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Abstract

Background The purpose of this systematic review and meta-analysis was to compile existing evidence on the sig-
nificance of the NLR in predicting endometriosis in order to aid clinical decision-making and outcomes.

Methods We searched ProQuest, Web of Science, and PubMed for related studies published before January 2, 2023.
Standardized mean difference (SMD) with a 95% confidence interval (Cl) was reported for each outcome. Because

a significant level of heterogeneity was found, we used the random-effects model to calculate pooled effects. We
used Newcastle-Ottawa Scale (NOS) for quality assessment.

Results Overall, 18 article with were included in the analysis. A random-effect model revealed that patients

with endometriosis had elevated levels of NLR compared to healthy controls (SMD=0.79, 95% Cl=0.33 to 1.25,
P<0.001). Patients with endometriosis had elevated levels of NLR compared to those with other benign tumors
(SMD=0.85,95% CI=0.17 to 1.53, P=0.014). In addition, NLR level of patients with stage Ill and IV endometrio-

sis was not different from that of patients with stage | and Il endometrioma (SMD =0.30, 95% Cl=-0.14 t0 0.74,
P=0.18). However, NLR level was not different between endometriosis patients with and without peritoneal lesions
(SMD=-0.12,95% CI=-0.34t0 0.10, P=0.28), between patients with and without endometrioma (SMD=0.20, 95%
Cl=-0.15t0 0.55, P=0.26) and between endometriosis patients with and without deep lesions (SMD =0.04, 95%
C1=-0.20t0 0.28, P=0.72). The pooled sensitivity of NLR was 0.67 (95% Cl=0.60-0.73), and the pooled specificity
was 0.68 (95% Cl, 0.62-0.73).

Conclusions NLR might be utilized in clinics as a possible predictor to help clinicians diagnose endometriosis
in affected women.
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Background

The existence of endometrial tissue outside the uterine
cavity is known as endometriosis. In the general popu-
lation, endometriosis is thought to affect 10 to 15% of
people, and it may affect up to 70% of women who have
chronic pain in the pelvic region [1-3]. Endometriosis
patients often have infertility and dysmenorrhea, dras-
tically reducing their quality of life [2]. Yet, there is not
a uniform approach in dealing with these symptoms,
and the illness can recur even after undergoing appro-
priate surgical procedures or using medications [4, 5].
Notably, surgery can be conceptualized as a cytore-
ductive approach aimed at eradicating the condition,
yet endometriosis recurrence remains plausible. Con-
versely, medical treatment works by suppressing endo-
metriosis. In a similar yet distinct manner, if medical
treatment is stopped, the illness might become active
again [6].

However, even when assisted reproductive technol-
ogy (ART) enables a pregnancy, the profound emo-
tional distress associated with infertility persists,
particularly when considering the challenging hor-
monal therapies women undergo [7, 8]. Gynecological
ailments like endometriosis might contribute to the
emergence of anxiety and depression in these women
[9]. Nonetheless, the comprehensive ART route can
amplify substantial psychological distress for both gen-
ders, particularly in scenarios marked by iterative dis-
appointments [10]. The particular medical conditions
that hinder the occurrence of spontaneous pregnancy
can serve as targeted psychological risk elements,
shaping the paths of individual and couple develop-
ment. These challenges encompass issues like anxiety
and depressive disorders, and tendencies toward self-
blame [11, 12]. Additionally, the sexual life of women
is adversely affected [13].

There is significant patient diversity regard-
ing illness phenotype and related symptom sever-
ity. Although abnormally high levels of estrogen and
chronic inflammation are prominent symptoms of
endometriosis, the underlying cause of the illness
remains unclear [1]. This is due to the disease’s mul-
tifactorial and complex character, which has already
been linked to hormonal, genetic, immunological,
and environmental variables [14]. Understanding the
pathogenesis of endometriosis and attempting to avoid
it, is one of the primary issues of contemporary gyne-
cology. The most generally acknowledged explanation
of endometrial lesion development to date is that while
menstruation, cells and tissues of endometrium retract
into the fallopian tubes and attach to the structures of
the pelvic, resulting in discomfort, fibrosis, and also an
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inflammatory response [15-18]. Numerous inflamma-
tory indicators, such as interleukins, neutrophils, and
neutrophil to lymphocyte ratio (NLR), are raised in
severe endometriosis because of the chronic inflam-
matory course of the disease [19-21]. In particular,
the NLR has been suggested as a straightforward and
practical prognostic and diagnostic biomarker for sev-
eral illnesses [22-39]. Without early management and
a precise diagnosis, endometriosis may become an
emerging gynecological problem and cause infertility
and dysmenorrhea.

As new studies on NLR’s utility in endometrio-
sis accumulate, a systematic review to assist clinical
decision-making is necessary. The goal is to compre-
hend what an increased ratio means for a patient with
endometriosis in order to implement early therapies
and enhance outcomes. As far as we know, there are
no systematic reviews on using NLR in this setting in
the available literature. The purpose of this system-
atic review and meta-analysis was to compile existing
evidence on the significance of the NLR in predicting
endometriosis in order to aid clinical decision-making
and outcomes.

Materials and methods

Search strategy, eligibility criteria, and study selection

The keywords "endometriosis,” "NLR," and "neutrophil
to lymphocyte ratio” were used in combination to per-
form a thorough search of articles in online databases
like Web of Science, PubMed, and ProQuest from their
establishment before January 2, 2023. Two research-
ers independently evaluated the relevancy of abstracts.
Then, they separately reviewed the full texts of the rel-
evant articles. The following were the requirements
for eligibility: (1) evaluation of NLR; (2) comparison of
endometriosis-affected and unaffected human partici-
pants; (3) cross-sectional or case—control design; and
(4) full-text publications.

The references of the retrieved publications and
reviews were also examined to discover further related
articles. A third researcher arbitrated any disagreements
that arose between the reviewers. To rate the quality of
each research, we employed the Newcastle—Ottawa scale
(NOS). The NOS assessed the following elements: selec-
tion of the cohort, and comparability of groups.

Statistical analysis

Standardized mean differences (SMDs) were employed
to compare NLR levels between healthy controls and
patients with endometriosis and also to create for-
est plots of continuous data. Statistical significance was
defined as p<0.05, and 95% confidence intervals (Cls)
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were reported. The mean and standard deviation values
were extrapolated from the median and IQR/range values
in three studies, as previously explained [40].

The Q statistic was used to assess the heterogene-
ity of SMD across studies (significance level at p<0.10).
Additionally, the I? statistic, a quantitative indicator of
study inconsistency, was calculated. I? values below 25%,
between 25 and 50%, between 50 and 75%, and above 75%
indicated no heterogeneity, moderate, high, and extreme
heterogeneity, respectively. Since there was substantial
heterogeneity, the pooled SMD and corresponding 95%
confidence intervals were calculated using a random-
effects model.

The command "metandi” was used to calculate the
diagnostic odds ratio (DOR), pooled specificity, specific-
ity, positive likelihood ratio, and negative likelihood ratio.
A summary receiver operating characteristic (SROC)
curve was also developed.

To assess the existence of possible publication bias, the
relationships between the size of the study and the mag-
nitude of effect were assessed using Egger’s regression
asymmetry test at the p<0.05 level of significance. Stata
14 was used for statistical analysis (STATA Corp., Col-
lege Station, TX, USA). Last but not least, our research
complied completely with the Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Results

Search results and included studies

In the initial search, we found a total of 272 results, and
among them, 18 papers were included after multiple
stags of screening [22-39], shown in Fig. 1.

Characteristics of the population and quality assessment

In total, 18 articles were included in the analysis [22-39],
including 2507 patients with endometriosis and 2179
healthy controls. Seventeen of the included studies com-
pared patients with endometriosis with healthy controls
[22-36, 38, 39], five of them compared patients with endo-
metriosis and those with other benign tumors [25, 26, 29,
34, 38], three of them compared endometriosis patients
with and without deep lesions [30, 31, 37], two of them
compared endometriosis patients with and without peri-
toneal lesions [31, 37], four study compared endometrio-
sis patients with and without endometrioma [30, 31, 37,
39], and four studies compared patients with stage III and
IV endometriosis with those with stage I and II endome-
trioma [31, 32, 36, 37]. Six studies conducted receiver oper-
ating characteristic (ROC) curve analysis [25, 26, 32, 35,
36, 38]. Four of them were prospective [28, 29, 31, 32] and

] [ Identification of studies via other methods }

[ Identification of studies via databases and registers
g Records identified from*: Records removed before Records identified from:7
‘5 PubMed (n = 41) screening: ghtatwn searching (n =
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P
} l
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Fig. 1 PRISMA 2020 Flow diagram for new systematic reviews which includes searches of databases, registers and other sources
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others were retrospective. Five of them were on East Asian
patients [23-25, 29, 38] and others were on Caucasian
patients. Check out Table 1 for overall characteristics and
quality scores of the included articles. Table 2 shows the
exclusion criteria of included studies.

Differences in NLR Level between patients

with endometriosis and healthy controls

Patients with endometriosis had elevated levels of
NLR compared to healthy controls (SMD=0.79, 95%
CI=0.33 to 1.25, P<0.001, Fig. 2).

In the subgroup analysis according to study design,
we found that patients with endometriosis had elevated
levels of NLR compared to healthy controls in retro-
spective studies (SMD=0.75, 95% CI=0.20 to 1.31,
P=0.007), but not in prospective studies (SMD =0.90,
95% CI=-0.21 to 2.00, P=0.11, Fig. 3).

In the subgroup analysis according to ethnicity, we
found that NLR is higher in patients with endometriosis
compared to healthy controls among either East Asian
(SMD=1.61, 95% CI=0.31 to 2.91, P=0.015) or Cau-
casian (SMD=0.39, 95% CI=0.19 to 0.59, P<0.001)
ethnicity (Fig. 4).

Differences in NLR Level between patients

with endometriosis and other benign tumors

Patients with endometriosis had elevated levels of
NLR compared to those with other benign tumors
(SMD =0.85, 95% CI=0.17 to 1.53, P=0.014, Fig. 5).

In the subgroup analysis according to study design,
we found that patients with endometriosis had ele-
vated levels of NLR compared to those with other
benign tumors in prospective study (SMD=1.72, 95%
CI=1.35 to 2.09, P<0.001), but not in retrospective
studies (SMD=0.64, 95% CI=-0.15 to 1.42, P=0.11,
Fig. 6).

In the subgroup analysis according to ethnicity, we
found that NLR is higher in patients with endometrio-
sis compared to those with other benign tumors among
East Asian ethnicity (SMD =1.44, 95% CI=1.01 to 1.87,
P<0.001), but not among Caucasian (SMD =-0.10, 95%
CI=-1.88 to 1.68, P=0.91) ethnicity (Fig. 7).

Differences in NLR Level between patients with different
types of endometriosis
There were not any differences in NLR levels between
endometriosis patients with and without deep lesions
(SMD =0.04, 95% CI=-0.20 to 0.28, P=0.72, Fig. 8).
NLR level was not different between endome-
triosis patients with and without peritoneal lesions
(SMD =-0.12, 95% CI=-0.34to 0.10, P=0.28, Fig. 9).
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NLR level was not different between endometriosis
patients with and without endometrioma (SMD =0.20,
95% CI=-0.15 to 0.55, P=0.26, Fig. 10).

Differences in NLR Level between patients with different
stages of endometriosis

NLR level of patients with stage III and IV endometrio-
sis was not different from that of patients with stage I
and II endometrioma (SMD=0.30, 95% CI=-0.14 to
0.74, P=0.18, Fig. 11).

Diagnostic value of NLR in endometriosis

The pooled sensitivity was 0.67 (95% CI=0.60-0.73),
and the pooled specificity was 0.68 (95% CI, 0.62-0.73).
The pooled positive likelihood ratio, negative likeli-
hood ratio, diagnostic odds ratio (DOR) of NLR were
2.13(95%CI=1.67-2.73),0.47 (95%CI=0.37-0.61), and
2.09 (95%CI=1.63-2.68), respectively (Fig. 12).

Publication bias

There was no significant publication bias among studies
on either differences in NLR levels between patients with
endometriosis and heathy controls (Egger test P=0.38,
Fig. 13A) or differences in NLR levels between patients
with endometriosis and those with other benign tumors
(Egger test P=0.42, Fig. 13B).

Discussion

Three key conclusions emerged from our investigation.
First, endometriosis patients had significantly higher
NLR levels compared to healthy controls. Second, endo-
metriosis patients of Caucasian and East Asian ethnicity
exhibited higher NLR levels than healthy controls. Third,
patients with endometriosis exhibited higher levels of
NLR than those with other benign tumors. Appreciating
the dynamic functions that neutrophils and lymphocytes
play in the context of endometriosis is crucial to fully
grasp the relevance of their relative proportions. A higher
NLR has been reported in endometriosis patients com-
pared to controls because of an elevation in neutrophil
count and a reduction in lymphocyte count.

Infertility, pelvic discomfort, and other symptoms expe-
rienced by endometriosis patients have a negative impact
on their quality of life [41, 42]. Endometriosis is a highly
intricate condition that has a substantial effect on the psy-
chological well-being, quality of life, and interpersonal
connections of affected women [43, 44]. The symptoms
of endometriosis gradually hinder a woman’s capability
to perform certain daily tasks, leading to a perception of
deteriorating overall health status and well-being [45]. The
repercussions of these symptoms have been incompletely
explored, and additional research and clinical expertise
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%
Author (Year) Effect (95% CI) Weight
Cho (2008) E -+ 284(2.61,3.07) 6.40
Hua (2013) : —e— 2.86(2.54, 3.18) 6.30
Sayan (2013) —— E 0.08 (-0.31, 0.48) 6.21
Yavuzcan (2013) - — E 0.23 (-0.20, 0.65) 6.16
Tokmak (2015) - 0.71 (0.56, 0.85) 6.46
Li (2016) E — 2.26 (1.90, 2.61) 6.26
Seckin (2018) Bl E 0.16 (-0.02, 0.34) 6.44
Targut (2019) -+ 0.79 (0.53, 1.04) 6.37
Tas (2019) —O—i- 0.50 (0.05, 0.96) 6.11
Biyik (2020) —— E 0.12 (-0.30, 0.55) 6.16
Karadadas (2020) —— 0.07 (-0.25, 0.39) 6.30
Moini (2020) —0-5 0.64 (0.40, 0.87) 6.39
Ottolina (2020) o= E 0.13 (-0.03, 0.29) 6.45
Chen,T. (2021) T E 0.17 (-0.07, 0.41) 6.39
Chen,Z. (2021) —— -0.08 (-0.48, 0.33) 6.19
Kedzia (2021) —5—0— 1.15 (0.35, 1.94) 5.45
Overall, DL (f = 98.0%, p = 0.000) <> 0.79 (0.33, 1.25) 100.00

I I

-2

NOTE: Weights are from random-effects model

o

Fig. 2 Meta-analysis of differences in NLR level between patients with endometriosis and healthy controls

are required to gain a comprehensive understanding of
the scope of this condition. Studies have indicated that
endometriosis is linked to significant direct and indirect
expenses, on par with major chronic diseases like diabe-
tes [45]. Furthermore, symptoms related to endometriosis
significantly disrupt the employment of affected women,
often leading to missed workdays in numerous cases [45].
New data indicates that approximately half of women who
experience infertility may be affected by endometriosis
[44]. The illness can impact fertility by modifying gamete
transport, tuba-ovarian function, endometrial receptivity,
and triggering inflammatory characteristics in peritoneal

fluid, which in turn leads to changes in function and
quality of sperms [46—50]. Research on oocyte donation
indicates a negative impact on oocytes rather than endo-
metrial receptivity [51]. Alongside the qualitative influ-
ence on oocytes, a quantitative decline in ovarian reserve
is also a concern for women afflicted with endometriosis
[52].

Significant reductions in ovarian reserve lead to unfa-
vorable reproductive outcomes following in vitro fertili-
zation (IVF) [53-55]. The current therapeutic approaches
are far from being curative [10, 11]. Fertility preserva-
tion (FP) provides women at risk of age-related fertility
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%
Subgroup and Author (Year) Effect (95% CI) Weight
Retrospective
Cho (2008) | - 2384 (261,3.07) 6.40
Hua (2013) | —— 2.86(2.54, 3.18) 6.30
Yavuzcan (2013) - i 0.23 (-0.20, 0.65) 6.16
Tokmak (2015) - 0.71 (0.56, 0.85) 6.46
Seckin (2018) - 0.16 (-0.02,0.34)  6.44
Targut (2019) — 0.79 (0.53, 1.04) 6.37
Tas (2019) —— 0.50 (0.05,0.96) 6.1
Biyik (2020) * E 0.12 (-0.30, 0.55) 6.16
Karadadas (2020) -+ 0.07 (-0.25, 0.39) 6.30
Moini (2020) - 0.64 (0.40, 0.87) 6.39
Chen,T. (2021) Y bl 0.17 (-0.07,0.41) 6.39
Chen,Z. (2021) —r -0.08 (-0.48, 0.33) 6.19
Subgroup, DL (I2 =98.2%, p = 0.000) <> 0.75 (0.20, 1.31) 75.64
Prospective E
Sayan (2013) - 0.08 (-0.31, 0.48) 6.21
Li (2016) ! —_— 2.26 (1.90, 2.61) 6.26
Ottolina (2020) - 0.13 (-0.03, 0.29) 6.45
Kedzia (2021) —_—— 1.15 (0.35, 1.94) 5.45
Subgroup, DL (I2 =97.5%, p = 0.000) <<> 0.90 (-0.21,2.00) 24.36
I
Heterogeneity between groups: p = 0.823 E
Overall, DL (I2 =98.0%, p = 0.000) <> 0.79 (0.33,1.25)  100.00
| |

-2 0

2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 3 Subgroup analysis of differences in NLR level between patients with endometriosis and healthy controls, according to study design

decline with the opportunity of bearing children in the
future using their own gametes [56]. A recent compre-
hensive study, the largest of its kind, presents successful
outcomes achieved through oocyte vitrification for both
elective FP and FP in cancer patients, while also identi-
fying factors contributing to success [57]. Endometriosis
indeed contributes to diminishing the ovarian reserve,
thereby making women diagnosed with the condition
increasingly eligible candidates for FP [58—60]. Currently,
oocyte vitrification stands as an effective choice for elec-
tive FP in reproductive-aged women [61, 62]. In cases

involving women diagnosed with endometriosis, this
method additionally boasts the advantage of being rela-
tively minimally invasive and lacking detrimental effects
on ovarian reserve [59, 60].

Late diagnosis and high recurrence rates are charac-
teristics of endometriosis [63, 64]. Although laparoscopy
is the gold standard for diagnosing endometriosis, it is
probably missed in cases with severe pelvic adhesions
and atypical, extraperitoneal, minor lesions. Further-
more, laparoscopy has a significant risk of complications
and is an expensive procedure [65]. Therefore, identifying
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%
Subgroup and Author (Year) Effect (95% CI) Weight
Caucasian
Sayan (2013) —— 0.08 (-0.31, 0.48) 6.21
Yavuzcan (2013) —— 0.23 (-0.20, 0.65) 6.16
Tokmak (2015) -0% 0.71 (0.56, 0.85) 6.46
Seckin (2018) ol 0.16 (-0.02, 0.34) 6.44
Targut (2019) — 0.79 (0.53, 1.04) 6.37
Tas (2019) —_— 0.50 (0.05, 0.96) 6.11
Biyik (2020) —— 0.12 (-0.30, 0.55) 6.16
Karadadas (2020) —— E 0.07 (-0.25, 0.39) 6.30
Moini (2020) - 0.64 (0.40, 0.87) 6.39
Ottolina (2020) s E 0.13 (-0.03, 0.29) 6.45
Kedzia (2021) — 1.15 (0.35, 1.94) 5.45
Subgroup, DL (I2 = 83.5%, p = 0.000) O ! 0.39 (0.19, 0.59) 68.48
East Asian E
Cho (2008) ! -+ 284 (2.61,3.07) 6.40
Hua (2013) ! —e— 2.86 (2.54, 3.18) 6.30
Li (2016) ! — 2.26 (1.90, 2.61) 6.26
Chen,T. (2021) ™ | 0.17 (-0.07,0.41) 6.39
Chen,Z. (2021) — -0.08 (-0.48, 0.33) 6.19
Subgroup, DL (I” = 99.0%, p = 0.000) —— ——— 161(031,291) 3152
|
Heterogeneity between groups: p = 0.068 i
Overall, DL (I2 =98.0%, p = 0.000) <> 0.79 (0.33,1.25)  100.00
I I

-2 0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 4 Subgroup analysis of differences in NLR level between patients with endometriosis and healthy controls, according to ethnicity

suitable early non-invasive diagnostic markers and mini-
mizing needless intervention methods are of significant
clinical importance, and this is where NLR steps in to
help.

NLR, SII, platelet-to-lymphocyte ratio (PLR), and
monocyte-to-lymphocyte ratio (MLR) have been shown
to correlate with endometriosis so that they might be
employed as hematological markers for endometriosis
diagnosis [66-68]. While using NLR for endometriosis
diagnosis, the variations of this biomarker in menstrual
period should be taken into account. Menstruation
exhibits many features of an inflammatory process [69]

and NLR as a marker of inflammation can be increased
in these circumstances. In this investigation, we dis-
covered that NLR was higher in patients with endo-
metriosis than in healthy controls, which may properly
represent the inflammatory state in endometriosis
patients.

Endometriosis has been linked to a greater inci-
dence of autoimmune inflammatory disorders (like
asthma and allergy) and increased inflammatory activ-
ity [70]. This disease may develop due to high quan-
tities of inflammatory chemokines, cytokines, and
prostaglandins in the peritoneal microenvironment of
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%
Author (Year) Effect (95% ClI) Weight
Cho (2008) 5—0— 1.05 (0.83, 1.27) 20.58
Hua (2013) | —_— 1.60 (1.33, 1.87) 20.35
Li (2016) E ——— 1.72(1.35, 2.09) 19.79
Kalem (2019) —_— 0.80 (0.51, 1.08) 20.29
Tas (2019) _— E -1.02 (-1.51, -0.53) 18.98
Overall, DL (F = 96.0%, p = 0.000) <> 0.85 (0.17, 1.53) 100.00
T T
-2 0 2
NOTE: Weights are from random-effects model
Fig.5 Meta-analysis of differences in NLR level between patients with endometriosis and those with other benign tumors
%
Subgroup and Author (Year) Effect (95% ClI) Weight
Retrospective
Cho (2008) :—0— 1.05 (0.83, 1.27) 20.58
Hua (2013) . —_— 1.60 (1.33, 1.87) 20.35
Kalem (2019) —°i— 0.80 (0.51, 1.08) 20.29
Tas (2019) _— E -1.02 (-1.51, -0.53) 18.98
Subgroup, DL (I2 =96.5%, p = 0.000) <<> 0.64 (-0.15, 1.42) 80.21
Prospective E
Li (2016) X ——— 1.72(1.35, 2.09) 19.79
Subgroup, DL (I2 =0.0%,p=".) | <> 1.72 (1.35, 2.09) 19.79
Heterogeneity between groups: p = 0.014 X
Overall, DL (I2 =96.0%, p = 0.000) <> 0.85(0.17, 1.53) 100.00

T
-2

0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 6 Subgroup analysis of differences in NLR level between patients with endometriosis and those with other benign tumors, according to study

design
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Subgroup and Author (Year)
Caucasian
Kalem (2019)
Tas (2019) —_—

Subgroup, DL (F = 97.5%, p = 0.000)

East Asian
Cho (2008)
Hua (2013)
Li (2016)

Subgroup, DL (I2 =85.7%, p=0.001)

Heterogeneity between groups: p = 0.100
Overall, DL (f = 96.0%, p = 0.000)

T
-2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model
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D/D
Effect (95% Cl) Weight
:

—— 0.80 (0.51, 1.08) 20.29
| -1.02 (-1.51, -0.53) 18.98
1
T -0.10 (-1.88, 1.68) 39.27
1
|
1
|
|
—— 1.05 (0.83, 1.27) 20.58
| —_— 1.60 (1.33, 1.87) 20.35
1
! —— 1.72(1.35,2.09) 19.79
1
! <> 1.44 (1.01, 1.87) 60.73
|
1
1
|

<> 0.85 (0.17, 1.53) 100.00
T

Fig. 7 Subgroup analysis of differences in NLR level between patients with endometriosis and those with other benign tumors, according

to ethnicity
%
Author (Year) Effect (95% CI) Weight
Vigano (2017) 0.01(-0.28, 0.29) 36.17
Moini (2020) . 0.34 (-0.05, 0.74) 24.92
Ottolina (2020) -0.12 (-0.38, 0.15) 38.91
Overall, DL (I = 45.2%, p = 0.161) <> 0.04 (-0.20, 0.28) 100.00

I
-5 0

NOTE: Weights are from random-effects model

Fig. 8 Meta-analysis of differences in NLR level between endometriosis patients with and without deep lesions

endometriosis-affected women [70]. There is increasing
proof that women with endometriosis have altered lev-
els of specific subtypes of white blood cells and alter-
nations in peritoneal fluid, endometrial and peripheral
blood [71, 72]. Tokmak et al. discovered WBC

alterations in endometriosis patients, including an
increased neutrophil and a reduced lymphocyte count,
and they validated the existence of a chronic inflamma-
tory state in these patients [35].
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%

Author (Year) Effect (95% ClI) Weight
Vigano (2017) : -0.05 (-0.36, 0.25) 53.69
Ottolina (2020) ; -0.20 (-0.53, 0.13) 46.31
Overall, DL (F = 0.0%, p = 0.507) <:> -0.12 (-0.34, 0.10) 100.00
T T
-5 0 5
NOTE: Weights are from random-effects model
Fig. 9 Meta-analysis of differences in NLR level between endometriosis patients with and without peritoneal lesions
%
Author (Year) Effect (95% CI) Weight
Yavuzcan (2013) . -0.06 (-0.57, 0.44) 18.96
Vigano (2017) —0——5 -0.07 (-0.33, 0.19) 26.67
Moini (2020) | —_— 0.66 (0.41, 0.91) 26.96
Ottolina (2020) : 0.19 (-0.04, 0.42) 27.42
Overall, DL (¥ = 83.5%, p = 0.000) <:> 0.20 (-0.15, 0.55) 100.00

T
-1

NOTE: Weights are from random-effects model

o

Fig. 10 Meta-analysis of differences in NLR level between endometriosis patients with and without endometrioma

These results revealed that inflammation could play
a role in the development of endometriosis. TNEF-
alpha was one of several inflammatory cytokines that
many researchers investigated. Scholl et al. [73] dis-
covered that TNF-alpha contributes to endometriosis,
and another study indicated that TNF-alpha expres-
sion was elevated in the endometriosis patients’ tissues
[74]. TNF-alpha may thus have a significant role in the
inflammatory component of endometriosis. By starting
or maintaining inflammatory reactions in the peritoneal
cavity, IL-16 may also contribute to the pathogenesis
of endometriosis [75]. In both luteal and proliferative

biopsies, endometriosis-affected women had higher
levels of chemotactic activity in macrophages, neu-
trophils, and inflammatory cells compared to healthy
women [76]. Anti-inflammatory drugs have been evalu-
ated as the significance of inflammation in endome-
triosis became clear. Mariani et al. [77] discovered that
elocalcitol, a selective agonist of the vitamin D recep-
tor, may slow the development of endometriosis in an
animal model. LXA4 may inhibit the development of
endometriosis in the mouse model by reducing inflam-
mation [78].
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Effect %
Author (Year) (95% ClI) Weight
Sayan (2013) f—— 1.02 (0.41, 1.63) 20.07
Vigano (2017) —_— E -0.25 (-0.59, 0.09) 27.46
Targut (2019) —— 0.46 (-0.05, 0.98) 22.64
Ottolina (2020) T 0.20 (-0.05, 0.45) 29.83
Overall, DL (I2 =79.3%, p = 0.002) <<:'> 0.30 (-0.14, 0.74) 100.00

T T

o

-2

Fig. 11 Meta-analysis of differences in NLR level between patients with stage Ill and IV endometriosis compared to those with stage | and Il

endometrioma

Since inflammation is involved in endometriosis and
it is acknowledged that NLR is an indicator of systemic
inflammation, it may be appropriate to employ this
inflammatory ratio as a diagnostic biomarker for endo-
metriosis. However, understanding the functions of
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Fig. 12 SROC curve of included studies assessing diagnostic value
of NLR for endometriosis

neutrophils and lymphocytes in endometriosis is nec-
essary to offer a thorough justification for using NLR as
a prognostic biomarker.

One of the important parts of innate immunity are
neutrophils, which release pro-inflammatory cytokines
like IL-8, vascular endothelial growth factor (VEGF),
and CXCL10, which could contribute to disease pro-
gression [79-81]. Neutrophils are involved in almost
all inflammatory disorders, ranging from autoimmune,
acute, chronic, infectious, and non-infectious diseases
[82]. Numerous investigations have revealed that neutro-
phils have a role in endometriosis pathogenesis [79, 83].
Regarding endometriosis, higher numbers of neutrophils
have been identified in patients compared to those with-
out the condition [84, 85]. This is most likely the conse-
quence of elevated levels of chemotactic elements such as
IL-8, human neutrophil peptide (HNP1-3), and epithelial
neutrophil-activating peptide (ENA-78) [86]. It is inter-
esting to note that estrogens have been demonstrated to
affect neutrophil function [87]. It has not been confirmed
yet if this characteristic plays a part in endometriosis
pathogenesis. In an animal model’s early phases of endo-
metriosis, the dominancy of neutrophil infiltration into
ectopic uterine tissue was observed [88, 89]. These cells’
primary function is to cause inflammation by releasing
IL-17A, which can promote the migration of neutrophils
or other pro-inflammatory mediators such as VEGEF, IL-8,
and CXCL10 [83]. Recent animal research on endome-
triosis mice revealed that depleting neutrophils using an
anti-Gr-1 antibody decreased lesion formation [90]. In
this investigation, neutrophil depletion decreased the
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Fig. 13 Funnel plot assessing publication bias among studies on either differences in NLR levels between patients with endometriosis and heathy
controls (Figure A) or differences in NLR levels between patients with endometriosis and those with other benign tumors (Figure B)

formation of the lesion in the early but not late stages
of disease progression, indicating that neutrophils are
required for the initial endometriosis formation [90].

T and B lymphocytes are crucial adaptative immune
subsets involved in the proliferation and survival of
endometrial cells. Furthermore, endometriosis is charac-
terized by a decrease in the function of cytotoxic T lym-
phocytes and in the secretion of cytokines by T helper
cells, and also synthesis of autoantibodies by B cells [91,
92]. Here we will discuss the role of each type of lympho-
cyte in endometriosis one by one.

There are several studies on the role of cellular
response in endometriosis, and various features are note-
worthy. Since endometriosis patients had higher quanti-
ties of cytokines indicative of Th2 lymphocytes in their
peritoneal fluid and plasma, the illness was described as
polarizing towards this specific cellular response [93, 94].
The normal Th2 response, which is biologically linked to
healing and fibrosis, has not been thoroughly studied in
the context of endometriosis [95]. The relative prepon-
derance of Th1 cells in peripheral blood makes it difficult
to interpret investigations. The CD4/CD8 ratio and the
quantity of each type of cell were shown to be greater in
the peritoneal fluid of affected women [96]. T-cell counts
in endometrial lesions were higher than in eutopic endo-
metrium; however, the CD4/CD8 ratio was similar.

Peripheral blood revealed no alterations [97, 98].
In contrast, Abramiuk et al’s research showed no sig-
nificant differences in the overall number of lympho-
cytes but a decline in the proportion of CD8+T cells in
peripheral blood [79]. Moreover, it has been discovered
that the proportion of Th1l7 cells in a patient’s perito-
neal fluid increases with the illness stage [99]. It has also
been shown that the endometriotic environment has

higher quantities of IL-17. By promoting the generation
of cytokines that cause inflammation and angiogen-
esis, this interleukin could accelerate the progression of
endometriosis [100, 101]. Regulatory T cells, a subset of
lymphocytes engaged in the cellular response, also have
a crucial role in endometriosis. Although their part in
the emergence of endometriosis is yet unknown, they
theoretically serve a regulatory role and are implicated in
the tolerance of immune cells. According to the authors
of new research, there are more regulatory T cells in
the patient’s peritoneal fluid, which may be related to
local immunosuppression that prevents the removal of
ectopic endometrial cells [79]. Hanada et al. discovered
a larger proportion of Treg in patients’ peritoneal fluid
while finding no differences in peripheral blood com-
pared to controls [97]. Olkowska-Truchanowicz et al.
provided similar findings, evaluating the percentages of
CD25+CD4+Foxp3+T cells in peripheral blood, which
were identical to Takamura et al. [102, 103]. Another
study also showed no variations in the proportion of
regulatory T cells with the CD25+ CD4+ Foxp3+ phe-
notype in peripheral blood, indicating that their involve-
ment is restricted to a local impact [79].

Endometriosis has long been assumed to be an autoim-
mune disease. Several studies demonstrated the existence
of anti-endometriosis antibodies in the peritoneal fluid
and serum of individuals with the condition [104, 105].
Although autoantibodies are hypothesized to promote the
progression of endometriosis by sustaining inflammation
and activating the immune system, there is no solid proof
to back up this theory [79]. The presence of autoantibodies
in patients with endometriosis is further exacerbated by
comorbidities. The emergence of autoimmune and immu-
nological disorders like psoriasis, rheumatoid arthritis,
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and allergies are related to endometriosis [106, 107]. The
existence of autoantibodies led researchers to look into
the function of B lymphocytes in the endometriosis patho-
physiology [79]. Most investigations in a meta-analysis
on this matter imply a connection between endometrio-
sis and elevated percentages or stimulation of B lympho-
cytes. There were no variations in the numbers of B cells
between patients and controls in 7 of the 22 included
publications [108]. B cells also secrete cytokines like IL-6
and IL-17, which have been demonstrated to influence
immunological cells like CD4+T cells and sustain chronic
inflammation [108]. Endometriosis is also related to
these cytokines [86, 109, 110]. Therefore, in endometrio-
sis, B lymphocytes may contribute to local and systemic
cytokine production and inflame their microenvironment
[79]. Therefore, further research is required to completely
comprehend the role of B lymphocytes and their interac-
tions with other immune cells in endometriosis disease.

The NK cell provides a connection between the adap-
tive and innate immune responses. Oosterlynck et al.
were the first to define the role of natural killer (NK) cells
in the pathophysiology of endometriosis by demonstrat-
ing that NK cell cytotoxic effect was decreased when
faced with ectopic endometrial cells. This association cor-
related with advanced phases of the illness [89, 109, 111].
The reason behind the decreased function of NK cells in
endometriosis is not fully understood. Numerous inhibi-
tory and activating receptors were found to be abnormally
expressed on their surface when compared to these cells
in normal women [112-115]. This may be explained by
the enhanced expression of KIR (killer cell immunoglob-
ulin-like receptors) that has been detected in the peritu-
moral NK cells [116]. Chronic inflammation caused by
the disease may lead to the aberrant function of NK cells
[117, 118]. By removing cells that exhibit autoantigens,
NK cells help maintain the balance of immunological
tolerance. As a result, their decreased activity in endo-
metriosis may account for the higher frequency of auto-
immunity witnessed in the condition [119]. It has been
shown that the presence of IL-6 and TGF-f in the perito-
neal fluid of endometriosis-affected women decreases the
cytolytic ability of NK cells [120, 121]. Furthermore, it has
been shown that IL-15, which is significantly produced
on endometrial stromal cells at the ectopic site, inhib-
its NK cell activity in vitro [122]. It was discovered that
macrophages and endometrial cells interacted to lessen
NK cell cytotoxicity, possibly by releasing more IL-10 and
TGE-p [123].

Strength and limitations

There are multiple features to the current meta-analy-
sis. First, this is the first meta-analysis of the association
between NLR levels and endometriosis. We discovered
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that patients with endometriosis had significantly higher
NLR levels than healthy controls according to the pooled
analysis. Furthermore, the results of subgroup analy-
ses were mainly consistent with the main results of the
study, indicating that our findings were plausible. Sec-
ond, when pooling effect estimates, we employed the
random-effects model, a more conservative strategy that
improved the accuracy of our meta-analysis findings.
Third, the publication date and language constraints were
not limited for the literature search, reducing the pos-
sibility of publication bias in the findings of our study.
Fourth, the majority of the included studies excluded
patients with coexisting lesions, such as endometrial
hyperplasia, endometrial polyp, adenomyosis, myoma
uteri, gynecological, and it could strength our results. In
addition, it has been reported that the level of inflamma-
tory markers may rise in some systemic disorders and it
could affect the findings. However, the majority of the
included articles excluded the patients with diseases
affecting inflammatory markers, including hematologi-
cal disorders, acute or chronic infectious, hepatic insuf-
ficiency, renal dysfunction, steroid therapy, inflammatory
diseases, or malignancies. Obviously, this exclusion crite-
rion among included studies could increase the validity
our results substantially.

There are some limitations that should be addressed. The
majority of the patients are from Asia, and this could be a
bias. In other words, the sample was almost representative
of the Asian population but would tend to miss people from
other continents. Further studies are needed to determine
the association between NLR and endometriosis in other
continents. Although we found that there was no associa-
tion between NLR and grade and degree of migration of
endometriosis, these results need to interpreted with cau-
tion because of limited number of included studies. More
research on this topic needs to be undertaken before the
relationship between NLR and grade and degree of migra-
tion of endometriosis is more clearly understood. In addi-
tion, we could not compare the NLR level before and after
treatment of endometriosis, due to the lack of original stud-
ies on this context. further studies, which take these vari-
ables into account, will need to be undertaken.

Conclusion

The results of this systematic review and meta-analysis
demonstrate the significantly higher levels of NLR in
patients with endometriosis compared to healthy con-
trols. As a result, NLR might be utilized in clinics as a
possible predictor to help clinicians diagnose endome-
triosis in women. Additional research is required to carry
out a meta-analysis with a greater number of included
publications in order to obtain more precise findings.
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