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Abstract

Purpose Mean platelet volume (MPV) and neutrophil to
lymphocyte ratio (NLR) are the new markers of the detec-
tion of inflammation. Our aim is to investigate MPV and
NLR in lean and obese patients with polycystic ovary syn-
drome (PCOS).

Methods This study was designed to investigate MPYV,
NLR, and high-sensitive C-reactive protein (hsCRP) levels
in 25 obese patients with PCOS and 16 lean patients with
PCOS, and our study group was matched with 16 obese
and 14 non-obese controls, respectively.

Results PCOS group had higher MPV, NLR, neutrophil
count, neutrophil to total leucocyte ratio, basophil count,
waist circumference (WC), insulin, glucose, and HOMA-
IR rates than those of controls. hsCRP levels were simi-
lar in both groups. Subgroup analyses revealed that obese
PCOS group had higher insulin and HOMA-IR levels,
compared to those of controls. In this subgroup, total leu-
cocyte counts, MPV, and hsCRP levels were similar. On the
other hand, lean PCOS group had higher WC, NLR, MPV,
and basophil count than controls. In correlation analysis,
hsCRP was positively correlated with body mass index
(BMI), WC, total leucocyte count, neutrophil count, while
negatively correlated with lymphocyte ratio. Although
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leucocyte count was positively correlated with BMI, MPV
was negatively correlated with BMI, total leucocyte, plate-
let, and neutrophil counts. NLR was positively correlated
with HOMA-IR, hsCRP, BMI, WC, and insulin.
Conclusion Our study demonstrated that MPV and NLR
levels are increased despite similar hsCRP levels in patients
with PCOS. However, we failed to demonstrate these dif-
ferences in obese PCOS patients. Further studies with
larger sample size are required to determine the signifi-
cance of BMI in the inflammation of PCOS patients.

Keywords Polycystic ovary syndrome - Neutrophil to
lymphocyte ratio - Mean platelet volume - High-sensitive
CRP

Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder in reproductive age of women with
a worldwide prevalence of 5-10 % [1, 2]. The character-
istics of this syndrome are hirsutism, hyperandrogenism,
menstrual disturbance, and infertility. Obesity, impaired
glucose tolerance, insulin resistance, endothelial dysfunc-
tion, and increased inflammation are other well-known fea-
tures [3—7]. Low-grade inflammation plays a key role in the
development and progression of insulin resistance, type 2
diabetes mellitus (DM), and atherosclerosis [8—10]. Obser-
vation of coexistence of PCOS with insulin resistance and
atherosclerosis may be the result of common pathway of
inflammation in these clinical conditions [11, 12].

In previous studies, hsCRP was reported as a commonly
used laboratory parameter in the detection of subclinical
inflammation in patients with PCOS [13, 14]. Additionally,
increased leucocyte counts were found to be an additional
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independent marker and prognostic factor in the develop-
ment of inflammation and atherosclerosis [4, 7, 15-17].
In recent years, neutrophil to lymphocyte ratio (NLR) has
gained a popularity in the detection of inflammation in dif-
ferent inflammatory diseases such as PCOS, DM, ulcerative
colitis, and hypertension, and it has been shown that NLR
is correlated with hsCRP levels [4, 18, 19]. As a marker,
NLR is a cost-effective and convenient marker that could
be an alternative to hsCRP for inflammation.

Similarly, increased levels of mean platelet volume
(MPV) can also be used as a marker to detect inflammation
[20-25]. It is known that larger platelets are metabolically
more active and prone to inflammatory cytokine release.
It was shown that MPV values are higher in patients with
PCOS than controls [26-28].

In this study, we aimed to compare hsCRP, MPV, and
NLR levels in lean and obese PCOS patients using two
different control groups matched with age and body mass
index (BMI).

Patients and methods

This prospective study was conducted in Konya Training
and Research Hospital, in the clinics of Internal Medicine
(Division of Endocrinology) and Obstetrics and Gynecol-
ogy between June and December 2014. Informed consents
were obtained from all participants. Study protocol was
approved by the ethics committee of Necmettin Erbakan
University, Meram Faculty of Medicine.

Obese PCOS patients with BMI >25 kg/m? (n = 25) and
lean PCOS patients with BMI <25 kg/m* (n = 16) were
enrolled into the study. Age- and BMI-matched 16 obese
and 14 non-obese healthy subjects were included into the
study as control group. All patients were aged between 18
and 40 years.

Diagnosis of PCOS was based on the Rotterdam crite-
ria as having at least two of the following three criteria:
first, oligomenorrhea (cycles lasting longer than 35 days)
or amenorrhea (<2 menstrual cycles in the past 6 months);
second, clinical or biochemical hyperandrogenism; third,
polycystic appearance of ovary on ultrasonography (USG)
and the exclusion of other causes of hyperandrogenism,
such as Cushing’s syndrome, congenital adrenal hyperpla-
sia, or virilization [29]. Subjects taking drugs in the last
6 months that may interfere or affect insulin resistance and
inflammation, such as estrogens, oral contraceptives, cor-
ticosteroids, immunosuppressants, anti-hyperlipidemics,
anti-hypertensive, anti-hyperglycemic drugs, insulin sensi-
tizing drugs, and anti-inflammatory drugs in the last month
or with any known active infection or inflammatory dis-
eases such as Crohn, ulcerative colitis, rheumatoid arthri-
tis, systemic lupus erythematosus or benign or malignant
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hematologic disorders, hypertension, or any surgical inter-
vention within the past 6 months were excluded from the
study.

Height (m) and weight (kg) were measured with under-
wear clothing. Waist circumference was measured as the
minimum size between iliac crest and lateral costal mar-
gin. BMI was calculated as weight (kg) divided by height
square (mz).

All blood samples were drawn after an overnight fasting
between the third and fifth days of menstruation, separated
by centrifugation, and stored in deep freeze at —70 °C until
being analyzed.

Complete blood count was measured by Sysmex
XE-2100 (Sysmex Corp. Kobe, Japan) with fluorescence
flow cytometry or electrical impedance method. NLR was
calculated as the ratio of the neutrophil count to lympho-
cyte count. hsCRP levels were measured by BN™ II (Sie-
mens Healthcare Diagnostics, Siemens AG, Germany)
with nephelometric method. Glucose levels [normal range
(NR), 70-105 mg/dl] were measured by Abbott C-16000
Autoanalyzer (Abbott Laboratories, Abbott Park, IL) with
glucose oxidized method. Insulin levels were measured
by Advia Centaur XP (Siemens Healthcare Diagnostics,
Siemens AG, Germany) with chemiluminescence method.
Insulin resistance was calculated by homeostasis model
assessment-insulin resistance (HOMA-IR) [fasting plasma
glucose (mmol/l) x fasting serum insulin (u[U/ml)/22.5].
Intra- and inter-assay coefficients of variations for insulin
were 4.6 and 5.9, respectively.

Statistical analysis

The student’s ¢ test for independent samples was used to
compare normally distributed measurements. The Kol-
mogorov—Smirnov test was used to test normal distribu-
tion of variables. The Pearson and Spearman’s correlation
analyses were performed to determine the correlation of
parametric and non-parametric data, where appropriate.
The Chi-square test was used to compare categorical data.
Mean =+ standard deviation and frequencies (%) were used
to summarize parametric and categorical data, respectively.
The statistical analyses of data were carried out using SPSS
21 statistical software for Windows version (IBM Corp.,
Armonk, NY). Statistical significance level was set to 0.05.

Results

The anthropometric, hormonal, and metabolic characteris-
tics of patients are summarized in Table 1.

Before subgroup analyses of lean and obese PCOS patients,
our participants were compared in two groups as all PCOS
patients (n = 41) and all controls (n = 30). Compared with



J Endocrinol Invest (2016) 39:45-53 47
Table 1. Some anthropometric, PCOS Controls p value
metabolic, and hormonal data of
the study population Age (year) 23.83 £ 4.71 26.03 £ 5.02 0.070
Body mass index (kg/m?) 29+7.35 26.32+£7.13 0.116
Waist circumference (cm) 85.85 £ 17.19 78.43 £ 19.19 0.041
Ferriman—Gallwey score 16.56 + 6.6 59+ 1.06 0.0001
Insulin (uIU/ml) 14.1 £+ 6.69 9.61 +4.14 0.004
Glucose (mg/dl) 88.34 £ 8.84 83.9 + 8.38 0.036
HOMA-IR 3.11 £ 1.67 2.02+£0.95 0.004
hsCRP (mg/1) 2.778 £ 3.201 2.583 +£3.091 0.545
Leucocytes (/mm”®) 7616.34 + 1735.55 7093.33 £ 1558.88 0.195
Neutrophil (/mm?) 4655.85 £ 1450.84 4015.67 £ 1245.23 0.039
Neutrophil (%) 60.17 + 6.95 56.11 +7.42 0.021
Lymphocytes (/mm?) 2303.41 + 500.03 2406.33 + 586.55 0.429
Lymphocytes (%) 31.04 £ 6.42 34.4 £ 6.69 0.036
Monocyte (/mm?) 516.34 + 145.36 530.33 + 143.44 0.688
Basophil (/mm?®) 28.29 £+ 12.83 21.67 £ 12.89 0.012
Eosinophil (/mm>) 114.63 +91.84 115.01 + 83.61 0.670
Neutrophil to lymphocyte ratio 2.08 £0.74 1.74 £ 0.63 0.029
Platelet (K/ul) 297.41 £+ 54.78 275.37 + 63.44 0.122
Mean platelet volume (fl) 10.69 £ 0.81 10.25 £ 0.83 0.026
Total testosteron (mmol/l) 43.18 £+ 18.62
Free testosteron (pg/ml) 2.15£0.75
DHEA-S (ng/ml) 294 + 102.58
FSH (mIU/ml) 541+ 1.52
LH (mIU/ml) 10.65 + 6.50
Estradiol (pg/ml) 48.78 + 33.21
Progesteron (ng/ml) 0.99 + 1.24
TSH (ulU/ml) 2.22+1.20
Prolaktin (ng/ml) 15.22 + 8.25
17-OH progesteron (ng/ml) 061 +0.42

PCOS polycystic ovary syndrome, HOMA-IR hemostasis of model assessment-insulin resistance, ~sCRP
high-sensitive C-reactive protein, DHEA-S dehydroepiandrosterone sulfate, FSH follicle-stimulating hor-
mone, LH luteinizing hormone, 7SH thyroid-stimulating hormone

controls, PCOS group had significantly higher waist circum-
ference (WC), HOMA-IR, insulin, glucose, MPV, neutrophil
count, neutrophil to total leucocyte ratio, NLR, and basophil
count. hsCRP levels were similar in both groups (Table 1).

In PCOS group (n = 41), correlation analyses revealed
that hsCRP was positively correlated with BMI, WC, total
leucocyte count, neutrophil count, and NLR, while MPV
was negatively correlated with BMI, total leucocyte count,
platelet count, and neutrophil count. NLR was positively
correlated with HOMA-IR, hsCRP, BMI, WC, insulin, total
leucocyte count, and neutrophil count while negatively cor-
related with lymphocyte count (Table 2).

Subgroup analyses

Correlation analysis of subgroups is shown in Table 3.
In the comparison of obese PCOS patients (n = 25) and

controls (n = 16), obese PCOS group had higher insulin
and HOMA-IR levels. The counts of total leucocyte, its
subgroups, MPV, and hsCRP were not significantly dif-
ferent among groups. In the comparison of lean PCOS
patients (n = 16) and controls (n = 14), lean PCOS group
had higher WC, NLR, MPYV, and basophil count. hsCRP
levels and counts of total leucocyte and its subgroups
except for basophil were similar.

In the correlation analyses of obese PCOS group, hsCRP
was positively correlated with BMI (Table 4). In lean
PCOS group, hsCRP was positively correlated with BMI,
WC, insulin, and HOMA-IR levels, as well as positive
correlation of NLR with BMI, insulin, and HOMA-IR. In
obese controls, hsCRP was positively correlated with glu-
cose. In lean PCOS group, hsCRP was also positively cor-
related with BMI. In lean controls, hsCRP was negatively
correlated with HOMA-IR and insulin levels.
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Table 2 Correlation analyses in PCOS group and controls

Controls (n = 30)

BMI wC Insulin  Glucose HOMA-IR hsCRP WBC  Neutrophil Lymphocyte NLR PLT MPV

Polycystic ovary syndrome group (n = 41)
BMI

r 1.000 929 346 253 399 553 426 275 .246 .052 309 —.102

p <.001 .061 178 .029 .002 019 141 .190 786 .096 591
wC

r 919  1.000 428 .165 453 .506 341 232 251 .057 353 —.099

p <.001 .018 .383 .012 .004 .065 217 180 7164 .056 .601
Insulin

r .641 .653  1.000 409 .980 .079 .260 167 119 .018 368 —.153

14 <001 <.001 025 <.001 .676 .166 378 532 923 .045 420
Glucose

r .366 238 .306 1.000 .538 081 —.020 —.012 .099 —.117 291 —.107

p .019 135 .052 .002 .671 915 950 .603 537 119 575
HOMA-IR

r .631 .620 978 464 1.000 .095 277 175 .163 —.030 452 —.156

p <001 <001 <.001 .002 .616 138 .356 .389 877 .012 410
hsCRP

r 748 704 .645 .208 .601 1.000 .466 502 137 361 300 —.101

p <001 <001 <.001 192 <.001 .009 .005 470 .050 107 .595
WBC

r .502 444 464 283 492 .369 1.00 705 .683 130 267 181

P .001 .004 .002 .073 .001 .018 <.001 <.001 494 153 338
Neutrophil

r 464 .398 462 236 474 374 956  1.000 115 712 .095 .108

)4 .002 .010 .002 138 .002 016 <.001 .546 <.001 .617 .569
Lymphocyte

r .203 158 .056 213 A11 .059 494 273 1.000 —.503 .365 .230

p .203 324 728 181 491 715 .001 .084 .005 .047 221
NLR

r 351 310 409 .048 379 .365 579 762 —.336 1.000 —.153 —.025

P .024 .049 .008 765 .015 019 <001 <.001 .032 420 .894
PLT

r 3307 287 .103 .143 .097 .145 408 324 353 .087  1.000 —.206

P .035 .068 522 371 547 .366 .008 .039 .023 .589 276
MPV

r -336 —.261 —-.167 —.203 —.188 —.190 —.430 —.366 —.273 —.181 —.566 1.000

¥4 .032 .099 297 204 239 235 .005 018 .084 258 <001

BMI body mass index, WC waist circumference, HOMA-IR homeostasis of model assessment-insulin resistance, 7sCRP high-sensitive C-reactive
protein, WBC white blood cell, NLR neutrophil to lymphocyte ratio, PLT platelet, MPV mean platelet volume. Significant results are given in bold

According to the presence of obesity, our cases were divided
into two main groups as the lean and the obese (BMI >25 kg/
m?), each including both patients with PCOS and healthy con-
trols. Obese group had higher age, BMI, WC, glucose, insulin,
HOMA-IR, hsCRP, leucocyte, neutrophil and platelets levels,
and lower lymphocyte, compared to lean group. MPV and
NLR levels were found to be similar (Table 5).
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Discussion

In this study, we found higher neutropil and basophil
counts, NLR, MPV levels in patients with PCOS, com-
pared to controls. In addition, in the subgroup analysis,
we found that obese PCOS patients had higher insulin and
HOMA-IR levels while lean PCOS group had higher WC,
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Table 3 Some anthropometric, metabolic, and hormonal data of the obese and lean PCOS groups
Obese PCOS Obese control p Lean PCOS Lean control p

Age (year) 25.12 +4.76 27.71 £5.44 0.141 21.81 +3.97 24.56 +4.26 0.067
Body mass index (kg/m?) 33.62 +£5.48 32.69 +5.39 0.613 21.79 £2.23 20.75 + 1.45 0.128
Waist circumference (cm) 95.68 & 14.54 94.71 + 15.62 0.847 70.5 £ 6.12 64.19 £+ 6.02 0.006
Insulin (uIU/ml) 16.01 + 6.09 11.56 &+ 4.47 0.041 11.12 + 6.66 791 £+ 3.04 0.305
Glucose (mg/dl) 90.44 + 8.23 86 + 8.62 0.120 85.06 £ 9.02 82.06 £ 7.99 0.327
HOMA-IR 3.63 +1.62 2.48 +1.02 0.033 23+ 145 1.62 £ 0.7 0.287
hsCRP (mg/l) 4.06 + 3.524 4.037 +3.188 0.965 0.774 £+ 0.662 1.311 £ 2.442 0.926
Leucocyte (/mm?) 8125.6 = 1668.06  7943.57 + 1580.48  0.741 6820.63 + 1572.54  6349.38 £1126.17  0.338
Neutrophil (/mm?) 5029.6 + 1448.77 462643 +£ 147742  0.346  4071.88 + 1287.74  3481.25 £ 673.28 0.118
Neutrophil (%) 61.09 + 7.03 57.59 +9.84 0.253 58.72 + 6.79 54.81 £4.32 0.062
Lymphocyte (/mm?) 2418.4 +531.95 2604.29 + 618.79 0.330  2123.75 +396.9 2233.13 £ 514.52 0.696
Lymphocyte (%) 30.43 £+ 6.58 3341 £+ 8.36 0.227 31.99 + 6.24 35.26 £4.92 0.110
Monocyte (/mm?>) 523.2 +130.73 550.71 £ 1594 0.564 505.63 + 169.7 512.5 +£130.51 0.899
Basophil (/mm?) 28.8 + 14.53 2571 £12.22 0.718 275+ 10 18.13 £ 12.76 0.004
Eosinophil (/mm?) 129.2 £ 103.11 127.15 + 106.57 0.988 91.88 £+ 67.65 104.38 + 58.42 0.580
Neutrophil to lymphocyte ratio 2.17£0.83 1.91 £0.84 0.303 1.94 £ 0.57 1.59 £0.32 0.046
Platelet (K/ul) 311.52 £53.23 298.57 + 64.17 0.503 275.38 + 51.17 255.06 £ 57.18 0.298
Mean platelet volume (fl) 10.55 + 0.82 10.24 +1.02 0.303 10.92 + 0.77 10.27 + 0.65 0.015

PCOS polycystic ovary syndrome, HOMA-IR hemostasis of model assessment-insulin resistance, AsCRP high-sensitive C-reactive protein

NLR, MPV, and basophil counts, compared to age- and
BMI-matched controls.

In our study, similar hsCRP levels were found in both
groups. Increased inflammatory markers such as hsCRP
have been reported in patients with PCOS [14, 30]. The
underlying mechanism of increased hsCRP is yet to be
elucidated, and whether it is related to PCOS itself or the
accompanying obesity still remains uncertain. According to
the presence of obesity, we reclassified our participants into
two as the lean and the obese (BMI >25 kg/rnz), and obese
group showed higher hsCRP levels than lean group. It is
well known that obesity is an important factor leading to
an increase of hsCRP [31]. In a study with small sampling
size by Kahal et al., as consistent with our findings, it was
reported that hsCRP levels in obese patients with PCOS
were similar to those of controls [13]. We consider PCOS
as an inflammatory disease, and obesity a contributing fac-
tor to the elevation of hsCRP; therefore, we anticipated to
observe higher level of hsCRP in PCOS patients. However,
because of small sample size of groups in our study, we
failed to demonstrate the increase of hsCRP in our patients
with PCOS. Despite this limitation in our study, we were
able to demonstrate increased levels of MPV and NLR.
We consider that the condition reflects higher sensitivity of
these markers in PCOS patients, and that further studies are
required to support these hypotheses.

In literature, there are several studies investigating MPV
levels in patients with PCOS. Gursoy et al. [26] and Kebap-
cilar et al. [28] reported that patients with PCOS had higher

MPYV levels, compared to controls. In another study per-
formed by Kabil Kucur et al. [27], MPV levels were found
higher in patients with PCOS, and after the treatment with
ethinyl estradiol/cyproterone acetate or metformin, a sig-
nificant decrease was observed in MPV levels. It could also
be speculated that anti-inflammatory effects of these treat-
ment modalities might contribute to the protective effect on
cardiovascular diseases in patients with PCOS. Addition-
ally, platelets with higher volumes are known to be associ-
ated with increased agility in thrombotic processes. In our
study, as well as lean subgroup, PCOS patients had higher
MPYV levels than controls. However, we found no similar
results in obese subgroup, compared to obese controls. Sil-
feler Beng et al. [32] and Dogan et al. [33] reported similar
MPYV levels in patients with lean PCOS and BMI- matched
controls, and our findings are different from theirs. They
concluded that as to obesity, their results are more impor-
tant contributors to MPV levels than the existence of
PCOS per se. Interestingly, as opposed to the findings in
previous studies by Coban et al. [34], we observed a sig-
nificant negative correlation between BMI and MPV levels
(r = —0.336, p = 0.03), which could not be reproduced in
subgroup analysis. When we divided our cases into two
main groups as the lean and the obese (BMI >25 kg/m?),
MPYV levels were found to be similar. Although some other
contributing factors related to this finding might be pre-
sent, the further discussion and comparison with the previ-
ous studies would be impossible due to the paucity of data
on the subject. Therefore, we consider that this condition
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Table 4 Correlation analyses in
subgroup of patients
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Obese control (n = 14)

BMI WwC Insiilin Glucose HOMA-IR hsCRP NLR MPV
Obese PCOS group (n = 25)
BMI
r 1.000 819 .024 257 .081 —.103 —411 —-.374
p <.001 935 375 782 725 144 187
wC
r .860 1.000 225 —.057 244 192 447 —.173
P <.001 440 .846 400 512 .109 554
Insiilin
r .697 719 1.000 .196 965 147 —.134 —.148
p <.001 <.001 .503 <.001 .615 .648 .615
Glucose
r .196 207 .388 1.000 327 .640 —.455 .007
P .347 .320 .055 253 014 102 982
HOMA-IR
r .647 .685 974 535 1.000 .033 —.222 —.106
p <.001 <.001 <.001 .006 911 446 719
hsCRP
r .565 442 512 167 484 1.000 .389 123
P .003 027 .0.09 426 .014 .169 .674
NLR
r .508 314 444 .062 395 .393 1.000 —.064
P .010 127 .024 768 .050 .052 .828
MPV
r —-.313 —.159 —.227 —.265 —.262 —.248 .020 1.000
P 127 448 274 201 205 232 924
Lean control (n = 16)
BMI wC Insiilin Glucose HOMA-IR hsCRP NLR MPV
Lean PCOS group (n = 16)
BMI
r 1.000 748 —.185 .013 —.200 331 —.026 .013
)4 .001 492 961 458 210 922 961
WwC
r .559 1.000 .052 —.087 .004 —.058 .071 —.158
p .024 .849 7149 .987 .831 793 .560
Insiilin
r 225 124 1.000 392 985 —.530 .056 —.099
P 402 .648 133 <.001 .035 .837 715
Glucose
r 213 —.475 .029 1.000 477 —.026 227 —.223
p 428 .063 914 .062 924 .398 406
HOMA-IR
r .240 .021 929 312 1.000 —.502 121 —.129
Y4 371 939 <.001 .239 .048 .656 .635
hsCRP
r .629 337 394 .072 333 1.000 .018 —.110
P .009 202 131 790 .208 948 .684
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Table 4 continued Lean control (n = 16)
BMI wC Insiilin Glucose HOMA-IR hsCRP NLR MPV
NLR
r 430 347 .268 —.090 241 .160 1.000 .003
p .097 .188 316 741 .368 553 991
MPV
r —.221 —.186 .096 .030 .066 174 —.420 1.000
)4 412 489 724 911 .807 519 .105

PCOS polycystic ovary syndrome, BMI body mass index, WC waist circumference, HOMA-IR homeostasis
of model assessment-insulin resistance, AsCRP high-sensitive C-reactive protein, NLR neutrophil to lym-
phocyte ratio, PLT platelet, MPV mean platelet volume. Significant results are given in bold

Table 5 Some anthropometric, metabolic, and hormonal data of
study population [cases were divided into two main groups as the
lean (BMI < 25 kg/m?) and the obese (BMI > 25 kg/m?)]

Lean (n = 39) Obese (n=32) p

Age (years) 23.19 £ 4.28 26.05 £ 5.1 0.012
BMI (kg/m?) 21.27 £1.92 33.28 +5.39 <0.001
WC (cm) 67.34 £ 6.78 95.33 £14.73  <0.001
Glucose (mg/dl) 83.56 £ 8.51 88.85 £ 8.53 0.01

Insulin (uIU/ml) 9.51 +£5.34 14.40 £+ 5.91 <0.001
HOMA-IR 1.96 £ 1.17 3.02+1.52 <0.001
hsCRP (mg/l) 1.78 £ 1.04 4.05+£336 <0.001
WBC (/mm?®) 8585 £ 1366.5 8060.2 + 1618.5 <0.001
Neutrophil (/mm?®) 3776.5 £ 1054.4 4884.8 + 1452.8  0.002
Lymphocyte (/mm?) 2178.4 + 4554 2485.1 +563.8 0.021
Neutropil to lymphocyte  1.76 + 0.48 2.07 £0.83 0.102

ratio

Platelets (K/ul) 2652 £54.3 306.8 £ 56.9 0.003
MPV () 10.05 £ 0.77 10.43 £ 0.89 0.442

BMI body mass index, WC waist circumference, HOMA-IR homeo-
stasis of model assessment-insulin resistance, AsCRP high-sensitive
C-reactive protein, WBC white blood cell, MPV mean platelet vol-
ume. Significant results are given in bold

should be further discussed, and more comprehensive stud-
ies to enlighten the correlation between MPYV, obesity, and
PCOS are needed.

Increased leucocyte count is an independent risk and
prognostic factor in the development of inflammation and
atherosclerosis [17], and there are several studies report-
ing increased leucocyte counts in patients with PCOS [4,
7, 15, 16, 35]. In our study, leucocyte counts were similar
in patients with PCOS and controls; still, differential count
of leucocytes revealed that patients with PCOS had higher
neutrophil count and ratio, basophil count and lower lym-
phocyte count, compared to controls. Basophil count was
higher only in lean PCOS patients than controls, and no
significant difference regarding to other leucocytes was
present. To our knowledge, no study investigating and

accounting for the increase of basophil is present, and our
study is the first to indicate this increase. However, we
failed to elucidate such an increase, and so further studies
should be performed. In a study similarly designed to ours
by Keskin Kurt et al., it was reported that higher hsCRP,
leucocyte count, and NLR were present in PCOS patients
[4]. Additionally, they also reported a moderate, but sig-
nificant correlation among NLR and HOMA-IR, BMI, and
hsCRP, reflecting the higher statistical power of their study.
Considering the common inflammatory process, leucocyte
count and NLR were expected to be increased along with
CRP. As opposed to the findings in the study by Keskin
Kurt et al., we found higher NLR with similar hsCRP lev-
els in PCOS group compared to matched controls. How-
ever, we failed to demonstrate the same findings as those
in obese PCOS patients, probably due to small sample sizes
of subgroups. Nonetheless, we consider that even in case
of similar hsCRP levels, NLR might be a more sensitive
parameter to demonstrate ongoing subclinical inflammation
in PCOS patients. In a recent study published by Papalou
et al., it has been reported that higher leucocyte counts
were observed in patients with PCOS than controls, and
while androgenism did not seem to affect leucocyte counts,
obesity and insulin resistance were major contributing fac-
tors in the development of leukocytosis [35]. In our study,
although a significant association was present between leu-
cocyte and BMI in PCOS and control groups, the associa-
tion was observed between HOMA-IR and leucocyte only
in PCOS group (Table 2). In an analysis investigating the
association between androgens and leucocyte counts, no
correlation was found except for between NLR and free
testosteron (p = 0.451, r = 0.021) (unexisting data).

On the other hand, the analysis of NLR and BMI, as
expected, showed a significant correlation (r = 0.351,
p = 0.024, Table 2). However, this finding was not persis-
tent in obese PCOS group, as opposed to the one found in
lean PCOS patients (Table 4). We consider that this con-
dition was a reflection of decreased power of the study in
subgroup analyses. Similarly, positive correlations were
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observed among total leucocytes, neutrophil, and BMIL.
Additionally, when we divided our cases into two main
groups as the lean and the obese (BMI >25 kg/m?), NLR
levels were found to be similar.

In conclusion, we found that the patients with PCOS had
higher NLR and MPV levels even when similar hsCRP lev-
els were present. This result may be attributed to the fact
that NLR and MPV levels are good indicators in the detec-
tion of inflammation as independent of hsCRP levels in
patients with PCOS. On the other hand, no similar results
were shown when patients were reclassified as the lean and
the obese, and this may be due to small sample size in our
study. New studies with larger sample size are needed.
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