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Abstract

Endometriosis occurs in about 5-10 in 100 women of reproductive age. The pathophysiology of endometriosis is controversial. Some studies claimed
an association between endometriosis and increased levels of inflammatory factors in peritoneal fluid and/or peripheral blood. Monocyte / HDL
cholesterol ratio (MHR) and neutrophil/lymphocyte ratio (NLR) are inflammatory markers and are used as predictors and prognostic indicators of
mortality and morbidity in many diseases. In this study, we aimed to investigate whether Monocyte / HDL cholesterol ratio (MHR) and
neutrophil/lymphocyte ratio (NLR) are increased in endometriosis as in patients with chronic inflammation and cardiovascular diseases. This is a
retrospective case-control study conducted with 87 women, 45 in the endometriosis group and 42 in the control group. The demographic data,
biochemical, complete blood count parameters and lipid profile of the cases were recorded and compared between the groups. The mean age of the
endometriosis group was 33.88 years and was older than the control group. In terms of other demographic data, there were no difference between
the two groups. Although the platelet distribution width and triglyceride values of the endometriosis group were higher than controls, they were
interpreted as clinically insignificant. There were no significant differences between the groups in terms of other laboratory parameters including
MHR and NLR. In this study, MHR and NLR are found similar in endometriosis and control groups. Further studies are needed to investigate the
relationship between increased systemic inflammation.
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1. Introduction

Endometriosis is a disease characterized by the presence of
endometrial gland and stroma outside the uterus (Vercellini et
al., 2014). Endometriotic implants are most frequently
observed on peritoneal surfaces in the pelvis. Endometriosis is
an estrogen dependent benign disease that occurs in %5-10
women at reproductive age with the most common age range
being 25-35 (Vercellini et al., 2014). Non-invasive marker
does not exist to diagnose endometriosis (Coutinho et al.,
2019). Transvaginal ultrasound and magnetic resonance are
imaging methods to diagnose endometriosis non-invasively
(Peiris et al., 2018).

Although it is one of the most common gynecological
diseases in the reproductive age, the pathophysiology of
endometriosis is controversial. There are studies linking
endometriosis with increased levels of interleukin-1,
interleukin-6, and tumor necrosis factor-a in peritoneal fluid
(Bedaiwy et al., 2002) and peripheral blood (Koumantakis et
al.,, 1994; Gupta et al., 2006). In addition to findings of
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increased oxidative stress in peritoneal fluid and peripheral
blood, decreased antioxidant levels have also been reported
(Verit et al., 2008).

Besides increased oxidative stress and chronic
inflammation, endometriosis is also associated with
atherogenic lipid profile (Mu et al., 2016). Increased LDL and
decreased HDL levels were found in the blood of patients with

endometriosis (Melo et al., 2010).

Nearly 3-8% of circulating leukocytes are monocytes and
monocytes and they are the components of natural immune
system. Monocytes transform into macrophages when they
reach tissues. Macrophages play a central role in inflammation
with phagocytosis, release of inflammatory cytokines and free
oxygen radicals, activation of the acquired immune system
(Auffray et al., 2009; Linker et al., 2009). Increased oxidative
stress and inflammation provided by monocytes and
macrophages have beneficial effects for the human body as
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well as potential harmful effects. Excessive monocyte
activation causes atherosclerosis, arthritis and multiple
sclerosis by activating the prothrombotic pathway through
platelets and endothelial cells. In contrast, high-density
lipoprotein (HDL) cholesterol neutralizes the oxidation and
macrophage migration caused by low-density lipoprotein
(LDL) cholesterol in monocytes (Parthasarathy et al., 1990).
HDL cholesterol has anti-inflammatory properties by
suppressing proliferation, differentiation and activation of
monocyte progenitor cells (Westerterp et al., 2012).

Monocyte / HDL cholesterol ratio (MHR) is a recently
identified inflammatory marker, a predictor and prognostic
indicator of mortality and morbidity in many diseases
(Canpolat et al., 2016). The advantage of MHR in showing
chronic inflammation and increased cardiovascular risk is that
it is cheap and easily applicable. MHR increases in diseases
characterized by chronic inflammation. MHR is measured
high in cardiovascular diseases (Cetin et al., 2016),
hypertension (Aydin et al., 2017), metabolic syndrome (Vahit
et al., 2017), polycystic ovary syndrome (Usta et al., 2018).

Leukocytes are immune system cells exist in peripheral
blood. Leukocyte subtypes include cells such as neutrophils,
lymphocytes, monocytes and eosinophils. There are many
studies that compare leukocyte cell subtypes to each other and
associate these rates with increased inflammatory status and
oxidative stress. Peripheral hematological markers such as
neutrophil-lymphocyte ratio (NLR) are used as an indicator of
systemic inflammation (Zhang et al., 2020). Although some
studies demonstrated that NLR is high in patients with
endometriosis (Turgut et al., 2019), others believe that there is
no difference when compared to controls (Yavuzcan et al.,
2013). It is alleged that increased cardiovascular risk and
chronic inflammation present in patients with endometriosis.
However, it is not clear whether MHR is increased or not in
endometriosis. In this study, we aimed to investigate whether
Monocyte / HDL cholesterol ratio (MHR) and
neutrophil/lymphocyte ratio (NLR) are increased in
endometriosis as in patients with other chronic inflammatory
disorders and cardiovascular diseases.

2. Materials and method

This is a retrospective case control study conducted in two
community hospital (Bursa Karacabey and Edirne Sultan 1.
Murat Hospitals) between January 2018 and October 2019.
All of the medical records of patients (Laboratuary tests and
ultrasonographic reports) aged between 18-45 years who
presented to one of two community hospital during the study
period were reviewed. The ethic approval was given by
scientific research ethics committee of Trakya University
Faculty of Medicine (TUTF-BAEK 2019/395). This study
was carried out in accordance with the Helsinki Declaration
Principles. Sample size calculation was made by PASS 11
program; %80 power, predicted ratio between groups is 1.40,
alpha significance level is taken as 0.05 n= 64 (in case group:
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32, control group: 32). This study was conducted with 87
women, 45 in the endometriosis group and 42 in the control

group.

Diagnosis of endometriosis was made based on ESHRE
2013 Guideline recommendations. All women who were
eligible of these criteria were included in the study
(Dunselman et al., 2014). Patients who were diagnosed
histopathologically by laparoscopic examination or who had
typical endometrioma appearance (such as ground glass
appearance) on ultrasonography are accepted as
endometriosis. Twenty-nine women had operation either by
diagnostic  laparoscopy or laparoscopic cystectomy.
Remaining 16 women were diagnosed sonographically with
typical endometrioma images based on symptoms such as
dysmenorrhea, dysparenuria and infertility. These were the
cases that operation was not indicated for these symptoms.
None of the cases were on oral contraceptives, progesteron or
GnRH analogs during sample collection. The control group
composed of women with similar demographic characteristics
with the study group but were not suspected or diagnosed with
endometriosis were included. The control group composed of
fertile women who attended with complaints unrelated to
endometriosis and had no findings on ultrasonography
suggesting endometriosis such as endometrioma. Blood
samples were collected randomly irrespective of the cycle of
cases. Those with active infections, inflammatory disease,
autoimmune disease, cancer, dyslipidemia, cardiovascular
disease, diabetes, hormone-releasing tumor; patients using
dyslipidemia  drug, oral contraceptive, dienogest,
gonadotropin  hormone releasing hormone analogue,
antihypertensive, steroid, antidiabetic drug, anticoagulant and
antiplatelet drug were excluded. Demographic data such as
age, height, weight, body mass index, gravida, parity, number
of children living, biochemical, complete blood count
parameters and lipid profile were recorded. Glucose, ALT
(alanine aminotransferase), AST (aspartate aminotransferase),
urea, creatinine levels were performed with Beckman Coulter,
Unicel DXI 600 (Access Immunoassay System). Complete
blood count was studied with an automatic hematology
analyzer (Cell-Dyn 3700 Abbott, Abbott Park, IL). HDL
cholesterol, LDL cholesterol, total cholesterol and triglyceride
levels from lipid profile measurements were performed with
AutoAnalyzer Cobas Integra 800 (Roche Diagnostics GmbH;
Mannheim, Germany).

2.1. Statistical analysis

Categorical variables were presented as numbers and
percentages, while numerical variables were presented with
mean, median and standard deviation. Monocyte / HDL
cholesterol ratios were calculated in both case and control
groups. When comparing all numerical data between the two
groups, Student's T Test was used for the normal distribution.
Chi-square or Fisher Exact Test was used to compare
categorical variables. All statistical analysis SPSS 21 package
program was used.
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3. Results

The study was conducted with 87 women, 45 in the
endometriosis group and 42 in the control group. While the
mean age of the endometriosis group was 33.88 years, the
mean age of the control group was 28.78 years and the
difference was statistically significant (p =0.001). There were
no differences between the two groups in terms of other
demographic data (p> 0.05) (Table 1).

Table 1. Comparison of demographic datas of groups

Variable ‘ Endometriosis Control ‘ P

Age (year) 33.8846.82 28.78+6.52 0.001
Gravidity 1(0-5) 1(0-4) 0.787
Parity 1(0-3) 1(0-3) 0.870
Abortion 0(0-3) 0(0-2) 0.514
Live child 1(0-3) 0.5 (0-3) 0.369
Weight (kg) 64.58+11.88 62.71£10.30 0.436
Height (cm) 163.4245.56 166.14+7.25 0.052
BMI*(kg/m?) 24.2144.53 22.70+£3.23 0.078

Although the platelet distribution width and triglyceride
values of the endometriosis group were higher, they were
interpreted as clinically insignificant (p = 0.046 and p = 0.049,
respectively). There were no significant differences between
the groups when analysis was performed with the other
laboratory parameters including MHR and NLR (p> 0.05).

(Table 2).

Table 2: Comparison of laboratory datas of groups

Variable \ Endometriosis  Control P
ALT (U/L) 14.65+6.82 13.21+6.52 0.281
AST (U/L) 16.55+5.58 17.12+4.70 0.619
Glucose (mg/dL) 90.79+8.07 89.14+6.75 0.312
Urea (mg/dL) 25.85+21.82 21.9245.56 0.278
Creatinin
(oeldL) 0.65+0.14 0.69+0.10 0.170
HDL cholesterol | ¢, 42,55 58 57.04+11.31 0.135
(mg/dL)
LDL cholesterol | 14 7133351 | 1069542157 | 0.710
(mg/dL)
Total cholesterol | 105 6313608 | 173.0942545 | 0.162
(mg/dL)
dikelgosniites 117.2245121 | 91.84+49.41 0.049
(mg/dL)
Hemoglobin
+ |

L) 12.48+1.41 12.79+0.92 0.230
Hematocrite (%) | 37.5843.65 38.45+2.34 0.191
Platelet (10%ul) | 275.81465.87 | 268.90£50.64 | 0.547
MCV (f]) 83.5846.61 85.4345.72 0.172
MPV (f]) 9.39+1.68 9.48+1.15 0.779
Platelectrict (%) | 0.25+0.05 0.25+0.04 0.924
PDW (%) 16.04+0.41 15.88+0.32 0.046
WEC (106%) 7427.95:2007. | 6882.85£1335. | (.,

18 57
Monocyte
A0 0.68+1.23 0.97+3.48 0.598
Neutrophile
10D 4.42+1.44 3.98+1.07 0.114
Lymphocyte
Qo 2.42+0.76 2.25+0.46 0211
MHR 0.0095£0.0065 | 0.0181+0.0658 | 0.391
NLR 1.93+0.78 1.84+0.65 0.567

4. Discussion

In this study, HMR and NLR ratios which increases in
systemic inflammation that are associated with increased risk
of cardiovascular disease in the peripheral circulation were
found similar between endometriosis and control groups.
Although the platelet distribution width (PDW) and
triglyceride values of the endometriosis group were higher,
they were interpreted as clinically insignificant (p = 0.046 and
p = 0.049, respectively). An increased PDW value has been
found in various cardiovascular diseases (Li et al., 2020).
Some studies reported that triglyceride-rich lipoproteins as a
causal factor for cardiovascular disease (Toth, 2016). In our
study, other inflammatory markers except TG and PDW were
found similar in both groups. With the data of our study, we
think that women with endometriosis do not have increased
systemic inflammatory status and cardiovascular risk.

Endometriosis is an estrogen-dependent, progressive
disease. Inflammatory response, genetic and environmental
factors, hormonal regulation play important role in its
pathogenesis (Khan et al., 2008). Endometriosis is considered
to activate the pelvic inflammatory process, and the functions
of immune-related cells in the peritoneal cavity change.

Previously published studies have found that inflammatory
markers increase in the peritoneal cavity of patients with
endometriosis (Barrier, 2010). Some studies report that
urocortin, highly sensitive c¢ reactive protein (CRP),
interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 10 (IL-
10), interferon gamma (IFN-y) and serum amyloid A levels in
the systemic circulation are increased due to increased
inflammatory response in endometriosis (Abrao et al., 1997).
Ectopic endometrium tissue has been shown to secrete
interleukin 6 in patients with endometriosis (Akoum et al.,
1996). It has even alleged to be an independent marker for
predicting endometriosis. Intercellular adhesion molecule 1
(ICAM-1) increases in peritoneal fluid of endometriosis cases
and regulates natural killer activity (Daniel et al., 2000).
Additionally, some studies showed that the levels of soluble
ICAM-1 increase in serum of patient with endometriosis (Wu
et al., 1998), while others found similar levels to the control
group (De Placido et al., 1998).

Systemic inflammation parameters may not increase
despite local inflammation in the peritoneal cavity. Bedaiwy
et al. demonstrated that IL-2 levels were similar in the serum
of endometriosis and controls (Bedaiwy et al., 2002).
Myeloperoxidase (MPO) is a proinflammatory enzyme and
neutrophil activation is a marker of oxidative stress. Dorien et
al. demonstrated in their study that total and active MPO levels
in the blood of endometriosis and control cases were similar
(O et al., 2018). Thubert et al. found similar highly sensitive
CRP levels in endometriosis and control groups (Thubert et
al.,, 2014). In our study, the rate of NLR was similar in
endometriosis and control cases similar to the study of
Yavuzcan et al (Yavuzcan et al., 2013). In addition to their
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study, we also examined the rate of MHR. MHR rate was
similar in endometriosis and control cases. We also claim that
endometriosis is associated with increased local inflammation
in the peritoneum, and not systemic inflammation.

Some newer studies describe that endometriosis is
associated with comorbidities such as autoimmune disease,
allergies, cancers and cardiovascular disease (Teng et al.,
2016). Endometriosis is claimed to be associated with
increased systemic inflammation, atherosclerosis, coronary
artery disease and consequently increased cardiovascular
morbidity, mortality (Wilson et al., 2011). Oxidative stress
and abnormal lipid profile are risk factors for cardiovascular
disease and there are studies showing that they are also
abnormal in cases of endometriosis (Dhalla et al., 2000).
Increased reactive oxygen radicals, oxidized LDL and
antioxidant expression have been shown to be altered in
patients with endometriosis (Gupta et al., 2006).
Endometriosis has also been correlated with atherogenic lipid
profile, such as increased LDL, non-HDL lipoprotein, and
decreased HDL levels (Melo et al., 2010). In a large case series
study, it has been shown that the risk of developing coronary
heart disease increases in patients with laparoscopically
confirmed endometriosis (Mu et al., 2016). In this study, we
claim that there is no increased risk of cardiovascular disease
in patients with endometriosis because of the similar MHR
rate in endometriosis and control cases. There is strong
evidence about the changes in cell and cytokine profile
representing local inflammation in the peritoneal fluid in
patients with endometriosis. However, the issue of whether
systemic inflammation has increased is controversial.

In this study, HMR and NLR ratios associated increased
systemic inflammation and increased risk of cardiovascular
disease, were found similar in endometriosis and control
cases. Our findings support the view that endometriosis is a
local inflammatory pelvic disease rather than a systemic one.
Further large-scale studies are needed to investigate the
relationship between increased systemic inflammation and the
risk of cardiovascular disease in endometriosis.
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