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ABSTRACT

Background. Chronic endometritis (CE) is an inflammatory hysteropathy causing
miscarriage and infertility. High invasiveness of the main method of CE diagnosis
and vague clinical picture necessitate the need for the development of less invasive ap-
proaches to establish the presence of this disease.

The aim of the study. To establish a significant association of the concentration of pro-
and anti-inflammatory interleukins in the blood serum with the presence of chronic en-
dometritis in premenopausal women without concomitant endocrine diseases.
Materials and methods. This re-analysis of the data is based on the results of a cross-sec-
tional study conducted between May 2017 and December 2019 which included 198 pre-
menopausal women. In all participants, body weight and height were measured
with the calculation of the body mass index, the concentration of Creactive protein,
pro- and anti-inflammatory cytokines in the blood serum was determined, and a pipelle
biopsy was performed to determine the CD138 expression in the endometrial stroma.
Non-parametric methods, as well as ROC analysis, were used for statistical analysis.
Results. Eighty six women were included in the re-analysis of the data, 37 of them had
a confirmed diagnosis of chronic endometritis. Statistically significantly higher values
of interleukin 1 (IL-1) concentration (p = 0.0028) and IL-1/tumor necrosis factor a ratio
(p < 0.001) were determined in women with CE and normal body weight; threshold val-
ues of these parameters were > 1.35 pg/ml (sensitivity 75 %, specificity 83 %; 95% confi-
dence interval (95% Cl): 0.88-2.15) and = 1.03 (sensitivity 85 %, specificity 78 %; 95% Cl:
0.81-1.27) respectively. Such a relationship was not revealed in women with overweight.
Conclusions. The obtained results can be the basis for conducting a larger-scale study
with determining the concentration of cytokines not only in the blood serum, but also
in the endometrium of women with CE, which will allow the development of a mini-
mally invasive method for determining the risk of the presence of chronic endometritis
in premenopausal women.
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PE3IOME

O6ocHoeaHue. XpoHuyeckuli 3HOoMempum (X3) aensgemcs socnaaumersibHbIM 3a60-
JslesaHuem Mamku, NpugoodAWUM K He8bIHAWUBAHUIO bepeMeHHOCMU U 6ecnioouro.
B ces3u ¢ 8bIcOKOU UHBA3UBHOCMbIO OCHOBHO20 Memood OudeHOCMUKU X3 U CMA3dH-
HOCMbIO K/IUHUYeCcKoU KapmuHbl A8/19emca akmyasbHol paspabomka meHee UHBA-
3UBHbIX NOOX0008 YCMAHOB/IEHUA HAIUYUA OdHHO20 3a60/1€8AHUS.

Lene uccnedosanus. YcmaHoseHue 3Ha4umol accoyuauyuu KoHyeHmpayuu npo-
U Npomuso8ocnanumesibHoIx UHMepelikuHO8 8 CbIBOPOMKeE KpOB8U C HAasU4UeM Xpo-
HUYeCcKoz20 SHOOMempuma y xeHuWuH penpoodykmuseHo20 803pacma 6e3 conymcmay-
oWUX 3HOOKPUHHbIX 3a60s1e8aHUU.

Mamepuansl u memoosl. Hacmosawuli pe-aHanau3 0aHHbIX NPOBEOEH Ha OCHOBe pe-
3y/1bMamos Kpocc-CeKYUOHHO20 UCC/Ie008AaHUSA, NPo8eOEHHO20 8 hepuod ¢ mas 2017
no dekabps 2019 2. ¢ yyuacmuem 198 xeHWUH penpodyKmusHo20 8o3pacma. Y ecex
yyacmHuy usmepaIu MAaccy mesa u pocm ¢ pac4émom uHoekca Maccel mesa, onpe-
Oesnianu KOHUeHmpayuto C-peakmugHo20 6esika, npo- U NpoMuU8o80CNAUMesIbHbIX
UUMOKUHO8 8 CbIBOPOMKe Kposu U Nposoousiu nalinesib-6uoncuto ¢ onpedesieHuem
3kcnpeccuu CD138 8 cmpome 3HOOMempus. [Jaa cmamucmuyecko2o aHaau3d uc-
Nnosib308asU Henapamempuyeckue Memoobl aHanu3sd, a makxe ROC-aHanus.
Pesynemamel. B pe-aHanu3s 0aHHbIx 8K/OHUAU 86 XeHUJUH, U3 Komopbix y 37 noo-
maeepounu duazHo3 X3. Y XeHWUH ¢ X3 Ha hoHe HopMasnbHOU Maccsl mesna ycma-
HOB8/1eHbl CMAMuUCMuUYecku 3Ha4yumo 6osiee 8bICOKUE 3HAYEHUA KOHUeHmpayuu UH-
mepnelikuHa (V1) 1 (p = 0,0028) u omHoweHus WJi-1/hakmop Hekposza onyxonu a
(p < 0,001) c nopo208bIMU 3HAYEHUAMU OAHHbIX Nnapamempos = 1,35 na/mn (4yscmau-
menbHoCcMb 75 %, cneyuguyHocme 83 %; 95%-0 dosepumeribHbili UHMepaan (95%
AN):0,88; 2,15) u = 1,03 (1yeacmsumensHocme 85 %, cneyugpuyHocme 78 %; 95% [U:
0,81; 1,27) coomsemcmaeHHO. Y XeHWUH ¢ u3bbimoyHoU maccol mesia makol 3asu-
CUMOCMU He 8bIABJIEHO.

Bb1800blI. [TosydeHHble pe3ysibmamsl Mo2ym 6bims 0CHOB0U 014 npogedeHus 60-
Jlee MacwmabHo20 Ucc1e008aHUA C yCMAHOB/IeHUeM KOHUeHmMpayuu YumoKUHO8
He MOJIbKO 8 CbIBOPOMKe KpOB8U, HO U 8 3HOOMempuu XeHWUH ¢ X3, Ymo no3eosaum
paspabomams MAanaouHB8A3ueHbeIl Memod onpedesieHUs pucka Haau4usa OaHHO20 3d-
60s1e6aHUSA Y XeHWUH penpodyKmugHO020 803pdcma.

Knrouesole cnoea: xpoHuyeckuli sSHOoMempum, uHmepnelkuH 1, pakmop Hekposa
ONyXoJ1U @, YUMOKUHbI, XpOHUYeCKoe 80cnasneHue, u3bbimo4yHas macca mena
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BACKGROUND

One of the main consequences of chronic endo-
metritis (CE) is a decrease in endometrial receptivity
against the background of inflammation, which can
subsequently cause the development of miscarriage
and infertility in women of reproductive age. This occurs
as a result of increased expression of proinflammatory
cytokines in the uterine cavity, which suppress endome-
trial growth and angiogenesis factors and lead to dys-
regulation of the decidualization processes of uterine
mucosa cells. These processes cause thinning of the en-
dometrium and reduce its ability to implant [1-3].

CE is a disease that causes difficulties for doctors,
since along with decreased receptivity and an increased
risk of infertility, this condition is very difficult to diag-
nose due to non-specific symptoms, and in some wom-
en it may not manifest itself clinically. Based on this,
it is difficult to establish the exact prevalence of this
disease in the general population. According to avail-
able data, CE occurs on average in 10-11% of women
of reproductive age [4].

To date, the most effective and reproducible
method for diagnosing CE is a pipelle biopsy to de-
termine the content of plasma cells expressing CD138
in the endometrial stroma [5, 6]. Despite the high sensi-
tivity and specificity of this research method, there are
some difficulties in its use. In particular, the procedure
for collecting endometrial samples for analysis is a mi-
nor gynecological operation and requires indications
for appointment [6, 7]. In this regard, the risk of missing
the presence of the disease in the patient is quite high.

For many years, researchers have been trying to de-
velop less invasive and more accessible methods for di-
agnosing CE, including finding a relationship between
some blood serum parameters and the presence of this
disease [8, 9]. Of particular interest are serum levels
of pro- and anti-inflammatory cytokines, since their im-
balance is recorded in the uterine mucosa of women
with CE [10]. Some researchers have found an increase
in the concentration of proinflammatory cytokines
in menstrual or venous blood in patients with CE [11].
However, these studies did not take into account ad-
ditional parameters that may affect the concentration
of cytokines in the blood, such as systemic inflamma-
tion due to the presence of concomitant diseases, in-
cluding hormonal disorders and obesity [12, 13].

Thus, the aim of this study was to establish a sig-
nificant association between the concentration of pro-
and anti-inflammatory interleukins in the blood serum
and the presence of chronic endometritis in women of re-
productive age without concomitant endocrine diseases.

MATERIALS AND METHODS

Research design
A cross-sectional study, described in detail in our
previously published works [8, 14], was conducted
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from May 2017 to December 2019. A total of 198 wom-
en of reproductive age (33.71 + 5.93 years) were exam-
ined. All participants were recruited during annual pre-
ventive examinations at the Scientific Centre for Family
Health and Human Reproduction Problems. All women
who took part in the study signed informed consent
for the examination. In working with patients, the eth-
ical principles set out in the World Medical Association
Declaration of Helsinki (1964, 2013 edition), the Federal
Law of the Russian Federation of 11-21-2011 No. 323-FZ
«On the Fundamentals of Health Protection of Citizens
in the Russian Federation» and the «Rules of Clinical
Practice in the Russian Federation», approved by Order
of the Ministry of Health of Russia dated 06-19-2003 No.
266 were observed. This study was approved by the lo-
cal Ethics Committee of the Scientific Centre for Family
Health and Human Reproduction Problems (protocol
No. 2.1 dated February 24, 2016).

The inclusion criteria for this reanalysis were:
the presence or absence of CE; the presence of data
on body mass index (BMI) and serum interleukin con-
centration. The exclusion criterion was the presence
of a concomitant diagnosis of polycystic ovary syn-
drome in patients. At the time of the study, all patients
had no signs of acute local or systemic inflammation.

Instrumental methods

Instrumental and clinical research methods have
been described in detail previously [8, 14]. Based
on the examinations conducted, BMI was calculated
for all patients, and the diagnosis of CE was established
based on the results of morphological and immunohis-
tochemical studies of endometrial samples.

Laboratory methods

Blood serum for research was obtained by centrifug-
ing tubes at 3000 rpm for 10 min. The serum was stored
indisposable Eppendorftubes atatemperature of -80°C.
Quantitative determination of the concentration
of interleukin (IL) 1, IL-6, IL-8, tumor necrosis factor (TNF)
a, interferon (INF), and C-reactive protein (CRP) was
performed using test systems of Vector-Best LLC (Russia)
on an ELx808 enzyme immunoassay analyzer (BioTek,
USA) according to the manufacturer’s instructions.

Statistical methods

The statistical analysis included descriptive sta-
tistics, testing of statistical hypotheses, ROC analysis
and determination of the odds ratio (OR). The Kolmog-
orov — Smirnov test was used to determine the prox-
imity to the normal distribution law of continuous
variables. The description of continuous variables is pre-
sented as the median and the lower and upper quar-
tiles. To test the statistical hypothesis of equivalence
in the location of two general populations for inde-
pendent random samples, the Mann — Whitney U-test
was used, and for several general populations, the Kru-
skal — Wallis test was used. To establish a correlation
between the values of the BMI and CRP parameters,



the Spearman’s rank correlation test was used. To es-
tablish the threshold values of the parameters and their
95% confidence intervals (95% ClI), the characteristic
curve analysis (ROC analysis) was performed. Sensitivity
and specificity were calculated; the area under the ROC
curve (AUC) was estimated. The OR was also calculated
for each threshold value.

RESULTS

Of the 198 participants, data from 86 women were
used for the present reanalysis according to the inclu-
sion and exclusion criteria (fig. 1).

The women were then divided into two groups
depending on the presence or absence of CE,
and the values of serum pro- and anti-inflammatory cy-
tokine concentrations, as well as their relationships be-
tween the groups, were compared (table 1).

FIG. 1.
Study design: PCOS - polycystic ovarian syndrome
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Based on the comparison results, we found statis-
tically significantly higher values of IL-1 concentration
(p = 0.0027) and IL-1/TNF-a ratio (p < 0.0001) in wom-
en with CE compared to the values of these parameters
in women in the control group.

In order to assess at what value of IL-1 concentra-
tion or IL-1/TNF-a ratio the presence of CE is observed
in women, a ROC analysis was conducted, and based
on the results we determined the threshold values
for the analyzed parameters (fig. 2).

Thus, in women with CE, the IL-1 concentration
values were = 1.3 pg/ml (sensitivity 78 %, specificity
59 %; 95% Cl: 0.76; 2.15 pg/ml), and the IL-1/TNF-a ra-
tio was > 0.89 (sensitivity 81 %, specificity 63 %; 95%
Cl: 0.69; 1.37). We also calculated the OR for the estab-
lished threshold values, which for IL-1 was 3.732 (95%
Cl: 1.503; 9.267), for the IL-1/TNF-a ratio - 6.243 (95% Cl:
2.356; 16.546).

Obstetrics and gynaecology



TABLE 1

MAIN CHARACTERISTICS AND CONCENTRATION OF INTERLEUKINS IN PREMENOPAUSAL WOMEN WITH
ORWITHOUT CHRONIC ENDOMETRITIS

Parameters

Age, years

BMI, kg/m?

IL-1, pg/ml
IL-6, pg/ml
IL-8, pg/ml
TNF-a, pg/ml

INF, pg/ml

IL-10, pg/ml

INF/IL-10
IL-6/1L-10
IL-1/IL-10
IL-8/IL-10
IL-6/TNF-a
IL-10/TNF-a

IL-1/TNF-a

Control (n =49) CE (n=37) p
38 (34;41) 39 (36; 43) 0.330
25.92(22.51;30.14) 23.84(21.05; 28.38) 0.105

Proinflammatory cytokines

0.95 (0,70; 1,85) 1.7 (1.10; 2.25) 0.0027
1.4 (0.75; 2.25) 0.9 (0.50; 2.10) 0.1640
14 (6.75; 33.00) 13 (7.30; 28.30) 0.7762
1.7 (1.30; 2.20) 1.3 (0.85; 1.85) 0.0976
0.6 (0.30; 1.05) 0.9 (0.35; 1.40) 0.1271

Anti-inflammatory cytokines
1.5(0.27; 2.25) 1.6 (0.70; 3.40) 0.3135

Relationships between pro- and anti-inflammatory cytokines

0.44 (0.145; 0.790) 0.43 (0.205; 0.89) 0.6712
1(0.52; 1.55) 0.46 (0.255; 1.435) 0.0862
0.68 (0.275; 1.465) 0.88 (0.54; 1.89) 0.1496
9.6 (5.75; 35.31) 7.5(2.58;22.00) 0.1608
0.73 (0.510; 1.820) 0.64 (0.395; 1.450) 0.5163
0.94 (0.310; 1,680) 1(0.470; 2.630) 0.1788
0.77 (0.43; 1.1) 1.19 (0.890; 2.295) <0.0001

Note. Data are presented as medians and lower and upper quartiles; p is the level of statistical significance when comparing parameter values between groups

using the Mann - Whitney test.

FIG. 2.

ROC curve of IL-1 concentration or IL-1/TNF-a ratio in premeno-
pausal women with or without chronic endometritis against the
background of normal weight or overweight: IL1 - ROC curve of
IL-1 concentration in patients with or without chronic endome-
tritis; IL1/TNF — ROC curve of IL-1/TNF-a ratio in patients with or
without chronic endometritis; the cut-off point for IL-1 concen-
tration is 1.3 (95% Cl: 0.76; 2.15); the cut-off point for IL-1/TNF-a
ratio is 0.89 (95% Cl: 0.69; 1.37)
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The low specificity of the obtained cut-off points
could be due to the fact that the groups included both
women with normal body weight and overweight
and obese women, who could have chronic inflamma-
tion against the background of elevated BMI values.
It should be noted that we did not find statistically
significant differences in BMI values in the studied
groups: 25.92 (22.51; 30.14) kg/m? in healthy women

TABLE 2

versus 23.84 (21.05; 28.38) kg/m? in patients with CE
(p = 0.105). Therefore, we further compared the val-
ues of interleukin concentrations and their ratios be-
tween women with or without CE depending on BMI.
We also assessed the concentration of CRP in the blood
as a marker of chronic systemic inflammation in over-
weight and obesity in women of the studied groups
(table 2) [15].

MAIN CHARACTERISTICS AND CONCENTRATION OF INTERLEUKINS IN PREMENOPAUSAL WOMEN WITH
ORWITHOUT CHRONIC ENDOMETRITIS DEPENDING ON BODY MASS INDEX

Control (n = 49) CE (n=37)
BMI < 25 kg/m? BMI = 25 kg/m? BMI < 25 kg/m? BMI = 25 kg/m?
Parameters (n=18) (n=31) (n=20) (n=17) p°
1 2 3 4
Age 38(33.5;41) 38 (34;41) 39 (36; 43) 39 (36;42.75) p,, = 0.4031
BMI, kg/m? 21.48(20.13; 23.29) 28.42(26.27;31.78) 21.18(20.06; 23.28) 28.79 (27.12;29.77) p,, <0.001
p,,=0.704°
p° <0.001 <0.001 p,,<0.001"
p,,=0.1069°
Proinflammatory cytokines
IL-1, pg/ml 0.8 (0.5; 1.25) 1.2(0.72; 1.9) 1.65(1.013; 2.975) 1.8(1.1; 2.15) p,,=0.0103
p,,=0.0059"
p° 0.1187 0.982 p,,=0.0024°
p,,=0.1069"
IL-6, pg/ml 0.955 (0.575; 1.825) 1.5(1.04; 2.4) 0.9 (0.425; 2.5) 0.9 (0.55; 2.1) 0.2159
IL-8, pg/ml 18.5 (6.775; 45.4) 12 (5.4; 33) 12 (7.05; 30) 14 (7.65; 28.3) 0.7762
TNF-a, pg/ml 1.8(1.325;2.4) 1.7(1.3;2) 1.3(0.8; 1.775) 14(1;2) 0.342
INF, pg/ml 0.75(0.25; 1.35) 0.6 (0.3;0.9) 0.85(0.325; 1.575) 0.9(04;1.3) 0.4036
CRP, 1U/I 1.3 (0.55; 2.20) 2.3(1.15;6.35) 0.7 (0.40; 1.90) 2.8(1.00; 3.05) p,,=0.0018
p,,=0.2803"
pb 0.0130 0.0142 p,,=0.1036"
p,,=0.5538"
Anti-inflammatory cytokines
IL-10, pg/ml 1.55(0.55; 2.3) 1.5(0.09; 2.3) 2(0.75;3.4) 1.3(0.6; 3.1) 0.6008
Relationships between pro- and anti-inflammatory cytokines
INF/IL-10 0.465 (0.215; 0.805) 0.375(0.095; 0.553) 0.385(0.178;0.618) 0.430 (0.270; 1.620) 0.3679
IL-6/IL-10 0.870 (0.658; 1.485) 0.895 (0.588; 1.615) 0.595 (0.248; 1.160) 0.440 (0.260; 2.000) 0.2020
IL-1/IL-10 0.705 (0.338; 1.833) 0.655 (0.230; 1.225) 0.610 (0.420; 2.833) 1.130 (0.690; 1.600) 04176
IL-8/IL-10 18.66 (7.95; 36.82) 8.03 (5.28; 28.06) 7.37 (2.64; 24.84) 7.50 (2.39; 20.00) 0.2687
IL-6/TNF-a 0.725 (0.545; 1.678) 0.880 (0.580; 2.190) 0.655 (0.425; 1.495) 0.640 (0.385; 1.305) 0.6363
IL-10/TNF-a 1.000 (0.410; 1.343) 0.940 (0.050; 1.880)  1.775(0.405;3,093)  0.890 (0.540; 2.425) 0.4826
IL-1/TNF-a 0.675 (0.315; 0.9475) 0.79 (0.44; 1.19) 1.260(1.015; 2.683) 1.140(0.815;2.015) p_, =0.0022
p,,=0.0011"
p 0.7619 0.2661 p,,=0.0157°
p,,=0.2661°

Note. Data are presented as medians and lower and upper quartiles; p is the level of statistical significance when comparing parameter values between groups
using the Mann - Whitney test.
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We found statistically significantly higher IL-1 con-
centration and IL-1/TNF-a ratio in women with CE re-
gardless of BMI compared to the results in women with-
out CE with normal body weight. However, we did not
find any significant differences in the values of these
parameters in women without CE and with CE against
the background of overweight and obesity. This can
be explained by the presumable presence of chron-
ic systemic inflammation in women with overweight
and obesity [15], which is confirmed by a statistical-
ly significantly elevated CRP level in such women re-
gardless of the presence of CE. In addition, in women
with overweight and obesity, we found a statistically sig-
nificant positive correlation of CRP with BMI (r = 0.495;
p < 0.001), which was absent in women with normal
body weight (r = 0.050; p = 0.763).

We next performed ROC analysis to establish risk
thresholds for the presence of CE for IL-1 or IL-1/TNF-a
ratio in women with normal body weight (fig. 3).

We found that in women with CE and normal
body weight, the IL-1 concentration was > 1.35 pg/ml
(sensitivity 75 %, specificity 83 %; 95% Cl: 0.88; 2.15),
and the IL-1/TNF-a ratio was > 1.03 (sensitivity 85 %,
specificity 78 %; 95% Cl: 0.81; 1.27). The OR for the es-
tablished threshold values was: for IL-1 - 8.167 (95%
Cl: 1.885; 35.381), for the IL-1/TNF-a ratio — 15 (95% Cl:
3.027;74.32).

FIG. 3.

ROC curve of IL-1 concentration or IL-1/TNF-a ratio in premeno-
pausal women with or without chronic endometritis against the
background of normal weight: IL1T nw - ROC curve of IL-1 concen-
tration in patients with normal weight; IL1/TNF nw — ROC curve
of IL-1/TNF-a ratio in patients with normal weight; the cut-off
point for IL-1 concentration is 1.35 (95% Cl: 0.88; 2.15); the cut-off
point for IL-1/TNF-a ratio is 1.03 (95% CI: 0.81; 1.27))

DISCUSSION

In this study, we examined the levels of pro- and an-
ti-inflammatory cytokines in the blood serum of wom-
en with and without CE, including their dependence
on BMI. Based on the results of the study, we found that
women with CE, regardless of BMI, have statistically sig-
nificantly higher values of serum IL-1 concentrations
and IL-1/TNF-a ratios. We also determined the thresh-
old values for these parameters in relation to the pres-
ence of CE using ROC analysis. However, the sensitivity
of certain threshold values of IL-1 and IL-1/TNF-a con-
centrations turned out to be relatively low, and there-
fore we decided to analyze the levels of pro- and an-
ti-inflammatory cytokines in women with and without
CE, depending on BM, since the presence of excess
body weight and obesity can provoke chronic system-
ic inflammation and affect the level of serum cytokines
[12], which can clinically manifest itself as an increase
in the level of CRP [15]. According to the analysis, we
also found a statistically significant association of higher
IL-1 and IL-1/TNF-a values with the presence of CE only
in women with normal body weight, but not in over-
weight and obese women. At the same time, in over-
weight women, regardless of the presence or absence
of CE, we found a significantly higher level of CRP than
in women with normal body weight, which indirectly
confirms the contribution of increased BMI to the de-
velopment of systemic inflammation. Subsequent ROC
analysis with the establishment of threshold values
showed more pronounced sensitivity and specificity
for certain points compared to the values established
for women without taking into account BMI. Thus, we
found that for women of reproductive age with nor-
mal body weight, CE is accompanied by an increase
in the concentration of IL-1 > 1.35 pg/ml and the value
of the IL-1/TNF-a ratio > 1.03.

Proinflammatory cytokines in the uterine mucosa
are produced by neutrophils, macrophages, and epithe-
lial cells in response to regulatory factors under phys-
iological conditions and bacterial and viral antigens
in case of a pathological process. Thus, neutrophils
in the uterine mucosa, under the influence of bacteri-
al lipopolysaccharides (LPS), can produce IFN-y, as well
as IL-12 and TNF-a. IFN-y, in turn, activates macro-
phages [16], which are located in the subepithelial stro-
ma of the endometrium and are the first to recognize
foreign antigens [17]. LPS can also directly stimulate
macrophages to produce proinflammatory IL-1(3, which
causes the secretion of human B-defensin-2 by endo-
metrial epithelial cells to resist bacterial invasion [18].
The development of inflammation in the endometrium
can also be promoted by T-helpers 1 (Th1), which pro-
duce TNF-a [19]. In addition, proteins that provide direct
stimulation of the production of proinflammatory cyto-
kines (TNF-a and IL-1pB) are expressed on epithelial cells,
monocytes and dendritic cells of the endometrium [20].
Thus, with the development of CE under the influence
of bacterial LPS and other proinflammatory factors



in the uterine cavity, the expression of cytokines re-
sponsible for the inflammatory response significantly
increases.

Proinflammatory cytokines (IL-1, IL-6, IL-8, IL15,
TNF-a) along with many hormones (estrogen, proges-
terone) and factors of decidualization and degradation
of the endometrium extracellular matrix (integrin 33,
IGFBP1 and metalloproteinases) are factors regulating
endometrial receptivity, which determines the success
of embryo implantation. In patients with CE, changes
in the expression and functioning of these factors are
noted, which can cause the development of infertility
and habitual miscarriage against the background of this
disease [3].

Thus, W.J. Wang et al. (2019) showed that the en-
dometrium of women of reproductive age with CE has
increased expression of proinflammatory IL-17 and de-
creased expression of anti-inflammatory IL-10 [2]. In our
previous studies, we found increased secretion of IL-14,
IL-4, IL-6, IL-10, as well as IFN-y and TNF-a in the endo-
metrium of women with CE compared to the results
in healthy women [21, 22]. C. Tortorella et al. (2014) also
found an increased concentration of proinflammatory
IL-1B, IL-6, and TNF-a in the menstrual blood of women
with chronic endometritis. At the same time, with re-
gard to CE screening, they revealed higher sensitivity
for such indicators as the IL-6/TNF-a and IL-6/IL-1( ra-
tios [23].

Currently, the most effective and reproducible
method for diagnosing CE is the detection of CD138+
cells in the endometrial stroma during a Pipelle biopsy
[5]. Despite the high sensitivity and specificity of this di-
agnostic method, it has a number of limitations. In par-
ticular, a Pipelle biopsy is a minor gynecological opera-
tion, and its use requires indications. At the same time,
it is known that CE can often be asymptomatic. Such
difficulties necessitate the search for new, less invasive
methods for diagnosing CE [4, 6, 71.

Thus, some researchers have attempted
to identify an association between the level of cytokines
in the blood serum and the presence of CE. According
to the results of the study by L.V.Tkachenko et al. (2020),
an increase in the concentration of proinflammatory
cytokines was found in uterine cavity aspirates, as well
as in the blood serum of women with CE: IL-1(, IL-2, IL-6,
TNF-a and IFN-y [10]. I.P. Koltsov et al. (2011) recorded
increased secretion of IL-8 by blood monocytes in wom-
en with chronic endometritis [24]. Yu.A. Sorokin et al.
(2022) in a study of the effectiveness of CE treatment
by introducing cavitated 0.9% sodium chloride solution
into the uterine cavity revealed statistically significant-
ly higher serum values of IL-13 (7.65 [6.3-8.98] vs. 1.22
[0.99-1.45]; p < 0.05) and TNF-a (2.75 [1.42-4.08] vs.
1.48 [1.29-1.67]; p < 0.05) in patients of reproductive
age with CE compared to the values of similar parame-
ters in women without CE [25]. These results are partial-
ly consistent with the data of our study that in women
with CE, the concentration of IL-1 in the blood serum
is > 1.3-1.35 mg/ml.
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Serum cytokine levels can change under
the influence of not only local but also systemic
inflammation. One of the common causes of chronic
systemic inflammation is obesity. Thus, obese people
may have elevated levels of proinflammatory cytokines
in the blood serum [12], as well as CRP [15]. Based
on this fact, we analyzed the levels of proinflammatory
cytokines in women of reproductive age
with or without CE depending on the body mass index.
As a result, we found that an increase in the serum
level of the proinflammatory cytokine IL-1 and the IL-1/
TNF-a ratio is statistically significant only in the group
of women with CE against the background of normal
body weight. At the same time, a significant increase
in the CRP level was observed only in overweight
and obese women, regardless of the presence of CE.
This may indirectly confirm the contribution of excess
body weight to the development of chronic systemic
inflammation, expressed in a relative increase in the CRP
level.

The advantage of this study is that the level
of interleukins in women with CE was assessed, among
other things, taking into account BMI and CRP levels,
since overweight and obesity can provoke chronic
systemicinflammation [12, 15]. Also, one of the exclusion
criteria was the presence of polycystic ovary syndrome
in patients, since this disease is also associated
with systemic inflammation and can affect serum
cytokine levels [13]. The disadvantages of this
study include the small patient sample size, which
does not allow extrapolating the research results
to the general population. Also, the lack of data
on the levels of proinflammatory cytokines directly
in the endometrial tissues with the determination
of their correlation with the concentration of cytokines
in the blood serum does not allow us to fully assert
that the established patterns in the form of increased
levels of IL-1 and the IL-1/TNF-a ratio are directly related
to the presence of CE in patients. In addition, we did not
assess the presence of other chronic diseases in patients
that may be accompanied by the development
of chronic systemic or local inflammation, which
could have influenced the analysis results of the level
of interleukins and CRP in the examined patients.

CONCLUSION

The conducted reanalysis of the cross-sectional
study data of women of reproductive age with or without
CE revealed a significantly higher serum concentration
of IL-1 and higher values of the IL-1/TNF-a ratio
in patients with CE against the background of normal
body weight compared to the results in healthy patients
with normal body weight with the establishment
of threshold values of these parameters. At the same
time, we did not find significant changes in the level
of serum cytokines in patients with or without CE against
the background of overweight and obesity, which can

Obstetrics and gynaecology



be explained by the presence of systemic inflammation
in them, which also affects the level of pro- and anti-
inflammatory cytokines. The absence of a significant
change in IL concentrations in patients of this group
may be associated with dysregulation of the immune
response against the background of overweight
and obesity associated with an increased level of CRP.

Thus, it is necessary to conduct additional
studies with a larger sample size, as well as assessing
the level of cytokines not only in the blood serum,
but also in the endometrium of women with or without
CE to confirm the obtained results and identify
a direct relationship between the studied parameters
in the blood serum and endometrium. This will allow
developing new a new method of minimally invasive
diagnostics or determining the risk of CE in women
of reproductive age.
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