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Evaluation inflammatory markers of hemogram
parameters in primary ovarian insufficiency
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Abstract

Objective: In most of primary ovarian insufficiency (POI) cases, etiologic factors have not been fully elucidated. Recent studies have revealed that
inflammatory agents play an important role in the etiopathogenesis of POI. Therefore, the aim of this study was to investigate the role of inflammatory
markers of hemogram parameters in POL

Materials and Methods: The study compared 47 healthy women and 47 women diagnosed as having POI retrospectively by scanning electronic and
written recording systems. Complete blood counts, day-3 hormone profiles levels of all subjects were analyzed. The neutrophil-lymphocyte ratio (NLR),
red cell distribution width (RDW), platelet ratio (RPR), platelet lymphocyte ratio (PLR), and mean platelet volume (MPV) mean platelet lymphocyte ratio
(MPLR) were calculated from the complete blood count parameters.

Results: White blood cell and MPV values, platelet, and lymphocyte counts were significantly higher in the POI patients (p<0.001, p=0.042, p=0.038,
p=0.049, respectively), RPR was significantly lower than the control group (p=0.011), but there were no significant differences in hemoglobin, RDW,
NLR, PLR, and MPLR (p=0.454, p=0.057, p=0.635, p=0.780, p=0.126, respectively). The neutrophil count of the study group was higher than in the
control group (p=0.057). Bivariate correlation analyses showed no correlations between blood parameters and hormone levels. The area under the receiver
operating characteristic curve for RPR in POI was 0.652, with a threshold value 0.053, sensitivity=63% and specificity=63.

Conclusion: Inflammatory markers of hemogram detected higher in patients with POI then control subjects.
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Oz

Amac: Pek cok primer ovaryen yetersizlik (POI) olgusunda yeterli etiyolojik degerlendirme yapilmamaktadir. Mevcut calismalar POI etyopatogenezinde
enflamatuvar belirteclerin roli ololdugunu gostermistir. Bu calismanin amaci POI hastalarinda hemogram parametrelerindeki enflamatuvar belirteclerinin
rolunii arastirmaktir.

Gerec ve Yontemler: Calismada 47 saglikli kadin ile 47 POI hastas: kadinin hastane kayitlan retrospektiif olarak karsilastirilmistir. Hemogram, ve 3. gin
bakilan hormon profilleri degerlendirilmistir. Hemogram bulgularindan elde edilen notrofil lenfosit orani (NLR), eritrosit dagihm genisligi (RDW) platelet
orant (RPR), platelet lenfosit orani (PLR) ve ortalama platelet hacmi (MPV) ortalama platelet lenfosit orant (MPLR) hesaplanmuistir.

Bulgular: Lokosit ve ortalama MPV degerleri, platelet ve lenfosit sayilar1 POI hastalarinda daha ytiksek saptanmustr (sirast ile p<0,001, p=0,042, p=0,038,
p=0,049), RPR ise kontrol grubuna gore daha disuk saptanmustir (p=0,011). Hemoglobin, RDW, NLR, PLR ve MPLR (p=0,454, p=0,057, p=0,635,
p=0,780, p=0,126) acisindan ise fark saptanmamistir. Hasta grubunda notrofil sayist daha ytiksek bulunmustur (p=0,057). Bivariate korelasyon analizlerinde
hemogram parametreleri ile hormonal duzeyler arasinda bir korelasyon saptanmamustir. POI hastalarinda RPR i¢in egri altinda kalan alan 0.652, sensitivite:
%63 and spesifite: 63 bulunmustur.

Sonug: POI olgularinda hemogramda enflamasyonda artan belirtecler kontrol grubuna gore daha ytiksek saptanmistir.

Anahtar Kelimeler: Primer ovaryen yetersizlik, enflamasyon, hemogram

PRECIS: Inflammatory markers of hemogram detected higher in patients with POI then control subjects.
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Introduction

Primary ovarian insufficiency (POI), also known as premature
ovarian failure prior to 2008, is defined as the presence of
reduced ovarian functions in women younger than 40 years,
characterized by oligo- or amenorrhea, sub- or infertility, loss
of residual follicles in the gonads, low estradiol levels, and high
(menopausal) follicle-stimulating hormone (FSH) levels" . The
risk of POl in women before the age of 40 is 1%®. POI is seen
in one ten thousand™ in the 18-25 age group, one thousand™ in
the 25-30 age group, and one percent in the 35-40 age group.
Fifteen percent of patients with POI are familial, suggesting an
underlying genetic factor*>.

In the case of oligo- or amenorrhea (primary or secondary) for
4-6 months, the presence of hypergonadotropic hypogonadism
in any woman younger than 40 years is sufficient for the
diagnosis of POI®. However, symptoms of hypoestrogenism,
the decrease in ovarian functions, and pace of events may
affect the clinical picture. Thus, clinical manifestations of POI
are diverse, including underlying etiologic factors, and the
clinical manifestations of hypoestrogenism, such as hot flashes,
dyspareunia, sleep disorders, decreased libido or vaginal
dryness. Therefore, clinical manifestations of POI are diverse,
including clinical signs of underlying etiologic factors and
symptoms of hypoestrogenism such as hot flashes, dyspareunia,
sleep disorders, decreased libido or vaginal dryness”®.

A number of reasons for the etiopathogenesis of POI have been
elucidated. Some of them are genetic anomalies, metabolic
diseases, autoimmunity, iatrogenic events such as chemotherapy,
infections, and environmental factors. However, in most cases
the etiologic factor cannot be known and therefore these cases
are called spontaneous or idiopathic®”. Recent studies have
revealed that inflammatory agents play an important role in
the etiopathogenesis of POI. In ovarian biopsies of patients
with POI, it was shown that there are inflammatory cells
associated with lymphocytic infiltration and other immune
responses”!? Inflamm-aging, defined as inflammation caused
by aging, and inflammatory cells reacting at ovaries as a result
of autoimmunity play an important role in idiopathic and
unknown cases'*!>. It has also been demonstrated in studies
that estrogen depletion leads to pro-inflammatory processes
secondary to an increase in proinflammatory markers, and oral
estrogen treatment leads to a reduction in inflammatory marker
concentrations®??. Inflammation, which plays a role in the
etiopathogenesis of POI, and increased inflammatory markers
triggered by decreased estrogen after POI development enter a
cycle that triggers each other.

The aim of this study was to reveal the pathophysiologic role of
inflammation and inflammatory markers in POI by comparing
inflammatory markers including neutrophils, lymphocytes, and
the values of hemoglobin (HGB), white blood cell (WBC), mean
platelet volume (MPV), red cell distribution width (RDW),
neutrophil lymphocyte ratio (NLR), RDW platelet ratio (RPR),
platelet lymphocyte ratio (PLR), mean platelet lymphocyte
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ratio (MPLR) with a control group, to determine whether these
markers could be used in the diagnosis and to investigate
relationships between these markers and hormones such as
FSH and luteinizing hormone (LH).

Materials and Methods

This study was conducted as a retrospective and comparative
cross sectional study at Canakkale Onsekiz Mart University
Hospital between January 2016 and December 2018 and
Canakkale State Hospital between January 2016 and December
2017. The study group comprised 47 patients with POI who
were admitted to these clinics, and the control group consisted
of 47 healthy females. All procedures performed in human
studies were conducted in accordance with the ethical standards
of the institutional and/or national research committee and the
ethical standards of the 1964 Helsinki Declaration. The study
was approved by Canakkale Onsekiz Mart University Local
Ethics Committee (approval number: 02.05.2018/09).

Patients aged between 20 and 40 years who were diagnosed as
having POI were included in the study group. Women aged <40
years with elevated FSH levels >25 mIU/mL and accompanying 4-6
months of amenorrhea or oligomenorrhea periods, as identified
in european society of human reproduction and embryology
guideline, were considered ashaving POI®. Exclusion criteria of the
study group were polycystic ovary syndrome, pregnancy, chronic
medical disease, hyperprolactinemia, presence of hypothalamic
or pituitary disease, hyperthyroidism, chemotherapy, and pelvic
surgery prior to study and abnormal karyotype analysis. The
inclusion criteria for healthy individuals in the control group
were in the age range of 20-40 years, regular menstrual cycles, no
use of drugs including contraceptive hormone therapies, and no
known chronic disease.

From all of the participants, blood samples taken after 8-10
hours of fasting were collected in a tube with ethylenediamine
tetraacetic acid (EDTA) and in a gel tube without anticoagulant.
Complete blood counts in the tubes with EDTA were analyzed
using an auto hematology analyzer. In this study, we evaluated
the analytical performance of automated cellular analyzers for
BF analysis: the UniCel DxH 800 (Beckman Coulter, Brea,
CA, USA). Plasma levels of FSH, LH, prolactin, and thyroid-
stimulating hormone in the gel tubes were measured by
electrochemiluminescence immunoassay on a Cobas 6000
analyzer (Roche Diagnostics Germany) after centrifuging
and separating their serum. NLR, RPR, PLR, and MPLR were
calculated from the complete blood count parameters.

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Science (SPSS) statistics 20 software. The data
were reported as the mean = SD and median (minimum-
maximum). The Shapiro-Wilk tests, skewness and kurtosis
values, histograms, and detrended normal g-q plots were
used for normality analyses of parameters. Student’s t-test
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was used for comparisons between groups of parameters with
normal distribution, and the Mann-Whitney U test was used
for parameters with non-normal distribution. According to
parameter suitability Pearson’s (for normal distribution) or
Spearman’s correlation tests were used for correlation analyses.
P<0.05 was considered as statistically significant.

Results

The average and median age of patients with POI and the
control group were 31.6+7.05 and 35 (range, 20-40) years
and 30.3+5.38 and 31 (range, 20-39) years. The baseline
characteristics and hormone levels of both groups are shown
in Table 1.

The mean levels (with standard deviations) and median levels
(with minimum and maximum) of blood parameters of 47
patients with POI and 47 healthy individuals are depicted in
Table 2. When the parameters in the complete blood count were
analyzed, it was found that values of WBC and MPV, platelet and
lymphocyte counts were significantly higher in the POI patients

Study group (n=47)
Mean = SD

Median (min-max)

FSH 63.4£25.9 59.3(29-125)
LH 30.6+£19.3 25.8 (3.3-89.6)
PRL 15.2+8.5 13.1 (6.3-58.5)
TSH 2.5£1.3 2.2(0.1-6.6)
Glucose 87.6£16.4 89 (8.8-115)

Table 1. Baseline characteristics and hormone levels of the primary ovarian insufficiency patients and the control group

(p<0.001, p=0.042, p=0.038, p=0.049, respectively), RPR
was significantly lower than the control group (p=0.011), but
there were no significant differences in HGB, RDW, NLR, PLR,
and MPLR (p=0.454, p=0.057, p=0.635, p=0.780, p=0.126,
respectively). The neutrophil count of the study group was
higher than in the control group. However, even though there
was not a significant relationship, the p value was very near to
0.05 (p=0.057).

Bivariate correlation analyses were conducted to determine
relationships between the hormone levels (FSH and LH) and
parameters of complete blood count in patients with POI
(Table 3). However, no correlations were found between blood
parameters and hormone levels in patients with POL

We also performed receiver operating characteristic (ROC)
curve analysis for RPR in the POI group. The area under
the ROC curve for RPR in POl was 0.652 (Figure 1), with a
threshold value 0.053. It discriminated patients with POI lower
than 0.053 with a sensitivity=63% and specificity=63% (95%
CI: 0.540-0.764; p=0.011).

Control group (n=47)

Mean + SD Median (min-max)

7.3+2.7 6.8 (2.5-14.3) <0.0011
8.6+4.2 7.3 (3-19.9) <0.001!
16.9+9.2 15.1 (3.3-57.5) 0.1432
2.3+1.2 2.1(0.5-5.6) 0.5331
89.7+9.7 90.4 (70.7-110) 0.6662

SD: Standard deviation, Min: Minimum, Max: Maximum, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, PRL: Prolactin, TSH: Thyroid-stimulating hormone, !Student’s

t-test, 2Mann-Whitney U test

Table 2. Blood parameters of the primary ovarian insufficiency patients and the control group

Study group (n=47)

Mean = SD Median (min-max)

Control group (n=47)

WBC 9.1£2.3 9 (5.1-15.9)

HGB 13.1+3.4 12.5(9.2-33.4)
Platelet 204.7£77.8 278 (156-456)
MPV 8.7+0.9 8.7 (6.9-10.6)
Neutrophil 6.1£5.7 4.7 (1.3-28.7)
Lymphocyte 2.4£0.7 2.5(0.7-3.9)
RDW 14.2+2.6 13.5(11.8-28.7)
NLR 2.95+3.42 1.74 (0.41-16.9)
PLR 133.4+53.5 121.3 (58.4-320)
RPR 0.051+0.017 0.048 (0.03-0.111)
MPLR 4.11+2.1 3.61 (2.15-15.14)

Mean = SD Median (min-max)

7.4£2.8 6.9 (4.2-22.4) <0.0012
12.7£1.5 13 (8.2-14.5) 0.4542
262.5£72.4 250 (109-515) 0.0422
8.3+1.1 8.4 (5.4-11) 0.038!
4.9£52 3.7(0.2-29.3) 0.0572
2.1+0.8 2.2 (1.1-4.6) 0.0492
14.8+3.5 13.8 (12-28.7) 0.2332
2.63+2.94 1.75 (0.04-17.06) 0.7542
139.5+65.4 130.5 (45.4-400.9) 0.7802
0.06+0.02 0.054 (0.34-0.126) 0.0112
4.43+1.63 421 (1.76-7.54) 0.1262

SD: Standard deviation, Min: Minimum, Max: Maximum, WBC: White blood cell, HGB: Hemoglobin, MPV: Mean platelet volume, RDW: Red cell distribution width, NLR: Neutrophil
lymphocyte ratio, RPR: Platelet ratio, RDW: red cell distribution width, PLR: Platelet lymphocyte ratio, MPLR: MPV lymphocyte ratio, !Student’s t-test, 2Mann-Whitney U test
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Discussion

The etiology is not known in 90% of POI cases and it is thought
that autoimmunity and inflammation may play an important
role in ovarian dysfunction in most of these unknown cases.

ROC Curve
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Figure 1. Receiver operating characteristic curve of platelet ratio to
predict cases with primary ovarian insufficiency

ROC: Receiver operating characteristic

Table 3. Correlations between follicle-stimulating hormone,
luteinizing hormone, and blood parameters

FSH LH

R R P R P

WBC 0.126  0.4002 0209  0.1592
HGB 0.101 0.4982 -0.049 0.7412
Platelet 0.097 05162 -0.072  0.6322
MPV -0.179 0.230! -0.171  0.250!
Neutrophil -0.225 01292 -0.118  0.4302
Lymphocyte 0225 0.1282 0.115  0.4432
RDW -0.227 0.1242 -0.056  0.7102
NLR -0.242 0.1012  -0.102  0.4952
PLR -0.141  0.344> -0.126  0.4002
RPR -0.168 0.2582 0.026  0.8642
MPLR -0.248 0.0932  -0.093  0.535?

FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, WBC: White blood count,
HGB: Hemoglobin, MPV: Mean platelet volume, RDW: Red cell distribution width NLR:
Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio, RPR: RDW platelet ratio,
MPLR: MPV lymphocyte ratio, 'Pearson’s correlation test, 2Spearman’s correlation test
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In recent years, some studies have been published on the
increasing importance of inflammatory agents in ovarian
diseases. Interests in this issue have been raised by the detection
of xanthogranulomatous inflammation in a case with POI by
Singh et al.?". In an experimental study on mice by Altuntas et
al.@? it was demonstrated that the targeting action of inhibin-
alpha on autoimmunity was initiated by CD4 T helper cells,
by stimulating B cells. Said et al.*” also found that in primary
ovarian failure induced by ionizing radiation and resveratrol,
the expression of proinflammatory factors was increased
and anti-inflammatory factors were inhibited. Tung et al.*¥
showed that in loss of immune regulation in a mouse model,
B lymphocytes stimulated by proinflammatory T lymphocytes
and autoantibodies against oocyte antigens played important
roles in the pathogenesis of POL. Huang et al."* claimed in
their review article that increased inflammatory cytokines and
decreased anti-inflammatory cytokines played a crucial role in
aging-related inflammation and POI. In addition, a decrease in
the body’s estrogen concentration during POI can lead to the
activation of the pro-inflammatory pathway and B cells, tumor
necrosis factor-a, interferon-y, interleukin 1 and natural killer
cells involved in this pathway®.

Randomized controlled studies investigating the role of
inflammatory markers in etiopathogenesis of POI is not
sufficiently available in the literature. The first study on this
subject was conducted by Miyake et al.*?. In this study,
subtypes of lymphocytes and autoantibodies of peripheral blood
lymphocytes were investigated in 20 patients with POI. They
found that the total lymphocyte count and CD4 T lymphocyte
count were increased and CD8 T lymphocytes count was
decreased in patients with POI compared with women in the
same age group. However, these differences were not significant.
Although lymphocyte subgroups were not investigated in our
study, the lymphocyte count was significantly increased in the
POI patients. In recent years, there have been studies showing
that the lymphocyte count increased significantly in patients
with POI; however, there are also studies in which no significant
differences were found. In a study conducted by Yildirnm et
al.?® on investigating inflammatory markers including 43
patients in the study group and 41 women in the control
group, they showed that lymphocyte counts were significantly
increased in the study group, but there were no significant
differences in neutrophil counts and values of WBC and MPV.
In a study conducted by Sanverdi et al.?® on 96 patients POI
and 110 healthy women, although the lymphocyte count was
significantly increased and neutrophil count was significantly
decreased, no significant changes were observed in parameters
including MPV, RDW, and platelet count. However, ilhan et
al.®® and Akdemir et al.®” found no significant differences
between neutrophil and lymphocyte counts in their studies
on complete blood counts in patients with POI®?. In our
results, values of WBCs and MPV, platelets, and lymphocyte
counts were significantly increased in patients with POI, but
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there were no significant changes in values of HBG, RDW, and
neutrophil count compared with the control group. While the
above-mentioned studies showed no significant correlations
between hormone levels and inflammatory parameters, there
were also no significant correlations between them in our study.
The NLR, RPR, PLR, and MPLR have been reported as laboratory
markers for inflammation and diseases related to inflammatory
processes®®. This NLR is a method that is frequently used in
recent years to determine the degree of inflammation because it
is easy to measure, frequent, and cheap®-?. In the literature, the
predictive value of NLR in diabetes mellitus, thyroid dysfunction,
essential hypertension, renal disease, heart valve disease,
autoimmune diseases, and malignancies including ovarian, lung,
renal, and colorectal cancers has been investigated®-*?. The PLR
has also been found to be an independent risk factor for survival
in patients with malignancies such as pancreatic and colorectal
cancer®*”. The RPR has resulted in a valuable new laboratory
test for predicting mortality in acute pancreatitis, hepatic
fibrosis, and cirrhosis“'*?. The PLR was also found to be an
independent risk factor for survival in patients with malignancies
such as pancreatic and colorectal cancer. The predictive value of
NLR in POI and whether it can be used in the diagnosis of POI
has been a frequent research topic in recent studies. {lhan et
al.®® used NLR, PLR, and RPR as diagnostic markers in patients
with POI and they found that only NLR showed a statistically
significant difference between the groups. ROC analysis showed
that NLR could be a marker for the diagnosis of POI. In this
study, NLR was found to be significantly increased in patients
with POI, whereas Sanverdi et al.?® and Yildirim et al.?® found
that NLR was significantly decreased in women with POI. In the
study conducted by Akdemir et al.*”, there was no significant
difference in NLR rates between the groups, as we found.
Sanverdi et al.?? also found that MPLR was significantly higher
in the POI group and MPLR might be a marker for the diagnosis
of POL. When the results of this literature and our results are
evaluated together, it can be concluded that the use of NLR in
the early diagnosis of POI is not correct, but according to our
ROC analysis, RPR can be used for the diagnosis of POL

Conclusion

In conclusion, inflammatory markers of hemogram were
detected higher in patients with POI than in control subjects.
Even though the role of inflammatory cytokines in the
etiopathogenesis of POI has been elucidated in experimental
studies, it has not been adequately demonstrated in clinical
studies. More studies with more patient groups are needed to
reveal the role of inflammation and inflammatory markers of
hemogram in the pathogenesis of POL.
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