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INTRODUCTION

Pregnancy causes a number of physiological
changes and laboratory parameters of a preg-
nant woman differ from a healthy non-pregnant
donor woman. The volume of circulating blood,
as well as blood viscosity, undergo significant
changes during pregnancy. In the middle of the
Il trimester, blood volume increases to 40%,
and blood viscosity decreases [1]. Significant
immunological changes occur during pregnan-
cy, as the mother's immune system encounters
foreign antigens derived from the semi-alloge-
neic fetus and placenta [2]. Immune reactivity
changes in the dynamics of the gestational pro-
cess. Biologically, the | trimester of pregnancy
has been found to be proinflammatory to facil-
itate blastocyst implantation and placentation.
The I trimester, the period of intensive intra-
uterine development, is characterized by an
anti-inflammatory Th2 environment [2]. During
the Ill trimester, there is a switch of immune
reactivity to a pro-inflammatory Th1 response,
which is necessary for birth [3-7].

In recent years, circulating levels of pro-in-
flammatory molecules have been found to be
elevated in patients with recurrent miscarriage
and recurrent implantation failure. These results
demonstrate that an imbalance of pro- and an-
ti-inflammatory factors may underlie reproduc-
tive failure [8].

One of the most important pro-inflammatory
molecules is C-reactive protein (CRP). It belongs
to the evolutionarily conserved family of pen-
traxins, produced by hepatocytes in response to
pro-inflammatory cytokines, mainly interleukin
(IL)-6 and to a lesser extent IL-1f. The concen-
tration of CRP in the blood can increase from
less than 1 to 600-1000 mg/I [9, 10]. This rapid
and profound increase makes CRP useful as a
marker for monitoring inflammatory activity in
chronic diseases. Infections during pregnancy
are common, and CRP is often measured as a
surrogate marker of infection [3-7]. Studies ex-
amining longitudinal CRP levels during induced
pregnancy, particularly in women of advanced
reproductive age, are scarce.

Serum albumin can serve as a “negative” pro-
tein of the acute phase of inflammation [11, 12].

Pro-inflammatory cytokines (such as tumor
necrosis factor a and IL-6) inhibit its synthesis.
Albumin can provide communication between
intracellular, extracellular and tissue fluid and
maintain the balance of colloid-osmotic pres-
sure of blood. This is explained by the fact that
albumin accounts for nearly 70-80% of the total
osmotic pressure in plasma and is the main reg-
ulator of fluid distribution in body cavities [13].
Albumin is considered an extracellular mole-
cule, mainly because it is released outside the
cell as rapidly as cytokines after synthesis in he-
patocytes. In turn, numerous cell types (includ-
ing endothelial cells and hepatocytes) are able
to take up albumin by receptor-mediated endo-
cytosis and cleave it by lysosomes. According-
ly, albumin has multiple biological effects, and
its non-colloidal function cannot be ignored in
addition to its colloidal function. Non-oncotic
functions of albumin mainly include antioxi-
dant, anti-inflammatory, molecular transport,
endothelial stabilization, antithrombotic and
immune regulation [11, 12, 14], which indicates
the important role of this protein for the physio-
logical course of pregnancy. The characteristics
of albumin discovered in recent years indicate
that this main blood plasma protein, which un-
til recently was assigned the “modest” role of
an osmotically active component, is actually a
molecular “core’, a connecting link between var-
jous tissues and organs, which indicates health.
| of the whole body and in many respects de-
termine this health [15]. Pregnancy is character-
ized by a decrease in plasma albumin levels with
gestational age [16, 17].

Recently, research has focused on the rela-
tionship between albumin and CRP in inflam-
matory conditions. The obtained results are
contradictory. Some researchers observed a
decrease in albumin, which was accompa-
nied by a significant increase in CRP [14, 18].
However, another study showed that albumin
increased in inflammatory conditions [19]. A
statistically significant inverse correlation was
established between serum levels of CRP and
albumin, illustrating the divergent relationship
between “positive” and “negative” acute phase
protein [20].
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Elevated serum CRP levels have been associated with reduced
fertility and poor outcomes of assisted reproductive technolo-
gies (ART) [21, 22]. In the work of H. Zhang et al. (2023) [8] it was
shown that the frequency of clinical pregnancy in ART programs
was significantly lower in the group of individuals with a high
basal level of CRP compared to the group of women with low CRP
(50.0 vs. 63.4%; p < 0.0167), which contributed to a significant
decrease in the birth rate (39.8 vs. 53.8%; p < 0.0167) [8]. R.G. Ra-
din et al. (2015) [23] showed that high pre- or post-implantation
CRP levels reduce the survival of pre- or post-implantation male
embryos among women trying to conceive naturally, and that
daily treatment with low-dose acetylsalicylic acid before concep-
tion can reduce serum CRP concentrations blood, restoring the
normal ratio of the sexes of the offspring. This deleterious effect
of higher maternal inflammation on male embryos is consistent
with in vivo animal studies [23].

Some studies show that reproductive aging is associated
with a state of low-grade chronic inflammation and increased
levels of serum inflammatory markers, such as CRP [24]. Despite
numerous clinical trials, the mechanism behind this increase is
not yet fully understood. However, higher levels of inflamma-
tory markers are hypothesized to be associated with increased
adipose tissue (especially visceral), decreased sex hormone lev-
els, and increased oxidative damage, all of which are common
in advanced reproductive and elderly people [24].

Thus, pregnancy is an inflammatory condition, the latter in-
tensifies in advanced reproductive age. Decreased fertility in
women, especially when ART is necessary, is also associated
with increased inflammation, especially with such infertili-
ty factors as tubal-peritoneal factor, endometritis, endome-
triosis, polycystic ovary syndrome, obesity. Serum levels of
CRP and albumin are important markers of inflammation in
a woman'’s body, available for laboratory diagnosis in broad
clinical practice.

Objective of the study: to determine the serum levels of CRP
and albumin in women of advanced reproductive age in the dy-
namics of pregnancy induced in ART programs.

MATERIAL AND METHODS

The study was conducted on the basis of the Department
of Obstetrics and Gynecology of the Odesa National Medical
University from 2020 to 2023. It is a fragment of the research
topic “Improving methods of prevention, diagnosis and treat-
ment of diseases of the female reproductive system using the
latest medical and molecular genetic technologies” (No. of the
state registration 0117U007494). The clinical bases of the study
were LLC “Reproductive Medicine Clinic “Nadia Odesa™ (Ode-
sa), LLC “Profile Hospital AIRMED" (Odesa), Maternity House No.
7 of the Odesa City Council (Odesa). This study was approved
by the Bioethics commission of the Odessa National Medical
University (protocol No. 31 dated May 31, 2021) and performed
according to the ethical principles of the World Medical Associ-
ation Declaration of Helsinki. Written informed consent to the
processing of personal data and their further use was obtained
from all participants.

123 women with infertility cured in ART cycles were under
observation:

WWW.REPRODUCT-ENDO.COM.UA / WWW.REPRODUCT-ENDO.COM N2 1(71)/6epeseHb 2024
ISSN 2309-4117

BATITHICTb TA TTOJTOT

e 65 pregnant women of late reproductive age were
included in group |;

e 58 women of active reproductive age were included in
group Il.

Control group C included 57 pregnant women of late repro-
ductive age after natural conception. All women'’s pregnancies
ended by childbirth.

Fasting peripheral blood samples were collected from preg-
nant women at 7-8, 11-12, 18-20 and 29-31 weeks using EDTA
vacutainer tubes. Serum was separated after centrifugation
(3.500 rpm) for 10 min during the first 24 h after collection,
stored in aliquots in a freezer at -80 °C until determination.
The level of CRP was determined by the immunoturbidimet-
ric method with latex amplification on a Cobas 6000 analyzer
(c 501 module) using original Roche Diagnostics test systems
(Switzerland). CRP agglutinate of human origin with latex par-
ticles coated with anti-CRP monoclonal antibodies was used.
Aggregates were analyzed turbidimetrically. The albumin level
was determined by colorimetric analysis on a Cobas 6000 an-
alyzer (c 501 module) using original test systems from Roche
Diagnostics (Switzerland).

Statistical analysis of the obtained data was carried out us-
ing the Excel electronic program with determination of the
reliability of differences at p value < 0.05. The average value
(M), standard error of the mean (+ SEM) was determined. The
Mann-Whitney U-test was used to compare groups based on
quantitative characteristics.

RESULTS

The average age of examined women of group | was 38.71 +
0.54 years (p,, < 0.01, p,. > 0.05), group Il - 30.86 + 0.38 years
(p,.c <0.01), group C - 37.65 £ 0.29 years, body mass index, re-
spectively - 24.32 +0.58 kg/m? (p, . > 0.05), 23.47 + 0, 66 kg/m?
(p,.c >0.05),24.27 + 0.73 kg/m*.

It was established that level of CRP in blood serum increased
with the course of the gestational process, and was statistically
significantly lower in the | trimester compared to the Il and Ill
trimesters in all studied groups. Pregnant women of advanced
reproductive age with pregnancy induced in ART programs had
higher levels of serum CRP compared to women of active re-
productive age with pregnancy induced in ART programs and
pregnant women of advanced reproductive age after natural
conception. At 7-8 weeks of gestation, serum levels of CRP
were increased in pregnant women of group | compared to the
group Il by 1.44 times and group C by 1.79 times (2.89 £ 0.08 vs.
2.01 £ 0.14 pg/ml (p < 0.01) and 1.62 £ 0.08 pg/ml (p < 0.01)),
in the period of 11-12 weeks - 1.42 and 1.83 times, respectively
(6.02+0.19vs.4.24 £0.29 pg/ml (p <0.01) and 3.29 £ 0.18 pg/ml
(p < 0.01)), in the term 18-20 weeks - 1.26 and 1.97 times
(7.32£0.24vs.5.79£0.40 pg/ml (p < 0.01) and 3.72 £ 0,22 pg/ml
(p <0.01) pg/ml), in 29-31 weeks - 1.30 and 1.91 times (9.29 £
0.30 vs. 7.16 £ 0.50 pg/ml (p < 0.01) and 4.87 + 0.27 pg/ml
(p <0.07) (Fig. 1).

As our study showed, the albumin content in blood serum
in the first trimester of pregnancy was statistically significantly
higher compared to the second and third trimesters in all
studied groups of pregnant women. Lower levels of serum
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Figure 1. Levels of serum CRP in women of the studied groups in the dynamics of pregnancy

albumin were noted in subjects of advanced reproductive
age with pregnancy induced in ART programs compared to
pregnant women of advanced reproductive age after natural
conception and pregnant women of active reproductive age
after ART. Thus, serum albumin concentrations were reduced
in pregnant women of group | compared to the group Il by
1.24 times and in group C by 1.32 times (40.19 + 0.44 vs. 49.97 +
0.48 g/l (p < 0.01) and 53.21 + 0.50 g/I (p < 0.01)), in the period
of 11-12 weeks - 1.20 and 1.31 times, respectively (37.29 + 0.41
vs. 44.62 £ 0.75 g/l (p < 0.01) and 49.01 + 0.42 g/l (p < 0.01)),
in the term 18-20 weeks - 1.15 and 1.38 times (33.86 + 0.44

vs. 38.82 £ 1.08 g/l (p < 0.01) and 46.76 + 0.55 g/l (p < 0.01)),
in 29-31 weeks - 1.14 and 1.40 times (31.90 + 0.44 vs. 36.22 +
1.14 g/l (p < 0.01) and 44.55 + 0.59 g/l (p < 0.01) (Fig. 2).

The conducted study established an inverse correlation
between albumin concentration and CRP level (r = -0.37,
p < 0.01). Statistically significant correlations were also found
between albumin and CRP in the first (r =-0.32, p < 0.01) and
second (r = -0.23 p = 0.03) trimesters, but not in the third
(r=-0.03, p > 0.05). Fetal gender did not affect CRP and albumin
levels during any of the trimesters. No significant correlations
were found between CRP levels during any of the trimesters
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Figure 2. Levels of serum albumin in women of the studied groups in the dynamics of pregnancy
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and fetal birth weight, and between CRP levels during any of
the trimesters and fetal length of birth.

DISCUSSION

The literature indicates that both endogenous and
exogenous hormones of the reproductive system can affect
protein synthesis by the liver. Endogenous progesterone has
been shown to increase serum CRP levels during the normal
menstrual cycle. A 10-fold increase in progesterone was
reported to be associated with a 19.4% increase in serum CRP
in the luteal phase. It was also observed that the concentration
of CRP correlates with estradiol throughout the menstrual
cycle. Oral estradiol, used in the maintenance of an induced
pregnancy in the first trimester, can be rapidly and completely
absorbed from the gastrointestinal tract and reach the liver
in high concentrations via the portal blood. This so-called
first-pass effect is responsible for enhancing hepatic protein
synthesis [25].

Changes in the expression of CRP and albumin revealed in
the work during pregnancy induced in ART programs compared
to pregnancy after natural conception can be associated with
inflammatory factors of infertility, intensive hormonal support
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CONCLUSIONS

Pregnancy induced in ART programs in women of advanced
reproductive age is characterized by increased levels of CRP and
decreased levels of albumin in peripheral blood serum, which
requires appropriate therapeutic and preventive correction
during pregnancy.

Quantification of CRP may be a potential marker of ART
outcome, but its prognostic value remains to be investigated
in large prospective studies. In the future, quantification of
circulating CRP before initiation of ART may help identify
patients with a poor ART prognosis, leading to cancellation of
the ART cycle or preconception treatment to minimize medical
risks and costs. Studying the relationship between albumin and
CRP may provide a screening tool for inflammation to guide
therapeutic intervention and avoid overcorrection in patients
with inflammation.
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AVHAMIKA PIBHIB C-PEAKTUBHOTO BITTKA TA ATIbBYMIHY B XIHOK NI3HOI0 PEMPOZYKTUBHOTO BIKY I YAC BATITHOCTI, IHAYKOBAHOI Y
MPOTPAMAX ZIOMOMIXHIAX PEMPOAYKTUBHUX TEXHOMON I

0.0. XaHua, K. MeA. H., aCUCTEHT Kadenpy akyLIepcTBa Ta riHekonoril loHeLbKOro HalioHaNbHOro MeNYHOro YHiBepcuTeTy, M. KponuBHILIbKMIA
0.M. HoceHKko, 1. Mef1. H., npodecop kadeapu akyLuepcTa Ta riHekonorii 0eckoro HallioHanbHoro MeAUYHoro yHigepcutety, M. Oneca

06rpyHTyBaHHA. BariTHictb, 3 nornAay 6ionorii, € 3ananbHUM CTaHOM. HUKEHHA NN0AIYOCTI, 0C06MMBO 33 HeOOXIAHOCTI NPOBeAEHHS AONOMiMXHMX
PenpoAYyKTUBHIX TEXHONOTHA, @ TAKOX Mi3Hii penpoayKTUBHUIA Bik iHOK NOB'A3aHi 3 MoCANEHHAM 3aNaneHHs.

MeTolo JoCnifeHHA € BU3HAYEHHA CUPOBATKOBYX PiBHiB (-peakTuBHoro binka (CPB) Ta anbOymiky B XiHOK Ni3HHOr0 penpoayKTUBHOTO Biky B AMHAMIL
BArTHOCTI, iHAYKOBAHOT B NPOrpamax A0MOMIKHIX PenpoayKTUBHUX TeXHOIOTIN.

Matepianu Ta metoau. (nocTepexkeHHa 0xonnioBano 123 iHKiA 3 BUNIKYBaHIM Y LIMKNaX A0NOMiXHIX PenpoAyKTUBHUX TexHOMOr il be3nniaaam, i3 Akix
65 BariTHuX — Ni3HbOrO PENPOAYKTUBHOO Biky (rpyna l), 58 — akTnBHoro penpoayKkTBHOro Biky (rpyna ll). 1o KOHTPONbHT rpyn K yBiiiww 57 BariTHux
Ni3HbOr0 PENPOAYKTUBHOTO Biky NiCAA NPUPOAHOI KoHenLii. PiseHb CPb BU3HaYaBCA iMyHOTYPOIAIMETPUYHUM METOIOM, anbbyMmiHy — 3a AOMOMOTOI
KONOPUMETPUYHOTO aHani3y.

Pe3ynbrati. BcraHoBIeHo, L0 NPOTAroM recTaLliiiHoro npoviecy piseHb CPb B cupoBari Kposi 30ibLLyBaBCA | ByB 3HAUYLLE HIKUMM Y NEpLIOMY TPUMECTP
NOPIBHAHO 3 APYTVM | TRETIM TPUMECTPAMK Y BCIX AOCAXYBaHX rpynax BariTHyX. Y XiHOK | rpynu cnocTepiranica OinbLu BICOKi MOKA3HWUKI CUPOBATKOBOTO
piBHA CPb nopisHAHO 3 XiHkamin rpynvt |l Ta BaritHumu rpyni K. BmicT anbOymiky B CHpOBATLI KPOBI Y NepLUOMY TPUMeCTPi BariTHOCTI OyB CTaTUCTMYHO 3HauyLLe
BVILLIVMM NOPIBHAHO 3 APYTUM | TPETIM TPUMeCTPami1 Y BCix AOCTIZXYBaHVX rpynaX BariTHIAX. Y 00CTEXeHIX XiHOK rpynvt | cnocTepiranvca OinbLu HU3bKi MOKa3HINKM
CUIPOBATKOBOTO PiBHA aNbOYMiHY NOPIBHAHO 3 BariTHUMK rpynu |1 7a rpynu K.

BucHoBKu. [HyK0BaHa y Nporpamax A0NOMiKHUX PEnpoAyKTUBHIX TEXHOOII BAriTHICTb Y XIHOK NMi3HHOTO PENPOAYKTUBHOTO BiKy XapaKTepu3yeThca
NiABLLEHOI0 KoHLeHTPaLlieto CPD Ta 3HUeHnM piBHEM anbOyMiHy B CupoBaTLli nepudepuuHoi KpoBi, LLo noTpebye po3pobKi BIANOBIAHOT NikyBabHO-
NPOGINaKTMUHOT KOPeKLT Nif Yac BeAHHA BariTHOCTI.

KniouoBi cnosa: e3nnia s, 0nomikHi penpozyKTHBHi TexHoNOri, iHayKoBaHa BariTHICTb, Ni3Hiil penpogyKTuBHMii Bik, (-peakTUBHMUIA 610K, anbOyMiH.

DYNAMICS OF C-REACTIVE PROTEIN AND ALBUMIN LEVELS IN WOMEN OF LATE REPRODUCTIVE AGE DURING PREGNANCY INDUCED IN ASSISTED
REPRODUCTIVE TECHNOLOGY PROGRAMS

F.A. Khancha, PhD, assistant, Department of Obstetrics and Gynecology, Donetsk National Medical University, Kropivnytskyi
0.M. Nosenko, MD, professor, Obstetrics and Gynecology Department Odesa National Medical University, Odesa

Background. Pregnancy from a biological point of view is an inflammatory condition. Decreased fertility, especially when assisted reproductive technologies are
required, as well as women’s late reproductive age is associated with increased inflammation.

Objective of the study: to determine the serum levels of C-reactive protein (CRP) and albumin in women of late reproductive age in the dynamics of pregnancy
induced in assisted reproductive technologies programs.

Materials and methods. Under observation were 123 women with infertility cured in assisted reproductive technologies cycles: 65 were pregnant women of late
reproductive age (group 1), 58 were of active reproductive age (group I1). Control group C consisted of 57 pregnant women of advanced reproductive age after the
natural concept. The level of CRP was determined using the immunoturbidimetric method, albumin level — with a colorimetric analysis.

Results. It was found that, the CRP level in the blood serum increased over the course of the gestational process and was significantly lower in the first trimester
compared to the second and third trimester in all studied groups of pregnant women. Pregnant women of group | had higher levels of serum CRP compared to
women of group |1 and group C. The albumin level in the blood serum in the first trimester of pregnancy was statistically significantly higher compared to the second
and third trimesters in all studied groups. Women in group | had lower levels of serum albumin compared to pregnant women in group Il and group C.

Conclusions. Pregnancy induced in assisted reproductive technologies programs in women of late reproductive age is characterized by increased levels of CRP and
decreased levels of albumin in peripheral blood serum, which requires the development of appropriate therapeutic and preventive correction during pregnancy.

Keywords: infertility, assisted reproductive technologies, induced pregnancy, late reproductive age, C-reactive protein, albumin.
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