI, the serum concentration of cystatin C did not
differ from the norm. Therefore, it can be assumed
that cystatin C is a diagnostic criterion and allows
differential diagnostics between lower and upper
UTIs. Both therapy regimens have shown their
efficiency in relieving the acute manifestation
of pyelonephritis. However, the susceptibility to
recurrent pyelonephritis was not evaluated at this
stage of the study. Such a non-invasive method will
enable the obstetricians to start the treatment of
pyelonephritis in a timely manner that is already at
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Serum cystatin C determination in the study groups:
A, — patients with lower urinary tract infection before
treatment; A, — patients with lower urinary tract infec-
tion after standard treatment; B, — patients with upper
urinary tract infection before treatment; B, — patients
after combination therapy with an immunomodulator;
C, — patients with upper urinary tract infection before
treatment; C, — patients after standart therapy

Omnpepenenne ucratuna C B mepudepudeckoin Kpo-
BJ y MALIMEHTOB MCCAEAYEMbIX TPYII: A, — MaIMeHTKN
¢ yH(eKIVell HIDKHIX MOYEeBBIBOJAIINX IIYTeil IO JIede-
HUA; A, — TAUEHTKY ¢ MHQeKIuell HUKHUX MOYeBbIBO-
OAIIMX Iy Tel IOC/ie CTaHapTHOTO jledyenus; B, — manu-
eHTKM C MH(EKUMAMY BEPXHUX MOYEBBIBOMSILINX IIyTeil
IO 7edeHMs; B, — MaIMeHTKN MOCye NMPOBefeHN KOM-
OMHIPOBAHHOI Tepamnyu ¢ UMMyYHOMOAyasaTopom; C, —
HAIMEHTKN ¢ MHQeKUVMSAMM BepXHMX MOYEBBIBOAAIINX
myTeit fo nedenus; C, — MalMeHTKU IOC/Ie MPOBefeHNns
CTaH[JaPTHOI Tepamnumn

the stage of expecting the main test results.
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