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ABSTRACT
BACKGROUND: To date, there are no available screening techniques allowing to distinguish groups of women with the risk 
of endometriosis. Therefore, many researchers are searching for meaningful biomarkers for non-invasive diagnosis. The 
peritoneal fluid is subject to multidirectional changes in patients with external genital endometriosis, although its sampling 
requires invasive procedure. Testing of the inflammatory markers in saliva is a simple and safe method of particular interest, 
given that its sampling is non-invasive.
AIM: To assess the correlations between the level of inflammatory biomarkers in the peritoneal fluid and saliva in patients with 
ovarian endometriosis.
MATERIAL AND METHODS: A prospective cohort comparative study of 46 women with ovarian endometriosis was carried 
out. Inclusion criteria: confirmed diagnosis of ovarian endometriosis; age between 18 and 40 years; written informed consent 
for surgical intervention and for participation in the study; no prior hormonal treatment. Non-inclusion criteria: patient's refusal 
to participate in the study; age below 18 and above 40 years; contraindications for surgical treatment; oral inflammatory 
diseases. Patients were excluded if the diagnosis could not be visually confirmed during surgery or if there were histological 
discrepancies. All patients underwent laparoscopic cystectomy. Peritoneal fluid samples were collected during surgery. Mixed 
unstimulated saliva was collected before surgery in the morning, on an empty stomach. The levels of interleukins and of 
vascular endothelial growth factor were assessed in biological fluids.
RESULTS: The mean age of the study subjects was 32,4±6,1 years. Correlation analysis showed a direct statistically significant 
moderate relationship between the levels of IL-6 (r=0.548; p=0.001) and IL-8 (r=0.360; p=0.026) in the peritoneal fluid and 
saliva, respectively.
CONCLUSION: These data suggest that the onset and progression of endometriosis are associated with the increase 
of inflammatory cytokine levels both in the peritoneal fluid and in saliva. This may serve a potential tool for diagnosis and 
assessment of the severity of endometriosis. Evaluation of IL-6 and IL-8 levels in saliva may be useful in clinical practice in 
patients with external genital endometriosis.
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АННОТАЦИЯ
Обоснование. На сегодняшний день не существует доступных скрининговых методик, позволяющих выделить группы 
риска женщин по эндометриозу, поэтому многие исследователи ведут поиск высокоинформативных маркеров для не-
инвазивной диагностики. Перитонеальная жидкость подвержена разнонаправленным изменениям при наружном ге-
нитальном эндометриозе, но её получение является инвазивной процедурой. Особый интерес представляет исследо-
вание слюны на содержание воспалительных маркеров, поскольку её получение является неинвазивной процедурой, 
относится к простым и безопасным методам.
Цель. Оценить наличие корреляционных зависимостей между концентрацией воспалительных маркеров в перитоне-
альной жидкости и слюне при эндометриоидном поражении яичников.
Материал и методы. Проведено проспективное когортное сравнительное исследование 46 женщин с эндометрио-
идными кистами яичников. Критерии включения: подтверждённый диагноз «эндометриоз яичников»; репродуктив-
ный возраст (18–40 лет); согласие пациентки на оперативное вмешательство и на участие в исследовании; отсутствие 
гормонального лечения до операции. Критерии невключения: отказ пациентки от участия в исследовании; возраст 
младше 18 и старше 40 лет; противопоказания к оперативному лечению; воспалительные заболевания ротовой поло-
сти. Критерии исключения: отсутствие визуального подтверждения диагноза при оперативном вмешательстве и по ре-
зультатам гистологического исследования. Всем пациенткам была проведена лапароскопическая кистэктомия. Образ-
цы перитонеальной жидкости были собраны во время оперативного вмешательства. Смешанную нестимулированную 
слюну собирали накануне операции утром, натощак. В биологических жидкостях оценивали уровень интерлейкинов 
и васкулоэндотелиального фактора роста.
Результаты. Средний возраст пациенток, участвовавших в исследовании, составил 32,4±6,1 года. Корреляционный 
анализ показал прямую статистически значимую связь (средней силы) между концентрациями в перитонеальной жид-
кости и слюне IL-6 (r=0,548; p=0,001) и IL-8 (r=0,360; p=0,026).
Заключение. Полученные результаты позволяют предположить, что при возникновении и прогрессировании эндоме-
триоза не только в перитонеальной жидкости, но и в слюне увеличивается концентрация воспалительных цитокинов, 
которые могут быть потенциальным инструментом для диагностики и оценки степени тяжести эндометриоза. Оценка 
IL-6 и IL-8 в слюне может быть полезной в клинической практике при наличии у пациентки наружного генитального 
эндометриоза.
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摘要

背景。背景。目前尚无有效的筛查方法能够识别女性子宫内膜异位症的高风险群体，因此许多研究

者正在探索非侵入性诊断的高信息量标志物。虽然腹膜液在外生殖器子宫内膜异位症中发生

多方向变化，但其采集需通过侵入性操作。相比之下，唾液炎症标志物的研究因其采集方式

非侵入、简单且安全，具有特别的研究价值。

研究目的。研究目的。评估卵巢子宫内膜异位病变患者腹膜液与唾液中炎症标志物浓度之间的相关性。

材料与方法。材料与方法。对46名卵巢子宫内膜囊肿患者进行了前瞻性队列比较研究。纳入标准包括：

确诊卵巢子宫内膜异位症；生育年龄（18~40岁）；患者同意手术和参与研究；术前未接受

激素治疗。排除标准包括：患者拒绝参与研究；年龄小于18岁或大于40岁；存在手术禁忌

症；口腔炎症性疾病。排除病例为：手术和组织学检查未能确认诊断的患者。所有患者均接

受腹腔镜囊肿切除术，并在手术中采集腹膜液样本。术前清晨空腹采集混合的非刺激性唾

液样本。对生物液体中的白细胞介素（Interleukin，IL）和血管内皮生长因子（Vascular 

Endothelial Growth Factor，VEGF）水平进行了评估。

结果。结果。参与研究患者的平均年龄为32.4±6.1岁。相关性分析显示，腹膜液与唾液中IL-6

（r=0.548；p=0.001）和IL-8（r=0.360；p=0.026）浓度之间存在中等强度的正相关性，且

具有统计学显著性。

结论。结论。研究结果表明，在子宫内膜异位症的发生和进展过程中，不仅腹膜液中炎症细胞因子

的浓度增加，唾液中的浓度也随之升高。这些炎症细胞因子可能成为诊断和评估子宫内膜异

位症严重程度的潜在工具。唾液中IL-6和IL-8的检测在外生殖器子宫内膜异位症患者的临床

实践中具有重要意义。

关键词：关键词：子宫内膜异位症；内膜囊肿；白细胞介素；唾液；生物标志物。
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Fig. 1. Study design: PF — peritoneal fluid.

BACKGROUND
Endometriosis is one of the most common gynecological 

diseases in women of childbearing age. Endometriosis 
is estimated to affect 176  million women worldwide 
(approximately 10% of women of childbearing age) [1, 2]. 
This condition can cause severe dysmenorrhea, severe 
dyspareunia, chronic pelvic pain, infertility, bowel and bladder 
symptoms, and chronic fatigue [1, 3, 4]. In addition, the 
symptom severity often does not correspond to the disease 
severity. Symptoms of endometriosis have detrimental 
effects on women’s functional status and physical, mental, 
social, and sexual well-being [4, 5].

Endometriosis significantly reduces fertility in women 
of childbearing age, alters abdominal parameters due to 
inflammatory reactions, and affects the pelvic anatomy. 
Up to half of people with endometriosis struggle to get 
pregnant [4, 6]. Many theories attempt to explain the 
development of endometriosis, but none is considered 
definitive. Endometrial-like cells can implant outside the 
uterus and respond to ovarian estrogen stimulation, causing 
inflammatory changes at the site of invasion, followed by 
scarring of the surrounding tissue and adhesion [7]. Ectopic 
endometrioid aggregates secrete chemokines into the 
surrounding tissue and recruit immune cells, which in turn 
secrete cytokines and growth factors such as TNF-α (tumor 
necrosis factor α), IL-1β (interleukin 1β), IL-6 (interleukin 6), 
IL-8 (interleukin  8), IL-17 (interleukin 17), FGF (fibroblast 
growth factor), and VEGF (vascular endothelial growth factor), 
creating a specific local microenvironment that contributes to 
the reciprocal interaction with the peritoneal fluid (PF) [8–10]. 
Some publications have addressed the issue of diagnosing 
endometriosis, but it is still poorly understood. The lack of 
simple, accessible, and affordable screening techniques 
impedes the identification of at-risk women who need in-
depth diagnosis. However, early recognition and diagnosis 
are key to timely treatment and prevention of the adverse 
effects of the advanced endometriosis [11, 12].

Of all the biological fluids, PF is the most susceptible to 
multidirectional changes in external genital endometriosis, 
since it is in direct contact with its lesions and both influences 
endometrioid heterotopias and changes under their influence. 
Previous studies have demonstrated the clinical diagnostic 
value of PF levels of various interleukins and VEGF [13]. 
However, PF sampling is an invasive and expensive 
procedure associated with certain risks that preclude its use 
as a screening technique and significantly limit its diagnostic 
value. Of course, it would be better to develop a reliable, 

ideally inexpensive and non-invasive test for diagnosing 
endometriosis with high sensitivity and specificity [11].

In this regard, specific attention should be paid to testing 
easily accessible biological fluids, especially saliva, for 
inflammatory markers [14, 15]. Saliva contains a high number 
of proteins, peptides, enzymes, electrolytes, hormones, 
antibodies, and cytokines from systemic and local sources 
and therefore can be used for diagnosis of various diseases 
and evaluation of their progression. Saliva collection is a 
simple and safe non-invasive procedure. We believe that 
the research of the saliva inflammatory profile is one of 
the most promising areas in the diagnosis and screening of 
endometriosis.

Study Aim. The aim of the study was to evaluate 
correlations between PF and salivary levels of inflammatory 
markers in patients with ovarian endometriosis.

MATERIALS AND METHODS

Study design
A prospective, observational, comparative cohort study 

enrolled 46 women of childbearing age with confirmed cystic 
ovarian endometriosis. Figure 1 shows the study design.

Eligibility criteria
Inclusion criteria were as follows: 1) diagnosis of ovarian 

endometriosis; 2) childbearing age (18–40 years); 3) patient 
consent for surgery and study participation; 4) no hormonal 
treatment prior to surgery.

Non-inclusion criteria were as follows: 1) patient 
refusal to participate in the study; 2) age under 18 years or 
over 40  years; 3) contraindications to surgical treatment;  
4) inflammatory diseases of the oral cavity.

Exclusion criteria were the lack of diagnosis confirmation 
by intraoperative visual assessment and/or by histology.

Study setting
The study enrolled women who were residents of 

Yekaterinburg (Russia) and who underwent surgery in 
2022–2023 in the Gynecology departments of the Sverdlovsk 
Regional State Autonomous Healthcare Institutions “City 
Clinical Hospital No. 40” and “City Clinical Hospital No. 14.”

Study duration
The planned duration of the enrollment period was 

12  months. The study did not include post-operative  
follow-up.
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Intervention description
Clinical (medical history, gynecologic examination), 

laboratory tests, ultrasound, endoscopy, and histology were 
used to achieve the aim of the study. Saliva was obtained the 
day before surgery. The PF was obtained intraoperatively.

After insertion of a videoendoscope into the abdominal 
cavity, the pelvic organs (peritoneum, fallopian tubes, 
uterus, ovaries, uterine ligaments, rectouterine pouch) were 
examined. Endometrioid heterotopias were visualized and 
their location and color were identified, as well as the severity 
of external genital endometriosis using the revised American 
Fertility Society (r-AFS) classification (1985; renamed later 
American Society for Reproductive Medicine’s classification, 
ASRM classification). Small trocars were then inserted into 
the abdomen. One was used to insert a surgical aspiration 
tube into the rectouterine pouch prior to any manipulation. 
A sterile disposable syringe was attached to the end of the 
tube to collect PF from the rectouterine and other peritoneal 
pouches. The syringe PF was then transferred to a 5  mL 
Eppendorf test tube.

Mixed unstimulated saliva was collected after rinsing the 
mouth with water in the morning on the day before surgery 
in the fasting and resting state. Patients were asked to keep 
their head down in a seated position, refrain from swallowing 
any saliva and moving their tongue or lips during the entire 
saliva collection process. Saliva was allowed to accumulate 
in the oral cavity for two minutes and then transferred to a 
SalivaCapsSet tube by spitting out the entire contents. All 
samples obtained were labeled no later than 4  hours after 
the collection, placed in a cold chamber and stored at -40°C 
in a biobank of the Central Research Laboratory of the Ural 
State Medical University. Biological material was thawed and 
centrifuged in a TsLMN-R10-01-Elekon laboratory centrifuge at 
1,500 rpm for 10 minutes prior to testing. Immunochemistry of 
saliva and PF included determination of IL-1β, IL-6, IL-8, IL-10, 
TNF, VEGF by heterogeneous enzyme-linked immunosorbent 
assay using Vector BEST test systems (Russia). The analysis 
was performed using a system consisting of a Thermo 
Scientific Multiskan GO (Japan) plate enzyme immunoassay 
analyzer, a Thermo Scientific Wellwash (Japan) washer, and 
an Elmi shaker-thermostat (ST-3L, Latvia).

Main study outcome
The main study outcome was to assess the strength of 

the correlation between PF and salivary levels of cytokines.

Group analysis
The study group included 46 patients of childbearing age 

with histologically confirmed cystic ovarian endometriosis.

Methods for registration of outcomes
To report the main study outcome, correlation analysis 

for nonparametric quantitative data was performed using 
the Spearman’s correlation coefficient, with the strength of 
association assessed using a Chaddock scale.

Ethical review
The study was approved by the local ethics committee 

of the Ural State Medical University (Protocol No.  11 dated 
24 December 2021).

Statistical analysis
Statistical data were processed using the Jamovi licensed 

package (The Jamovi project, version 2.3 https://www.jamovi.
org). For quantitative parameters, descriptive statistics 
such as median (Me) and interquartile range (Q1–Q3) were 
calculated as the distribution was not normal. The relationship 
between parameters for nonparametric quantitative data was 
assessed using the Spearman’s correlation coefficient, with 
the strength of association assessed using the Chaddock 
scale. The association was considered insignificant at <0.1, 
weak at 0.1–0.3, moderate at 0.3–0.5, relatively strong at 
0.5–0.7, strong at 0.7–0.9, and very strong at 0.9–0.99. The 
results were considered statistically significant at p<0.05.

RESULTS

Participant characteristics
Forty-six patients with cystic ovarian endometriosis were 

examined. The mean age of patients enrolled in the study was 
32.4±6.1  years. All study participants were Caucasian and 
residents of the Sverdlovsk region.

Primary findings
Table 1 shows the PF and salivary levels of IL and VEGF.
Salivary levels of TNF-α were in most cases below 

the sensitivity threshold of the test system (<0.1  pg/mL). 
Therefore, a correlation between salivary and PF levels of 
TNF-α could not be assessed. Table 2 shows the analysis of 
the correlation between other parameters.

Correlation analysis showed a direct statistically 
significant association (moderate strength) between salivary 
and PF levels of IL-6 (r=0.548; p=0.001) and IL-8 (r=0.360; 
p=0.026). Figure 2 graphically shows a statistically significant 
correlation.

DISCUSSION
The cytokine profile of various biological fluids, especially 

PF, is altered in ovarian endometriosis. We demonstrated a 
significant correlation between PF and salivary levels of IL-6 
and IL-8. In the future, salivary cytokine levels may be used 
as a non-invasive diagnostic test for endometriosis.

Chronic inflammation plays a key role in the 
development and progression of endometriosis; both pro- 
and anti-inflammatory cytokines are involved in the disease 
pathogenesis [9]. Analysis of the cytokine profile in patients 
with cystic endometriosis demonstrated a weak positive 
direct correlation between PF and salivary levels of IL-1β 
(although the correlation coefficient in our study did not 

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ
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achieve statistically significant levels). IL-1β is a potent pro-
inflammatory cytokine produced primarily by monocytes and 
macrophages. There are some physiological and pathological 
effects attributed to IL-1β that may be associated with 
endometriosis. IL-1β induces prostaglandin synthesis and 
stimulates fibroblast proliferation, collagen deposition and 
fibrinogen formation, which could contribute to the fibrosis 
and adhesion formation associated with endometriosis [16]. 
In addition, IL-1β stimulates B-cell proliferation and antibody 
production, which could be related to the autoantibodies 
associated with the disease IL-1β also stimulates IL-2 
secretion by T  cells and NK cells, which in turn can induce 
NK proliferation and T-cell growth [17].

IL-6 is the most investigated interleukin concerning 
endometriosis [18]. It is secreted in response to injury 
by various immune cells and participates in several 
immunological mechanisms. Many studies have demonstrated 
higher IL-6 levels in serum, PF and follicular fluid in patients 
with endometriosis compared to healthy women. IL-6 is a 
macrophage activator that enhances angiogenesis, promotes 
endometrial cell proliferation, and may regulate its immune 
environment. Therefore, elevated IL-6 levels are thought to 
contribute to endometriosis-associated infertility. IL-6 family 
proteins, especially leukemia inhibitory factor, also play an 
important role in the early stages of implantation, and one 
hypothesis is that their decreased expression may cause 
endometriosis-associated infertility [18–20]. A direct correlation 
between salivary and PF levels of IL-6 was demonstrated.

IL-8 also plays an important role in the development and 
progression of endometriosis [11]. Our study demonstrated 
a statistically significant positive correlation between PF 
and salivary levels of IL-8. IL-8 is a potent angiogenic, pro-
inflammatory and cell proliferative cytokine found in the 
PF of patients with endometriosis. IL-8, which promotes 
endometrial cell adhesion, is secreted by leukocytes, 
macrophages, and endothelial cells stimulated by IL-1β or 
TNF-α. Studies evaluating IL-8 levels in the PF found higher 
IL-8 levels in patients with endometriosis associated with 
infertility [21].

TNF-α levels are also being actively investigated in 
patients with endometriosis [13]. However, our study showed 

low salivary levels of TNF-α. In most cases, it was below the 
sensitivity threshold of the test system. Therefore, currently, 
it does not seem promising to measure salivary levels of 
TNF-α.

IL-10 is an anti-inflammatory interleukin produced by 
type-2 T helpers [13]. We found a positive direct correlation 
between PF and salivary levels of IL-10, but it was not 
statistically significant. In addition, in many cases, salivary 
levels of IL-10 were below the sensitivity threshold of the 
test system.

VEGF plays an important role in the neovascularization of 
new endometriotic implants [22]. A negative relationship was 
found between PF and salivary levels of VEGF, but it was not 
statistically significant.

Our findings for inflammatory markers are largely 
consistent with those of other investigators [8, 13]. 
Detectable salivary levels of inflammatory markers are 
relatively high, sometimes higher than blood levels, 
indicating the unique role of saliva in the assessment of 
inflammatory markers [23, 24]. However, we did not find 
any medical research showing an association between 
salivary levels of inflammatory markers and endometriosis. 
The significant correlation between PF and salivary levels 
of inflammatory cytokines that we found in women with 
cystic ovarian endometriosis suggests the use of these 
markers as a non-invasive diagnostic test for external 
genital endometriosis. Salivary levels of IL-6 and IL-8 are 
the most promising tests in this regard.

Table 1. IL and VEGF levels (pg/ml) in peritoneal fluid and saliva

Parameter
Peritoneal fluid Saliva

Ме Q1–Q3 Ме Q1–Q3

VEGF 239.5 184.2–313.6 963.6 242.6–1890.0

IL-1β 0.164 0.164–0.164 88.5 28.8–235.8

IL-6 29.4 6.3–128.4 0.726 0.726–0.726

IL-8 21.9 8.8–153.6 127.9 79.1–208.7

IL-10 16.9 8.4–27.6 0.42 0.20–0.63

TNF-α 3.7 3.7–3.7 0.01 0.01–0.01

Table 2. Correlation between the levels of study parameters  
in peritoneal fluid and saliva

Parameter r p

VEGF -0.130 0.436

IL-1β 0.100 0.546

IL-6 0.548 0.002*

IL-8 0.360 0.026*

IL-10 0.234 0.158

* Тhe differences are statistically significant (p <0,05).
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Fig. 2. Correlations of IL-6 (А) and IL-8 (В) levels in the peritoneal fluid and saliva

Study limitations
Based on our data, the use of a larger sample may 

yield statistically significant results for other parameters. A 
limitation of our study is the lack of a control group, since 
it is not ethical to refer healthy women for laparoscopy to 
obtain PF.

CONCLUSION
Our findings suggest that with the development and 

progression of endometriosis, levels of inflammatory 
cytokines increase in both PF and saliva and may be used to 
diagnose and assess the severity of endometriosis. Salivary 
levels of IL-6 and IL-8 can be used in clinical practice in 
patients with external genital endometriosis.
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