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Combined delta neutrophil index and red blood cell
distribution width as a new biomarker to predict
endometriosis
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Abstract

Objective: The aim of this study was to evaluate the use of delta neutrophil index (DNI) in predicting endometriosis.

Material and Methods: A retrospective, case-control study was performed in a tertiary care center. DNI, red cell distribution width (RDW),
and other blood parameters obtained from complete blood counts of 267 patients, consisting of 122 (45.7%) endometriosis patients with proven
pathology reports of stages 3-4, and a control group of 145 women who underwent laparoscopy for simple ovarian cyst and/or diagnostic
purposes and had normal histopathology, were compared. Receiver operating characteristic and logistic regression analyses were performed.

Results: DNI and RDW were significantly higher in endometriosis patients than in the control group (p=0.034 and p=0.003, respectively).
Other parameters obtained from complete blood counts (leukocyte, neutrophil, lymphocyte, monocytes, and platelet counts and neutrophil-
to-lymphocyte ratio), did not differ (p>0.05). For DNI, at a cut-off value of 0.025, area under the curve (AUC) was 0.572 and it was statistically
significant [p=0.042; 95% confidence interval (CI): 0.503-0.642, sensitivity: 45.9%, specificity: 67.6%, Youden’s index: 0.135]. For RDW, AUC: 0.601
for cut-off value of 13.65 was statistically significant (p=0.004, 95% CI: 0.553-0.669, sensitivity: 50.8%, specificity: 67.6%, Youden’s index: 0.184).
The logistic regression model established with the combined marker obtained by multiplying the DNI and RDW was statistically significant
(p<0.001, Nagelkerke R?=0.72, 95% CI: 2.58-47.26, B: 2.40, negative predictive value: 78.6%, positive predictive value: 37.7%).

Conclusion: DNI, a new inflammatory marker, and RDW, known to be associated with inflammation, may be useful minimally invasive
biomarkers of endometriosis. (J Turk Ger Gynecol Assoc 2024; 25: 30-7)
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pathologies. Clinical diagnosis is difficult as these symptoms
are not specific to endometriosis. Even though imaging
techniques, such as ultrasonography and magnetic resonance
imaging, are beneficial, especially in the diagnosis of deep

Introduction

Endometriosis is an estrogen-dependent disease, defined as
the implantation and growth of endometrial cells outside the

uterine cavity and it affects approximately 10% of young women
of reproductive age (1). It is a challenging disease for both
patients and physicians as it is difficult to diagnose and treat
and causes a decreased quality of life. Although dysmenorrhea
and dyspareunia are symptoms,
endometriosis may also cause bladder and/or intestinal

the most common

infiltrating endometriosis and ovarian endometrioma (OMA),
(2) laparoscopy is still the gold standard approach for definitive
diagnosis, which provides the definitive histopathological
diagnosis. However, both surgery for endometriosis with
deep infiltration into the pelvic organs and visual diagnosis
during laparoscopy require significant surgical experience (3).
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Invasive surgical methods do not help in minimal and mild
endometriosis (4). In addition, since it is an invasive procedure,
most patients do not want to have surgery, and this causes a
delay in diagnosis of up to eight years (5). Although the most
commonly used biomarker for the preoperative diagnosis of
endometriosis is the tumor marker, cancer antigen-125 (CA-
125), which is synthesized by the coelomic epithelium, it is not
specific for endometriosis and has low sensitivity and specificity
for the diagnosis of endometriosis compared to laparoscopy
(6). Thus, identifying a biomarker that would be more specific
in the preoperative diagnosis of endometriosis and OMA has
become a target for better management of endometriosis and
an ongoing research topic (6).

In endometriosis, the suggestion that cytokines play a role
in the ectopic implantation of endometrial cells (7), the high
levels of proinflammatory cytokines reported in pelvic fluids of
women with endometriosis compared to controls, changes in
circulating white blood cell counts, increased serum proteins
such as C-reactive protein (CRP) (8), and the demonstration
of neutrophilia and lymphocytopenia are evidence to support
the view that endometriosis is a local inflammatory disease
with systemic subclinical manifestations (8). Inflammation
in endometriosis is associated with immune clearance,
modification of endometrial cell proliferation, prevention
of invasion, and angiogenesis (9). Subsequent studies of the
mechanism of inflammation in endometriosis patients focused
on inflammatory cells, and endometriosis has been reported to
be a risk factor for developing the severe pelvic inflammatory
disease (10).

Delta neutrophil index (DNI) is defined as a measure of the
immature granulocyte (IG) fraction, which reflects the ratio of
circulating IG to the total neutrophil count and can be detected
by modern automatic hematology analyzers (11). The term IG
encompasses the cell types myelocytes, promyelocytes, and
metamyelocytes that are all neutrophil precursors found in the
bone marrow after the neonatal period. It has been shown that
these immature neutrophil forms enter the circulation during
infection (11). In recent years, it has been suggested that DNI is
predictive and prognostic in infectious conditions, such as acute
appendicitis, bacterial peritonitis, and sepsis (11-13). Although
red cell distribution width (RDW) was a biomarker originally
associated with anemia, it has recently been accepted as a
marker related to inflammation (14). Inflammation disrupts
iron metabolism, shortens the lifespan of erythrocytes, and
the erythropoietin response causes an increase in measures
of RDW (15).

Even though increased inflammatory response in patients
with endometriosis has previously been evaluated for various
biomarkers, the relationship between DNI, a new inflammatory

marker, and endometriosis has not been studied. The aim of
the present study was to investigate the use of DNI, which can
be determined easily with complete blood count parameters,
in diagnosing stage 3-4 endometriosis, which still does not
have an ideal and reliable marker and unfortunately requires
invasive procedures such as laparoscopy.

Material and Methods

The presented retrospective, clinical study was performed
between September 2019 and March 2022 at a university
hospital, in the department of obstetrics and gynecology. The
study was approved by the Afyonkarahisar University of Health
Sciences Clinical Research Ethics Committee Medical Ethics
Committee (approval number: 2022/507). Informed consent
was obtained.

Patients’ medical records were reviewed retrospectively,
and clinical, demographic, laboratory and surgical data were
obtained. The patient group consisted of endometriosis patients
who were operated on for endometriosis and/or endometrioma
and who had endometriosis proven by histopathological
examination. The control group was formed of age-matched
patients who underwent laparoscopy or laparotomy due to
unexplained infertility, chronic pelvic pain, bilateral tubal
ligation, and simple ovarian cyst, who had no macroscopic
endometriotic lesions, no history of endometriosis, and normal
findings on subsequent pathology evaluation. All patients were
caucasian, non-pregnant women, aged 18-45 years. Patients
with systemic and infectious-inflammatory diseases, endocrine
disorders, autoimmune diseases, tuberculosis, malignant
disease, menopause, obesity, hepatic and renal diseases,
and hematopoietic system diseases were excluded. The
histopathological diagnoses of all patients and blood analyses
obtained during preparation for the operation were recorded.
Complete blood counts were performed on a Sysmex XE-2100
hematology analyzer (Sysmex, Kobe, Japan) and CA-125 levels
were measured by electrochemiluminescence immunoassay
(Cobas 8000 e602).

For this study, the primary outcome was whether there was
a difference in DNI between the endometriosis and control
groups, and the secondary outcome was to investigate the
predictive value of DNI for endometriosis.

Statistical analysis

The distribution of continuous variables is presented as mean
and standard deviation (SD) values, while categorical variables
are given as ratios and percentages of the total. Comparison
of continuous variables between groups was performed with
Student’s t-test or Mann-Whitney U test, depending on the
normality of the distribution. Receiver operating characteristic
(ROC) analysis determined the appropriate cut-off point for
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individual indicators and was used to calculate sensitivity and
specificity. The optimal significant cut-off value was calculated
by Youden’'s index. LR was determined as sensitivity/
(1-specificity). Logistic regression analysis was used to predict
the effect of the combined biomarker on endometriosis, which
was calculated by multiplying the RDW level with the DNI at a
95% confidence interval (CI).

Results

A total of 353 patient records were reviewed. Excluded patients
were: 41 with missing complete blood count parameters; 38
older than 45 years of age; two younger than 18 years of age;
two with menopause, and three with pelvic inflammatory
disease. The resulting study population (n=267) consisted of
122 patients diagnosed histopathologically with endometriosis
and 145 controls without endometriosis determined during
surgery and/or by histopathological evaluation. The patients
in the endometriosis group were patients with deep pelvic
endometriosis, tubal diffuse endometriosis, and stage 3-4
(moderate-severe) endometriosis due to OMA (16). No
patient findings suggested mild endometriosis in the patient
records. There was no difference in mean age between the
two groups; mean * SD age in the endometriosis group was
34.84+6.75 years and in the controls was 34.09+£6.94 years
(p=0.379). DNI, RDW and CA-125 were significantly different
in the endometriosis group compared to controls; DNI
was 0.0278+0.0197 vs. 0.220+0.0092 (p=0.034), RDW was
14.443+2.515 vs. 13.594+2.0164 (p=0.003) and CA-125 was
82.19+£178.51 vs. 25.81+35.62 (p<0.001) in the endometriosis
and control groups, respectively. No differences were observed

between the two groups among the other complete blood count
parameters [leukocyte, neutrophil, lymphocyte, monocyte, and
platelet counts, and the neutrophil-to-lymphocyte ratio (NLR)]
(p>0.05) (Table 1). DNI, RDW, and CA-125 were all significantly
positively correlated with the diagnosis of endometriosis
(p<0.05 for all; r=0.13, r=0.19 and r=0.44, for DNI, RDW and
CA-125, respectively). In ROC analysis, for DNI, the cut-off value
was 0.025 and AUC was 0.572, being statistically significant
(p=0.042; 95% CI: 0.503-0.642, sensitivity: 45.9%, specificity:
67.6%, Youden’s index: 0.135). For RDW, the cut-off value
was 13.65 and AUC was 0.601 (p=0.004, 95% CI: 0.553-0.669,
sensitivity: 50.8%, specificity: 67.6%, Youden’s index: 0.184).
In the patient records, the number of patients whose CA-
125 value was available was 141 consisting of endometriosis
(n=85) and controls (n=>56). As previously reported, CA-125
was significantly higher in the endometriosis group (p<0.05)
(6). When ROC analysis was performed for CA-125, for a cut-
off value of 28.54, AUC was 0.759 (p<0.001). In ROC analysis
the specificity of the combination of DNI and RDW was close
to that for CA-125 alone (78.6% vs. 76%) (Figure 1) (Table 2).
For CA-125, although the AUC value was higher than both RDW
and DNI, the number of patients for whom we could reach
CA-125 was much less (n=267 vs. 141). The combined marker
obtained by multiplying DNI and RDW significantly predicted
the diagnosis of endometriosis (p<0.001, Nagelkerke R?=0.72,
95% CI: 2.58-47.26, B: 2.40, negative predictive value: 78.6%,
positive predictive value: 37.7%) (Table 3). The significant cut-
off value for the combined marker was 0.38 (p=0.003; AUC:
0.606; 95% CI: 0.537-0.674; Youden’s index: 0.20; sensitivity:
44.3%; specificity: 76%) (Figure 2).

Table 1. The comparison of inflammatory markers and baseline characteristics between endometriosis and

control groups

Endometriosis patients, (n=122) Control group, (n=145) p
DNI (IG: uL) 0.0278+0.0197 0.0220+0.0092 0.034°
RDW 14.443+2.515 13.594=2.0164 0.003°
Combined DNI/RDW 0.41+0.32 0.23+0.14 0.0032
CA-125 (IU/mL) 82.19%+178.51 25.81+35.62 <0.0012
NLR 3.58+4.042 2.84x1.75 0.634*
WBC (10%/uL) 7.77+2.018 7.77+1.976 0.997°
Lymphocytes (10%/uL) 1.98+0.68 2.02+0.63 0.612°
Neutrophils (10%/uL) 5.05x2.19 5.06=1.78 0.5532
Platelets (10%uL) 268.71+66.17 265.92+69.13 0.737°
MPV (fL) 10.57=0.96 10.49+0.98 0.461°
Age (years) 34.84%6.75 34.09+6.94 0.379°
Having a child (%) 47.6 41.5 0.347¢
Irregular menstruation (%) 56.7 43.3 0.169¢
aMann-Whitney U test. "Student’s t-test. ‘Pearson chi-square, DNI: Delta neutrophil index, IG: Immature granulocyte, RDW: Red blood cell distribution width,
CA-125: Cancer antigen-125, NLR: Neutrophil-to-lymphocyte ratio, WBC: White blood cell count, MPV: Mean platelet volume
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Discussion

In the present study, the combination of two biomarkers (DNI
and RDW) had a better AUC (0.606) performance for moderate-
to-severe endometriosis and a better specificity (76%) than
either of the biomarkers in isolation (both 68%). However,
CA-125 alone had a larger AUC (0.760) and better sensitivity

(65%), but its specificity was similar to that of the combined
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Figure 1. ROC analyses of DNI, RDW, and CA-125 for
prediction of stage 3-4 endometriosis

ROC: Receiver operating characteristic, DNI: Delta neutrophil
index, RDW: Red blood cell distribution width, CA-125: Cancer
antigen-125, IG: Immature granulocyte

marker (79%). In previous studies CA-125 has been reported
to have low sensitivity for the diagnosis of endometriosis
(6). Furthermore, CA-125 levels fluctuate according to the
menstrual cycle phase (17). Kitawaki et al. (18) demonstrated
that CA-125 level was below 20 IU/mL in 10.6% of OMA patients
and 15.6% of middle-stage endometriosis patients. Thus, CA-
125 alone does not appear to be sufficient as a marker for
endometriosis. We believe that a combination of DNI with RDW
may serve as an additional useful biomarker for moderate to
severe endometriosis, especially when CA-125 assays are
unavailable or unreliable. To date, no single marker with high
sensitivity and specificity has been identified for endometriosis.
Instead, it has been suggested that a combination of markers
may more accurately predict endometriosis (6). We found that
the combination of DNI with RDW was helpful in identifying
endometriosis.

Although the sensitivity and specificity of DNI were poor, the
result was significant for a cut-off value of 0.025 (AUC: 0.572;
p=0.042). The cut-off value for RDW of 13.65 performed
somewhat better (AUC: 0.601; p=0.004). The fact that both
markers are obtained very simply from complete blood
count data on modern hematology autoanalyzers is an
advantage. In the present study, all patients were stage 3-4
endometriosis due to either OMA and/or widespread pelvic-
peritoneal-tubal endometriosis in the patients who received
surgical treatment (16). There are three clinical forms of the
disease: superficial peritoneal endometriosis; deep infiltrating
endometriosis; and OMA (19). However, their histopathological
and immunohistochemical features are similar (20). Although
there were no mild endometriosis patients in the present

Table 2. Comparison of the ROC analyses of four markers (DNI, RDW, combination of DNI and RDW, CA-125)

for diagnosis of stage 3-4 endometriosis

Markers AUC ?(;')‘s““’“y’ ?‘;")‘;C‘ﬁc‘ty’ Cut-off | (95% CI) z‘l’(‘i’::“’s p

Lower Upper

limit limit
DNI 0.572 45.9 67.6 0.025 0.503 0.642 0.13 0.042
RDW 0.601 50.8 67.6 13.65 0.553 0.669 0.18 0.004
DNI and RDW 0.606 44.3 76.0 0.38 0.537 0.674 0.20 0.003
CA-125 0.760 64.7 78.6 28.54 0.678 0.841 0.43 <0.001
P<0.05 is significant. ROC: Receiver operating characteristic, DNI: Delta neutrophil index, RDW: Red blood cell distribution width, CA-125: Cancer
antigen-125, AUC: Area under the curve, Cl: Confidence interval

Table 3. Logistic regression analysis showing the predictive effect of combined markers on endometriosis
(omnibus tests of model coefficients: p=0.001; Nagelkerke R?: 0.72)

95% CI Sensitivity, Specificity, | PPV, NPV,
Variables B OR ’ ’ ’ ’

Lower Upper (%) (%) (%) (%) p
Combined marker 2.4 11.04 2.58 47.26 44.3 76 37.7 78.6 0.001

OR: Odds ratio, CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value for combined marker (delta neutrophil index and red

blood cell distribution width)
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Figure 2. ROC analyses of the combination of DNI and RDW
for prediction of stage 3-4 endometriosis

ROC: Receiver operating characteristic, DNI: Delta neutrophil
index, RDW: Red blood cell distribution width

study, this situation suggests that DNI and RDW would be
useful for predicting endometriosis at all stages due to similar
pathogenesis. The insidious, chronic and progressive nature of
endometriosis causes a delay of up to 8 years in diagnosing and
treating the disease (5). Patients with severe dysmenorrhea
may have small lesions in the pelvic cavity, while other patients
with moderate to severe endometriosis may be asymptomatic.
In addition, diagnostic laparoscopy does not eliminate all
possible complications (21). Undiagnosed endometriosis may
lead to the risk of infertility in young patients in the following
years (22). The gold standard for the definitive diagnosis of
advanced endometriosis is laparoscopy. However, laparoscopy
in the early stage may be insufficient for diagnosis (4). In
addition, for OMA, although imaging methods are helpful (2),
there is too much variation in the number of organized blood
products within the endometrioma and in the measurement
of OMA diameter, which complicates the differential diagnosis
of the cystic structure (23). Therefore, the combination of
these complete blood count parameters may offer additional
diagnostic information for the diagnosis of endometriosis.
Combined DNI/RDW may have better sensitivity at all stages
and locations of the disease, although this remains to be
investigated, and is unaffected by the time of collection, unlike
CA-125.

The NLR is the most commonly studied inflammation marker
among complete blood count parameters. Jing et al. (24)

reported on 662 patients with endometriosis and 83 patients
with pathologically benign ovarian tumors, and found that
lymphocyte count, CA-125, and NLR were significantly elevated
in endometriosis patients. For distinguishing endometriosis
from other benign ovarian tumors, the combination of NLR and
CA-125 (81.3%) showed greater sensitivity than CA-125 alone
(80.6%) (24). The sensitivity of NLR alone (32.9%) in this study
was lower than the sensitivity (46%) for DNI in our study. Kim
et al. (25) reported that the severity of endometriosis was not
associated with either NLR or CA-125 levels. Our results were
consistent with these earlier reports. Therefore, NLR does not
appear to be an ideal marker. Since peritoneal markers vary
greatly according to hormonal effect and amount of peritoneal
fluid and are more invasive, serum/blood markers may be more
useful in measuring or monitoring disease activity. Furthermore,
although a large number of blood-borne molecules have been
investigated in research studies, including a wide variety of
cytokines, hormones, growth factors, adhesion molecules,
and antibody levels (6), the analysis of these molecules may
be challenging in routine clinical practice. However, the
combination of DNI and RDW, are automatically calculated by
modern automated blood analyzers.

Neutrophils play a role in innate anti-microbial and anti-viral
immunity but have demonstrated additional function in various
tissues under pathological conditions (26). There is growing
evidence that neutrophils have a role in endometriosis (27).
Systemic inflammation leads to the destruction of circulating
mature neutrophils and the loss of active neutrophils. To
compensate for this, the number of immature neutrophils in the
circulationincreases and a left shift occurs where the immature/
total granulocyte ratio increases, which is an indicator of sepsis
and inflammation (28). Therefore, DNI has been studied as
a marker for many inflammatory and infectious diseases.
Besides being reported as a diagnostic tool that better predicts
mortality during sepsis than CRP (29), it has been indicated to
predict perforation in patients with appendicitis (30). DNI has
also been studied in obstetric patients. In women with severe
preeclampsia, serum DNI value was increased compared to
women with normal pregnancy or mild preeclampsia (31).
In another study, DNI was a predictive marker for histological
chorioamnionitis in patients with preterm premature rupture
of membranes (32). In other studies, a higher DNI has been
reported as a prognostic marker of conditions such as cardiac
arrest and pulmonary embolism, and based on these studies,
DNI values were considered to reflect both the severity of the
infection and the severity of diseases associated with systemic
and sterile inflammation in the absence of infection (33,34).
Moreover, DNI is time and cost-effective, as it is simply analyzed
with a complete blood count (35). The present study found
DNI to be significantly higher in endometriosis patients since
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it is known that endometriosis is associated with inflammatory
response, and DNI increases inflammation.

In the present study, RDW was significantly larger in the
endometriosis group compared to the control group, and its
specificity was the same as DNI in predicting endometriosis
(p<0.05, 68%). Recently, RDW has been recognized as an
inflammation-related marker. Inflammation is also a key
feature of endothelial dysfunction, and this results in an
increased RDW, indicating abnormal erythrocyte survival (14).
Besides the disruption of iron metabolism during inflammation
and the effect of cytokines released during inflammation, the
disruption of the erythropoietin response, leads to anisocytosis
and an abnormal RDW. Some evidence indicates the potential
role of iron metabolism disorders in the pathogenesis of
endometriosis. Iron accumulated in the peritoneal cavity of
women with endometriosis causes free radical production,
inflammation, and cell damage (36). As a result of all this,
it is plausible that RDW is altered in endometriosis, an
inflammatory condition (37). In addition, Lippi et al. (38)
demonstrated that RDW significantly correlated with CRP and
erythrocyte sedimentation rate. In a study consisting of 98
patients, RDW was significantly higher in the endometriosis
(n=50) group compared to the control group (n=48), and RDW
was found to be associated with the severity of endometriosis
(39). In the present study, RDW was significantly wider in the
endometriosis group, and our cohort size was larger. Qin et al.
(40) determined a positive correlation between endometriosis
score and RDW; however, surprisingly, there was no significant
association between CA-125 and NLR. As the study population
included only women with moderate to severe endometriosis,
as in our study, they could not exclude the possibility that NLR
was associated with the severity of early-stage endometriosis.
However, NLR was not a good marker for assessing the
severity of endometriosis in patients with moderate to severe
endometriosis (40). In another study, a comparison between
patients with stage 3 (n=96) and stage 4 (n=87) endometriosis
showed that mean levels of CA-125 and RDW were significantly
higher in stage 4 patients than in stage 3 patients (41).
Although OMA is a condition in which advanced endometriosis
can be diagnosed preoperatively, many patients with advanced
endometriosis may be asymptomatic. It has been suggested
that in patients with stage 3 or 4 endometriosis, removing
only the OMA and leaving possible pelvic and intestinal
endometriotic foci in place would be inadequate treatment (42).
In this context, a biomarker that will enable the preoperative
identification of stage 3/4 endometriosis patients can provide
additional early information when considering extensive pelvic
surgery in advance.

Study limitations

This study had some limitations. First, the data used were
obtained from a single center, and since it was a retrospective
study, causality cannot be determined. DNI was calculated for
each patient from a one-off blood sample only. Therefore, we
did not know the changes over time. In our clinic, automatic
IG count parameters could only be obtained after 2018, which
limited the available data and the number of patients. We could
not include the patients’ body mass indexes since they were
not recorded in the patient files. Finally, all patients had been
diagnosed with moderate-to-advanced endometriosis and
so the combination of DNI and RDW should be assessed in
patients with lower grades of endometriosis.

Conclusion

Inflammation-mediated mechanisms play a critical role in the
etiology of endometriosis. Therefore, DNI, which is prognostic
in many inflammatory and systemic diseases, can be used as
a new low-cost and rapid marker in endometriosis. Elucidating
how and why DNI is associated with the endometriosis may
provide increased understanding of pathophysiology. In this
sense, well-designed prospective studies are needed better to
understand the role of DNI.

Ethics Committee Approval: The study was approved by the
Afyonkarahisar University of Health Sciences Clinical Research
Ethics Committee Medical Ethics Committee (approval number:
2022/507).

Informed Consent: It was obtained.

Author Contributions: Surgical and Medical Practices:
O.K.G., M.Y; Concept: O.K.G.; Design: O.K.G.; Data Collection
or Processing: O.K.G., M.Y.; Analysis or Interpretation: O.K.G.;
Literature Search: O.K.G.; Writing: O.K.G., M.Y.

Contflict of Interest: No conflict of interest is declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. As-Sanie S, Black R, Giudice LC, Valbrun TG, Gupta J, Jones B, et al.
Assessing research gaps and unmet needs in endometriosis. Am J
Obstet Gynecol 2019; 221: 86-94.

2. Jiang J, Jiang Z, Xue M. Serum and peritoneal fluid levels of
interleukin-6 and interleukin-37 as biomarkers for endometriosis.
Gynecol Endocrinol 2019; 35: 571-5.



36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kayacik Giinday and Yilmazer.
DNI, endometriosis

J Turk Ger Gynecol Assoc 2024; 25: 30-7

Becker CM, Bokor A, Heikinheimo O, Horne A, Jansen F, Kiesel L, et
al. ESHRE guideline: endometriosis. Hum Reprod Open 2022; 2022:
hoac009.

Jorgensen E, Fitzgerald A, Clark N. Evolving best practices in the
surgical management of endometriosis - examining the evidence
and expert opinion. Curr Opin Obstet Gynecol 2023; 35: 383-8.
Ghai V, Jan H, Shakir F, Haines P, Kent A. Diagnostic delay for
superficial and deep endometriosis in the United Kingdom. J
Obstet Gynaecol 2020; 40: 83-9.

O DF, Flores I, Waelkens E, D'Hooghe T. Noninvasive diagnosis of
endometriosis: Review of current peripheral blood and endometrial
biomarkers. Best Pract Res Clin Obstet Gynaecol 2018; 50: 72-83.
Patel BG, Lenk EE, Lebovic DI, Shu 'Y, Yu J, Taylor RN. Pathogenesis
of endometriosis: Interaction between Endocrine and inflammatory
pathways. Best Pract Res Clin Obstet Gynaecol 2018; 50: 50-60.

Kokot I, Piwowar A, Jedryka M, Sotkiewicz K, Kratz EM. Diagnostic
Significance of Selected Serum Inflammatory Markers in Women
with Advanced Endometriosis. Int J Mol Sci 2021; 22: 2295.

Abbaszadeh M, Karimi M, Rajaei S. The landscape of non-coding
RNAs in the immunopathogenesis of Endometriosis. Front Immunol
2023; 14: 1223828.

Clarizia R, Capezzuoli T, Ceccarello M, Zorzi C, Stepniewska A,
Roviglione G, et al. Inflammation calls for more: Severe pelvic
inflammatory disease with or without endometriosis. Outcomes
on 311 laparoscopically treated women. J Gynecol Obstet Hum
Reprod 2021; 50: 101811.

Ahn C, Kim W, Lim TH, Cho Y, Choi KS, Jang BH. The delta
neutrophil index (DNI) as a prognostic marker for mortality in
adults with sepsis: a systematic review and meta-analysis. Sci Rep
2018; 8: 6621.

Soh JS, Lim SW. Delta neutrophil index as a prognostic marker in
emergent abdominal surgery. J Clin Lab Anal 2019; 33: e22895.
Comcali B, Kocaoz S, Altun Ozdemir B, Canlikarakaya F,
Korukluoglu B. What is the effectiveness of the Tzanakis scoring
system modified by the Delta Neutrophil Index in the diagnosis
of acute appendicitis in pregnant women? Eur J Obstet Gynecol
Reprod Biol 2021; 264: 219-23.

Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood
cell distribution width: A simple parameter with multiple clinical
applications. Crit Rev Clin Lab Sci 2015; 52: 86-105.

Ozcan F, Turak O, Durak A, Isleyen A, Ucar F, Ginis Z, et al. Red cell
distribution width and inflammation in patients with non-dipper
hypertension. Blood Press 2013; 22: 80-5.

Andres MP, Borrelli GM, Abrao MS. Endometriosis classification
according to pain symptoms: can the ASRM classification be
improved? Best Pract Res Clin Obstet Gynaecol 2018; 51: 111-8.

Kafali H, Artuc H, Demir N. Use of CA125 fluctuation during the
menstrual cycle as a tool in the clinical diagnosis of endometriosis;
a preliminary report. Eur J Obstet Gynecol Reprod Biol 2004; 116:
85-8.

Kitawaki J, Ishihara H, Koshiba H, Kiyomizu M, Teramoto M,
Kitaoka Y, et al. Usefulness and limits of CA-125 in diagnosis of
endometriosis without associated ovarian endometriomas. Hum
Reprod 2005; 20: 1999-2003.

Imperiale L, Nisolle M, Noél JC, Fastrez M. Three Types of
Endometriosis: Pathogenesis, Diagnosis and Treatment. State of the
Art. J Clin Med 2023; 12: 994.

QiuMY, Wang YP, Ren R, Sun YR, Xiao SQ, Han L. Clinicopathological
correlations of peritoneal endometriosis and deep infiltrating
endometriosis. Ann Med 2023; 55: 2244877.

Clark NV, Dmello M, Griffith KC, Gu X, Ajao MO, Cohen SL, et al.
Laparoscopic treatment of endometriosis and predictors of major

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

complications: A retrospective cohort study. Acta Obstet Gynecol
Scand 2020; 99: 317-23.

Benaglia L, Castiglioni M, Paffoni A, Sarais V, Vercellini P, Somigliana
E. Is endometrioma-associated damage to ovarian reserve
progressive? Insights from IVF cycles. Eur J Obstet Gynecol Reprod
Biol 2017; 217: 101-5.

Dupuis CS, Kim YH. Ultrasonography of adnexal causes of
acute pelvic pain in pre-menopausal non-pregnant women.
Ultrasonography 2015; 34: 258-67.

Jing X, Li C, Sun J, Peng J, Dou Y, Xu X, et al. Systemic Inflammatory
Response Markers Associated with Infertility and Endometrioma or
Uterine Leiomyoma in Endometriosis. Ther Clin Risk Manag 2020
May; 16: 403-12.

Kim SK, Park JY, Jee BC, Suh CS, Kim SH. Association of the
neutrophil-to-lymphocyte ratio and CA 125 with the endometriosis
score. Clin Exp Reprod Med 2014; 41: 151-7.

Rosales C. Neutrophil: A Cell with Many Roles in Inflammation or
Several Cell Types? Front Physiol 2018; 9: 113.

Wang X, Jia Y, Li D, Guo X, Zhou Z, Qi M, et al. The Abundance and
Function of Neutrophils in the Endometriosis Systemic and Pelvic
Microenvironment. Mediators Inflamm 2023; 2023: 1481489.
Ansari-Lari MA, Kickler TS, Borowitz MJ. Immature granulocyte
measurement using the Sysmex XE-2100. Relationship to infection
and sepsis. Am J Clin Pathol 2003; 120: 795-9.

Seok Y, Choi JR, Kim J, Kim YK, Lee J, Song J, et al. Delta neutrophil
index: a promising diagnostic and prognostic marker for sepsis.
Shock 2012; 37: 242-6.

Shin DH, Cho YS, Kim YS, Ahn HC, Oh YT, Park SO, et al. Delta
neutrophil index: A reliable marker to differentiate perforated
appendicitis from non-perforated appendicitis in the elderly. J Clin
Lab Anal 2018; 32: e22177.

Cho HY, Jung I, Kim SJ, Park YW, Kim YH, Kwon JY. Increased
delta neutrophil index in women with severe preeclampsia. Am J
Reprod Immunol 2017; 78.

Cho HY, Jung I, Kwon JY, Kim SJ, Park YW, Kim YH. The
Delta Neutrophil Index as a predictive marker of histological
chorioamnionitis in patients with preterm premature rupture of
membranes: A retrospective study. PLoS One 2017; 12: e0173382.
Kong T, Park YS, Lee HS, Kim S, Lee JW, Yu G, et al. Value of the
Delta Neutrophil Index for Predicting 28-Day Mortality in Patients
with Acute Pulmonary Embolism in the Emergency Department.
Shock 2018; 49: 649-57.

Yoon SH, Lee EJ, Lee J, Kim MK, Ahn JG. Prognostic value of the
delta neutrophil index in pediatric cardiac arrest. Sci Rep 2020; 10:
3497.

Fang DZ, Sran G, Gessner D, Loftus PD, Folkins A, Christopher JY,
3rd, et al. Cost and turn-around time display decreases inpatient
ordering of reference laboratory tests: a time series. BMJ Qual Saf
2014; 23: 994-1000.

Wyatt J, Fernando SM, Powell SG, Hill CJ, Arshad I, Probert C, et al.
The role of iron in the pathogenesis of endometriosis: a systematic
review. Hum Reprod Open 2023; 2023: hoad033.

Jiang Y, Jiang FQ, Kong F, An M-M, Jin BB, Cao D, et al. Inflammatory
anemia-associated parameters are related to 28-day mortality in
patients with sepsis admitted to the ICU: a preliminary observational
study. Ann Intensive Care 2019; 9: 67.

Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G,
Guidi GC. Relation between red blood cell distribution width
and inflammatory biomarkers in a large cohort of unselected
outpatients. Arch Pathol Lab Med 2009; 133: 628-32.



J Turk Ger Gynecol Assoc 2024; 25: 30-7

Kayacik Giinday and Yilmazer.
DNI, endometriosis 3 7

39.

40.

Kurt RK, Dogan AC, Yesilyurt H, Karateke A, Okyay AG. Relation
of red cell distribution width to the presence and severity of
endometriosis. Clin Exp Obstet Gynecol 2014; 41: 713-6.

Qin YY, Wu YY, Xian XY, Qin JQ, Lai ZF, Liao L, et al. Single and
combined use of red cell distribution width, mean platelet volume,
and cancer antigen 125 for differential diagnosis of ovarian cancer
and benign ovarian tumors. J Ovarian Res 2018; 11: 10.

41.

42.

Tavoli Z, Tabatabaei F, Zebardast J, Montazeri A. Are measuring CA-
125 and RDW in stage Il and IV endometriosis helpful for operative
planning. Medical Science 2019; 23: 694-9.

Kwok H, Jiang H, Li T, Yang H, Fei H, Cheng L, et al. Lesion
distribution characteristics of deep infiltrating endometriosis with
ovarian endometrioma: an observational clinical study. BMC
Womens Health 2020; 20: 111.



