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Abstract

Objective To investigate the inflammatory markers in pol-
ycystic ovary syndrome (PCOS) and associations of these
markers with obesity and in vitro fertilization (IVF) outcomes.
Methods A total of 292 women underwent IVF procedure
either with PCOS (n = 146) or without PCOS (n = 146, age,
and body mass index (BMI) matched controls) were included
in the study. All patients were classified according to BMI
levels (normal weight: NW, BMI <25 kg/m2 and obese: OB,
BMI >25 kg/m?). The inflammatory markers were leukocyte
count, neutrophil/lymphocyte ratio (NLR), platelet/lympho-
cyte ratio (PLR), mean platelet volume (MPV).

Results BMI of PCOS was positively correlated with leu-
kocyte, neutrophil, lymphocyte and MPV (p < 0.05), but
negatively correlated with NLR and PLR (p < 0.05). Both
NLR and PLR increased significantly in PCOS (p < 0.001).
PLR increased significantly in NW-PCOS compared the
NW-controls and OB-PCOS. MPV values increased only
in OB-PCOS subjects. The logistic regression analyzes
showed that MPV was the independent variable in PCOS to
effect CPR (p = 0.000; OR 0.1; CI 0.06-0.2).

Conclusions NLR and PLR were significantly increased
in all PCOS subjects compared to the BMI-matched con-
trols. Despite PLR being decreased by adiposity, PLR
increased in NW-PCOS. These results are supporting the
hypothesis that PCOS is a chronic inflammatory process
independent of obesity. MPV levels were independently
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associated with CPR in PCOS. Further prospective studies
concerning inflammation and IVF outcomes of PCOS are
needed.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy and affects 5-10 % of women in their
reproductive years. It is characterized by a higher preva-
lence of obesity, ovulatory dysfunction, and hyperandro-
genism. The majority of the women with PCOS are over-
weight or obese and over the long term, they are prone to
metabolic abnormalities, dyslipidemia, diabetes mellitus,
and cardiovascular diseases [1].

Polycystic ovary syndrome is a complex and multifactorial
disease with metabolic dysfunction and the etiopathogenesis
is not well established [1]. Emerging data suggest that adipos-
ity and chronic low-grade inflammation are involved in the
development of the metabolic dysfunction. The inflammatory
mediators in PCOS have been linked to hyperandrogenism,
insulin resistance, type 2 diabetes, and cardiovascular risk
factors. Prior studies have suggested that PCOS is a proin-
flammatory condition with increased levels of plasminogen
activator inhibitor, TNF-alpha, and interleukin (IL) [2-12].

Adipose tissue is an active endocrine organ that secretes
hormones, adipokines, and cytokines [8]. One suggested
a mechanism of inflammation is PCOS-related adipo-
cyte hypertrophy that leads to a compression of vessels,
hypoxia, and elevated inflammatory markers (TNF, IL)
[8]. Previous studies have demonstrated increased TNF
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and IL-6 levels in follicular fluid of PCOS subjects. TNF
is a potential candidate for initiating events in PCOS. It
has been suggested that mononuclear cell infiltration and
local inflammation in the ovary stimulates ovarian steroido-
genic activity. TNF stimulates theca cell proliferation and
phosphorylation of the receptor and further increases insu-
lin resistance [13-15]. Thus, adipocyte hypertrophy and
chronic inflammation are the mainstays of this syndrome.
However, the effect of inflammation independent of adipos-
ity remains to be elucidated [5].

Orio et al. studied 150 women with PCOS who were
matched for age and BMI (body mass index) with 150
healthy women. They found significantly increased white
cell count (WCC) and C-reactive protein (CRP) levels in
PCOS. They suggested that increased leukocytes levels
were as a marker of chronic inflammation and early car-
diovascular risk in PCOS [9]. Morreale et al. performed
a meta-analysis of 31 studies including 2359 women and
1289 controls, and found that CRP levels are higher in
PCOS [7]. However, after this study Gonzales et al. stated
that elevations in CRP levels also higher in obese women
and elevations in PCOS below the range needed to pre-
dict metabolic risk [4]. Other studies supporting this issue
found that CRP levels correlated with BMI and similar in
PCOS and BMI matched controls. Recently NLR (neutro-
phil/lymphocyte ratio) was used as a marker of inflamma-
tion in PCOS [16-18]. NLR levels was increased in PCOS
despite similar CRP values [17, 18].

The inflammatory markers from hematologic indices
such as leucocytes, the NLR, and the platelet/lymphocyte
ratio (PLR) which have been documented to predict mor-
tality from cerebrovascular events, cardiovascular diseases
and malignancies [19-24]. NLR is a measure of systemic
inflammation [22]. Recently, the PLR was introduced as a
biological indicator that demonstrates the balance between
thrombosis and inflammation. Increased proliferation of
the megakaryocytic series and relative thrombocytosis are
two results of the ongoing proinflammatory state. High
platelet counts and low lymphocyte counts have been sug-
gested as risk indicators and reflect both aggregation and
an inflammation pathway [23]. Platelet size is related with
platelet function and activation. The MPV is an important
indicator of platelet activation and previous studies docu-
mented MPV as a risk factor for cardiovascular diseases
[24]. In the literature NLR, PLR and MPV (mean plate-
let volume) are increasingly used as markers of chronic
inflammation. [22-24]. There are some reports about NLR
[16—-18] and MPV in PCOS [25-28]. However, there is no
prior report of PLR in PCOS. To the best of our knowl-
edge, this paper is the first search using together NLR,
PLR, and MPV in PCOS. Moreover, there is no study
searching the association of inflammatory markers in IVF
outcome of PCOS.
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Growing evidence have been documented that PCOS
is a chronic inflammatory status, but it remains to be seen
whether increased inflammatory response in PCOS relates
to adiposity. It also remains to be seen whether increased
inflammatory response in PCOS relates to success rates
of IVF treatment. The aim of this paper was to investigate
inflammatory markers in PCOS and associations of the
inflammatory markers with obesity and IVF outcomes.

Materials and methods
Study design

This retrospective case—control study was performed in the
Assisted Reproduction Unit of Kocaeli University School
of Medicine, Kocaeli, Turkey. Data were collected from the
hospital files of women who had undergone a controlled
ovarian hyperstimulation (COH) and an IVF (in vitro ferti-
lization)/ICSI (intracytoplasmic sperm injection) procedure
between May 2011 and September 2013. The local ethics
committee approved the study (KOU-KAEK 2015/131).

Patient selection

All patients underwent IVF/ICSI with an ovarian hyper-
stimulation using a flexible multi-dose gonadotropin-releas-
ing hormone (GnRH) antagonist protocol. All patients had
clinical, laboratory, and ultrasonographic evaluations prior
to the stimulation program. PCOS patients who met the
criterion of Rotterdam (ESHRE/ASRM consensus, 2004)
were included [29] (Rotterdam criteria: oligo and or anovu-
lation, clinical and/or biochemical signs of hyperandrogen-
ism, presence of 12 or more follicles in each ovary measur-
ing 2-9 mm in diameter, and/or increased ovarian volume
(>10 ml). The presence of at least two of the defining crite-
ria is required for PCOS. In addition, known disorders that
mimic the PCOS, such as congenital adrenal hyperplasia,
androgen-secreting tumors, Cushing’s syndrome should be
excluded) [29]. The control group (nonPCOS) was chosen
from the age and BMI-matched women with unexplained
infertility and regular menstruations. Exclusion criteria for
this study included those with any unavailable data, severe
male factor infertility, tubal factor infertility, smoking,
endometriosis, poor ovarian reserves (FSH >12 mIU/ml,
AMH <1 ng/ml or AFC <5), and medications related to car-
bohydrate metabolism or hormones were excluded from the
study. Additional exclusion criteria included the presence
of chronic diseases, including endocrine problems, chronic
hypertension, diabetes mellitus, renal disorders, autoim-
mune diseases, malignancy, chronic liver diseases, pelvic
inflammatory diseases, hematologic diseases, splenectomy
history, or other chronic inflammatory conditions.
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A total of 292 women either with (n = 146) or without
PCOS (n = 146 who were age and BMI-matched) was
included in the study. All patients were classified into sub-
groups as normal weight (NW: BMI <25 kg/m?) and obese
(OB: BMI >25 kg/m?). NW-PCOS (n = 69) and OB-PCOS
(n = 77) subjects were compared to BMI-matched controls
(NW-Control, n = 69; and OB-Control, n = 77, respec-
tively) for inflammatory markers and IVF outcomes.

Laboratory evaluation

1. Inflammatory markers: The inflammatory markers
were WCC (white cell count), NLR (neutrophil to lym-
hocyte ratio), PLR (platelet to lymhocyte ratio), and
MPYV (mean platelet volume). Blood samples were col-
lected before controlled ovarian stimulation protocol
during the follicular phase. A blood analyzer (Cell-Dyn
3700.Abbott®, USA) was used for the determination of
the complete blood cell counts.

2. Glucose and insulin levels: Plasma glucose levels
was estimated by spectrophotometric method (Abbott
Architect C 1600%, USA). Serum insulin was detected
by chemiluminescence (Unicel DxI 800, Beckman
Coulter®, USA).

3. Insulin resistance: Insulin resistance was deter-
mined by using the homeostasis model assessment
HOMA-IR formula for insulin resistance. The formula
used is as follows: (HOMA-IR) formula [HOMA-
IR = fasting insulin (mIU/mL) x fasting glucose (mg/
dL)/18)/22.5].

4. Hormonal analysis: All patients had measures of day
three follicle stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E2), and the FSH/LH ratio.
The anti-Mullerian hormone (AMH) levels analyzed
on a random day. All patients were measured for their
levels of thyroid stimulating hormone (TSH), free thy-
roxine (f T4), prolactin, testosterone, and dehydroepi-
androsterone sulfate (DHEAS) via chemiluminescence
(Unicel DxI 800, Beckman Coulter®, USA). AMH
measurements were performed by the Gen II micro-
ELISA method (Beckman Coulter®, Kraemer Blvd.
Brea, CA 92821 USA). The immunoassay method
used to measure FSH, LH, and E2 levels (Siemens
Advia Centaur XP®, Ireland).

Transvaginal ultrasonography

All patients had basal ultrasonographic evaluation to
exclude any pelvic pathology, and to measure antral follicle
counts (AFC: total count of antral follicles with 2-5 mm
diameter). Each patient underwent serial ultrasonographic
examination during COH protocol. The ultrasonographic
scans were performed by using a 6.5 MHz transvaginal

transducer. (Sonoace X8, Samsung Medison Co.Ltd, South
Korea).

COH protocol and IVF/ICSI procedure

All subjects underwent flexible GnRH antagonist COH pro-
tocol by using rec FSH (follitropin alfa (r-h FSH); Gonal-
F®, Merck KGaA, Darmstadt, Germany) and Cetrorelix
(Cetrorelix acetate; Cetrotide® 0.25 mg; Merck KGaA,
Darmstadt, Germany). Patients monitored during COH
protocol via serial measurements of serum E2, LH, proges-
terone level and ultrasonographic examinations. The thCG
(recombinant-choriogonadotropin alpha; Ovitrelle® 250 ug;
Merck KGaA, Darmstadt, Germany) was administered
if two follicles (18 mm) or 3 or more follicles (17 mm)
develop during COH protocol. The oocytes retrieval (OR)
was carried out 36 h after hCG injection. Than, embryo
transfer was performed on 3-5 days. The visualization of
a intrauterine gestational sac and fetal cardiac activity via
ultrasonography was defined as clinical pregnancy. Fertili-
zation rate was defined as number of oocytes that be ferti-
lized by sperm. Implantation rate was defined as the num-
ber of gestational sac per number of transferred embryo.
Miscarriage defines the pregnancy loss before 20 weeks of
gestation. The total number of oocyte retrieved, total num-
ber of MII (mature) oocytes, fertilization rate, implantation
rate, miscarriages and clinical pregnancy rates (CPR) were
the IVF outcomes that were searched.

Analysis

The Statistical Package for Social Sciences for Windows
(SPSS 18, Chicago, IL, USA) was used. All measurements
were performed within a 95 % confidence interval. A p
value less than 0.05 was considered for statistically signifi-
cant. Descriptive data were expressed as means, standard
deviations, and percentages. The Levene and Welch tests
were used to test for homogeneity of variances. According
to distribution of data, the comparisons of variables were
performed by the ANOVA test, Student’s ¢ test, Mann—
Whitney U test, Fisher’s exact test, and the Xz-test, when
appropriate. The relationships between the data were evalu-
ated using Pearson’s correlations. Logistic regression anal-
ysis was used to measure the association between depend-
ent and independent variables.

Results

Table 1 presents the baseline characteristics of all patients.
Age, BMI, HOMA-IR, and obstetric characteristics were
similar between groups. AFC, LH, and AMH levels were
significantly higher in the NW-PCOS group and AFC and
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Table 1 The basal characteristics and IVF outcomes for all patients (mean + standard deviation)

Basal characteristics NW-PCOS (n = 69) NW-control (n =69) p OB-PCOS (n =177) OB-control (n =77) p
Age (years) 29.3+3.5 29.5+32 0.741 304 £33 30.7 £3.8 0.484
BMI (kg/m?) 220+ 1.8 224+ 1 0.232 309+4.0 324+54 0.057
HOMA-IR 1.7+04 1.8 +0.5 0.09 22413 23+0.6 0.457
Infertility duration (years) 5.8 £3.2 6.7+3.6 0.172 6.6+£3.9 63+33 0.565
Gravidity 04+0.8 0.2+0.7 0.160 03+£0.6 05+1.0 0.083
Parity 0.03 £0.1 0.02 £0.1 0.635 0.02+0.1 0.09+0.3 0.127
Abortion 0.3+0.7 02+0.7 0.380 0.1+04 02+£05 0.197
Antral follicle count 21.3£10.6 142 +6.8 0.000 19.4 +£10.7 72475 0.000
FSH (mIU/ml) 6.8 £2.7 72+£23 0468 6.3+2.0 4.8 +3.5 0.029
LH (mIU/ml) 7.7+6.1 58+34 0.046 6.5+4.0 43+34 0.065
E2 (pg/ml) 52.4 £37.7 62.2 £30.4 0971 449+ 1838 73.0£ 654 0.004
AMH (ng/ml) 34426 1.7+£0.5 0.003 4.0+33 1.6+ 14 0.000
Prolactin (ng/ml) 16.2 £ 13.6 152 £3.8 0.793 12.7+£6.3 126 £7.3 0.736
IVF outcomes
Total oocyte retrieved 14.6 £2.8 125+7.1 0.062 14027 93+£75 0.000
MII oocyte count 133+£26 114+ 1.5 0.179 125+25 103 +24 0.000
Fertilization rate 0.84 +0.06 0.85+0.0 0.387  0.86 £0.07 0.87 £ 0.06 0.727
Pregnancy rate (%) 43.4 45.0 0476  36.3 40.2 0.504

Table 2 The comparison of inflammatory markers in OB and NW women with and without PCOS

NW-PCOS (n = 69)  NW-control (1n = 69)

p value OB-PCOS (n =177) OB-control (n = 77) p value

WCC (ul) 63375 £715.2 77322 £ 1112.6
Neutrophils (ju1) 4877.1 £ 673.4 7032.07 £ 1069.6
Lymphocytes (1) 3976.5 £ 633.9 6481.3 + 1100
NLR 1.34+0.13 1.1+ 0.04
PLR 73.72 £21.5 44.82 +12.2
Platelet (x 103, 1) 284 £ 51 280 £ 46
MPV (fl) 73+£0.7 7.4+£0.7

0.00 8440.4 £ 1004.3 7938.9 + 1084.6 0.004
0.00 6565.7 +1201.2 7523.01 £ 1046.8 0.00
0.00 672.6 +939.2 7176.7 £ 1054.8 0.00
0.00 1.3£0.12 1.0 £0.03 0.00
0.00 62.5+18.3 40.6 £9.16 0.00
0.683 280 + 50 286 + 48 0.519
0.448 7.69 = 0.6 7.45 +£0.83 0.04

Table 3 The comparison of inflammatory markers in both groups with regard to BMI

NW-PCOS (n = 69) OB-PCOS (n =177)

p value NW-control (n = 69) OB-control (n = 77) p value

WCC (1) 6337.5 £ 715.2 8440.4 & 1004.3
Neutrophils (1) 4877.1 £ 673.4 6565.7 + 1201.2
Lymphocytes (1) 3976.5 & 633.9 4672.6 £ 939.2
NLR 13+£0.13 13401
PLR 7372 +£215 62.5+ 18.3
Platelet (x 103, 1) 284 + 51 280 + 50
MPV (f]) 7307 7.69 & 0.6

0.00 77322 £ 1112.6 7938.9 £ 1084.6 0.183
0.00 7032.07 £ 1069.6 7523.01 £ 1046.8 0.004
0.00 6481.3 + 1100 7176.7 £ 1054.8 0.00
0.89 1.1 £0.04 1.0 £0.03 0.00
0.01 44.82 £ 12.2 40.6 £9.16 0.02
0.767 280 + 46 286 + 48 0.399
0.07 7.4+0.7 7.45+0.83 0.928

AMH were higher in the OB-PCOS group compared to
the control groups. Total oocytes retrieved, and MII oocyte
counts were significantly increased in the OB-PCOS
compared to the OB-controls. Comparisons of fertiliza-
tion rates, pregnancy rates, miscarriage rates were similar
(p > 0.05).
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Table 2 presents the comparison of inflammatory mark-
ers between PCOS and control groups. NLR and PLR
were significantly increased in NW-PCOS even though the
WCC (white cell count) did not rise. The MPV and platelet
counts were similar. The WCC, NLR, PLR, and MPV were
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significantly increased in the OB-PCOS compared to OB-  Correlation analysis
Control (p < 0.05).

Table 3 shows the comparison between NW-PCOS and 1. BMI and day 3 hormones: The correlations of inflam-
OB-PCOS with regard to inflammatory markers. OB-PCOS matory markers with basal hormonal levels of PCOS
had significantly increased WCC, neutrophil, and lympho- women showed no relationship with FSH, estradiol,
cyte levels, and a significantly decreased PLR compared to testosterone, DHEAS, and AMH levels. However,
NW-PCOS. NLR ratios and platelet counts were similar in LH levels were negatively correlated with neutro-
OB and NW-PCOS (p > 0.05). Although OB-PCOS had an phil (r = —0.198, p < 0.05) and lymphocyte count
increased MPV compared to NW-PCOS, this increase did (r = —0.189, p < 0.05) and positively correlated with
not reach statistical significance (p > 0.05). PLR (r = 0.192, p < 0.05). Prolactin levels were nega-

tively correlated with NLR (r = —0.208, p < 0.05).
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Fig. 1 The correlations between BMI and NLR, PLR, MPV in PCOS women. a BMI & NLR (r: —0.203, p: 0.01), b BMI & PLR (r: —0.321, p:

0.00), ¢ BMI & MPV (p: 0.236, p: 0.005)
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BMI levels of PCOS were positively correlated with
WCC (r = 0.789, p = 0.00), neutrophil (r = 0.741,
p = 0.00), lymphocyte (r = 0.486, p = 0.00) and MPV
(r =0.236, p = 0.005). BMI levels (PCOS) were neg-
atively correlated with NLR (r = —0.203, p = 0.01),
and PLR (r = —0.321, p = 0.00). Figure 1 presents the
correlations between BMI and inflammatory markers
in PCOS. Figure 2 presents the correlations between
BMI and inflammatory markers in control group.

counts were negatively related to WCC (r = —0.236,
p = 0.005), neutrophil (r = —0.214, p = 0.01), lym-
phocytes (r = —0.179, p = 0.03). The correlations of
inflammatory markers (WCC, neutrophils, lympho-
cytes, NLR, platelet, PLR) with CPR were insignificant
(p < 0.05). The correlations of neutrophil, leukocyte,
lymphocyte and NLR with miscarriage were insig-
nificant (p < 0.05). However, PLR was significantly
positively correlated with miscarriage rates (r = 0.185,

2. IVF outcomes of PCOS: Total oocyte numbers were p <0.05). MPV was significantly negatively correlated
negatively related WCC (r = —0.210, p = 0.01), with CPR (r = —0.513, p < 0.001) and implantation
neutrophil (r = —0.180, p = 0.03). M II oocyte rates (r = —0.470, p < 0.001).
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Fig. 2 The correlations between BMI and NLR, PLR, MPV in control women. a BMI & NLR (r: —0.495, p: 0.00), b BMI & PLR (r: —0.107,

p:0.196), ¢ BMI & MPV (p: —0.152, p: 0.065)
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Table 4 Logistic regression analysis of the factors affecting clinical
pregnancy rates in PCOS and control group

p value Odds ratio Confidence interval
PCOS
Age 0.889 1.0 0.8-1.1
BMI 0.905 1.0 0.8-1.1
HOMA-IR 0.495 0.8 0.6-1.2
wcCC 0.641 1.0 1.0-1.0
NLR 0.695 2.0 0.05-78.0
PLR 0.671 1.0 0.9-1.0
MPV 0.000 0.1 0.06-0.2
Control
Age 0.03 0.90 0.8-0.9
BMI 0.261 0.96 0.8-1.0
HOMA-IR 0.457 1.25 0.6-2.2
wcCC 0.983 1.0 1.0-1.0
NLR 0.833 0.39 0.0-2.2
PLR 0.891 1.0 0.9-1.0
MPV 0.491 1.1 0.7-1.8

Logistic regression analyzes were performed for various
associations of pregnancy rates in PCOS and control sub-
jects. Age, BMI, HOMAIR, WCC, NLR, PLR, and MPV
were the independent variables to analyze dependent vari-
able clinical pregnancy rates. MPV was the only independ-
ent variable in PCOS to effect CPR (p = 0.000; OR 0.1; CI
0.06-0.2). Age was the only independent variable affecting
pregnancy rates in the control group (»p = 0.03; OR 0.9; CI
0.8-0.9). Table 4 shows the details.

Discussion

Polycystic ovary syndrome is a complex phenomenon
accompanied by metabolic dysfunction, adiposity and low-
grade chronic inflammation [5]. To date studies have been
limited concluding whether chronic inflammation is sec-
ondary to obesity or not [5-11]. In the present paper, we
investigated inflammatory markers in PCOS women rela-
tive to BMI and determined associations of these markers
with IVF outcomes. This study found that NLR and PLR
were the inflammatory markers that were increased both in
NW and OB-PCOS compared to BMI-matched controls.
PLR was the marker significantly that was increased in
NW-PCOS compared to OB-PCOS and NW-control. MPV
values only increased in OB-PCOS. Despite the increased
number of retrieved oocytes and MII oocytes, CPR were
similar between PCOS and control groups. MPV levels
were negatively associated with pregnancy rates. PLR lev-
els were positively associated with miscarriages. Logistic
regression analysis showed that MPV was the independent
variable in PCOS to effect CPR.

Growing evidence supports that PCOS is associated
with low-grade chronic inflammation [2-18] and inflam-
mation is also related with prominent features of PCOS
such as insulin resistance and cardiovascular diseases
[1, 5]. Inflammation is considered to be the key feature
of endothelial dysfunction and atherosclerosis [20]. Sev-
eral studies have shown that increased WCC and sub-
types are related to the severity of cardiovascular diseases
and malignancies [19-24]. Orio et al. demonstrated the
elevations of WCC in PCOS women [9]. After this study
of Orio et al., several studies confirmed the elevations of
WCC in PCOS [5, 7, 16]. In the present study, OB-PCOS
group had significantly elevated WCC (8440.4 £ 1004.3
vs 7938.9 + 1084.6, p = 0.004) compared to OB-control.
However, the WCC did not rise in NW-PCOS. Apart from
the study of Orio et al., we found that WCC increased in
OB-PCOS women, not NW-PCOS.

Morreale et al. found that CRP levels are higher in
PCOS, but many other studies found that CRP levels are
also high in obese patients [7, 17, 18]. Recent studies
found similar CRP levels in PCOS and controls [17, 18].
NLR was introduced as a new marker of inflammation in
PCOS [16-18]. Kurt et al. compared NLR ratio between
PCOS (n = 62) and control group (n = 60) [16]. They
reported CRP, NLR, neutrophil and leucocytes were higher
in PCOS group. Their study suggested the inflammation
in PCOS is independent of obesity [16]. Recently, Yilmaz
et al. [17] and Agacayak et al. [18] reported that NLR lev-
els were increased in PCOS despite similar CRP levels. In
this study, both NLR and PLR were significantly increased
in all PCOS subjects. Our study confirmed the prior stud-
ies [16—18] that NLR levels increased in PCOS women.
There is no prior report of PLR in PCOS. In our study,
despite a subtle rise of NLR, the rise in PLR was promi-
nent in PCOS. PLR was significantly higher in NW-PCOS
compared to NW-control and OB-PCOS. Briefly, this study
found that OB-PCOS had significantly increased WCC,
NLR and PLR levels. However, NLR and PLR were signif-
icantly rised in NW-PCOS, eventhough WCC did not rise.
These results suggest that the inflammatory status of PCOS
is independent of obesity.

The activation of platelets at the site of vascular injury
is central to the pathogenesis of occlusive arterial dis-
eases. High MPV levels might contribute to the endothe-
lial injury by platelet activation and higher plasma con-
centrations of thromboxane A2. Large sized platelets have
increased hemostatic functions and previous studies have
documented the clinical utility of MPV in thrombosis [24,
26]. There were studies searching MPV levels in PCOS
[25-28]. Yilmaz et al. reported recently that lean PCOS
group had higher MPV than controls [17]. However, prior
two searches found that MPV values did not differ in NW-
PCOS and controls [25, 26]. Dogan et al. suggested that in
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the studies that included PCOS and non-PCOS women with
and without obesity, the effect of obesity on MPV could be
better understood [25]. Similar to prior reports by Dogan
et al. and Silfeler et al., our study confirmed that MPV val-
ues did not differ in NW-PCOS and control subjects [25,
26]. In our study, OB-PCOS had significantly increased
MPV levels (p < 0.05).

Polycystic ovary syndrome is a heterogenoues syn-
drome with endocrine abnormalities and metabolic dys-
funtion that affect reproduction from folliculogenesis
to implantation [30, 31]. Prior data showed that ovarian
response and IVF outcomes adversely affected and mis-
carriages are higher in PCOS [31, 32]. These adverse
outcomes may partially attribute to hyperandrogenemia
and increased intrafollicular androgen levels, thereby
increased follicular degeneration [31]. The link between
insulin resistance, hyperandrogenism, and ovulatory dis-
order is very complex in PCOS [30-33]. Furthermore,
the impact of adiposity and insulin resistance on IVF out-
comes of PCOS is dabatable issue [31]. Our results con-
firmed the previous data [30] that despite increased total
oocyte retrieved in PCOS group, fertilization rate, and
clinical pregnancy rates were similar. However, it should
be emphasized that these results are COH protocol find-
ings, and could not be generalized to all PCOS population
including pregnancy rates of spontaneous cycle or ovula-
tion induction drugs without IVF.

Apart from the other studies, we investigated associa-
tions between inflammatory markers and IVF success. The
fecundability of women decrease after 35 years. Studies
have reported poor IVF outcomes in general population
over the age of 40 years [34]. Our data confirmed the prior
studies that age was the independent variable affecting
pregnancy rates in control group. In PCOS subjects, MPV
values were significantly correlated with CPR and implan-
tation rate. PLR levels were positively associated with
miscarriages. The inflammatory markers (WCC, neutro-
phils) were negatively correlated to retrieved oocyte count
and oocyte quality (p < 0.05). Logistic regression analysis
showed that MPV associated with CPR independent of age,
BMI, HOMA-IR levels in PCOS women. These results
suggest that inflammation of PCOS is related to adverse
IVF outcomes. These preliminary findings need to be sup-
ported by further studies.

The limitations of our paper included the use of single
center data, infertile population, and retrospective design.
To minimize a bias risk the control patient selection, we
strictly obeyed the exclusion criteria, and both age and BMI
matched women were selected. Another limitation of this
study was the determination of adiposity levels that relied
on BMI values. Further studies with more specific body fat
analysis and comparing NLR and PLR values with CRP,
TNF and IL will give us more valuable results. Despite

@ Springer

these limitations, this was the first study using NLR, PLR
and MPV as markers to determine their associations with
IVF outcomes.

In conclusion, NLR and PLR were significantly
increased in all PCOS subjects compared to controls. PLR
was significantly increased in NW-PCOS compared to con-
trol and OB-PCOS. MPV negatively associated with CPR
independent of age, BMI and HOMA-IR. These results are
supporting the hypothesis that PCOS is a chronic inflam-
matory process independent of obesity. These results also
suggest that inflammation may have a negative impact on
IVF outcomes. Future prospective studies with the larger
population are needed to elucidate the impact of inflamma-
tion on IVF succes.
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