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Abstract

Polycystic ovary syndrome (PCOS) is a common, complex endocrine, and metabolic disorder. Inflammation has been thoughb
play animportant role in PCOS pathogenesis in recent years, and various inflamlmatory markers have been investigated; however, no
definite conclusion has been reached. As a multifunctional regulatory protein in different inflammatory processes, calprotectin may
play a role in the etiology of PCOS. Therefore, based on this hypothesis, we aimed to determine serum calprotectin concentrations
in women with PCOS and to compare them with healthy controls. This cross-sectional study was conducted at a tertiary referral
center during the study period. Forty-three women (n = 43) with PCOS and 47 women (n = 47) in the control group were enrolled
in this cross-sectional study. Serum calprotectin concentrations were measured using enzyme-linked immunosorbent assay and
compared with markers of glucose and lipid metabolism. Clinical characteristics and hormonal parameters were evaluated in both
groups. Levels of serum calprotectin were measured as 347 + 28.8 and 188 + 15.3ng/mL in the PCOS and healthy control groups,
respectively (P = .009). The mean homeostatic model assessment for insulin resistance!” index and total testosterone levels were
significantly higher in the PCOS group than in the control group (both P < .001). Spearman’s correlation test demonstrated linear
correlations between calprotectin and C-reactive protein, waist circumference, insulin resistance index, and total testosterone
levels in the PCOS group (all P < .05). Serum calprotectin levels were higher in women with PCOS. This biomarker may be an
indirect sign of insulin resistance, hyperandrogenism, or chronic inflammation in women with PCOS.

Abbreviations: BM| = body mass index, CRP = C-reactive protein, DHEA-S = Dehydroepiandrosterone Sulfate, HC = hip
circumference, HOMA IR = Homeostatic Model Assessment for Insulin Resistance, LH = luteinizing hormone, PCOS = polycystic
ovary syndrome, TT = total testosterone, WC = Waist Circumference.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common, complex endo-
crine and metabolic disorder affecting 12% to 18% of reproduc-
tive age women, and due to the Rotterdam ESHRE/ASRM criteria,
is characterized by anovulation, hyperandrogenism, and polycys-
tic ovarian morphology.? Insulin resistance, dyslipidemia, abdom-
inal obesity, and atherosclerosis are more common in women with
PCOS than in healthy women. Long-term metabolic effects are
thought to be related to hyperinsulinemia, hyperandrogenism, and
low-grade chronic inflammation in women with PCOS.5!
Calprotectin, an antimicrobial protein in the cytoplasm of neu-
trophil granulocytes, is a multifunctional regulator protein in dif-
ferent inflammatory processes that is released from intracellular
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cytoplasmic granules when endothelial adhesion of monocytes or
neutrophil activation occurs.! PCOS is closely related to chronic
inflammation in the adipose tissue and considering the activation
of monocytes and neutrophils during inflammation, calprotectin
secreted from these cells may also be associated with PCOS.¢!
Recent studies have shown that this inflammatory environment
may be associated with adverse metabolic events in PCOS, such
as insulin resistance and cardiovascular disorders, as this inflam-
mation simultaneously impairs ovarian steroidogenesis and fol-
liculogenesis. Based on this relationship, we hypothesized that the
serum levels of the inflammatory marker calprotectin may play
a role in the chronic inflammatory milieu in PCOS and may be
linked to insulin resistance and hyperandrogenemia, which are
common endocrinological problems associated with PCOS.”!
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2. Methods
2.1. Study design

In our sample size analysis using the GPower software
(Universitat Kiel, Kiel, Germany), we found that at least 42
patients in each group (a: 0.03, effect size: 0.80) were required
to achieve a power of 95% (1 - B: 0.95). We performed this
cross-sectional study by selecting and comparing 43 PCOS
patients with 47 healthy age- and body mass index (BMI)-
matched controls who visited our outpatient gynecology clinic
between June 2017 and September 2017. Our study complied
with the requirements of the Declaration of Helsinki, and
the Ethics Committee of Dr Zekai Tahir Burak Training and
Research Hospital approved this study (number 37/2018).
All patients provided written informed consent before par-
ticipating in the study and we selected our study participants
randomly in order to avoid bias. According to the European
Society of Human Reproductive and Embryology and the
American Society of Reproductive Medicine (Rotterdam
ESHRE/ASRM—Sponsored PCOS Consensus Working Group)
decision in 2004, PCOS was defined as the presence of two of
the following 3 criteria: polycystic appearance of the ovaries
on ultrasound imaging, presence of 12 or more follicles with a
diameter of 2 to 9mm and ovarian volume >10cm?, biochem-
ical and clinical manifestations of anovulation, oligo-ovula-
tion, and hyperandrogenism. Clinical hyperandrogenism was
defined as a Ferriman-Gallwey score above 8, whereas bio-
chemical hyperandrogenism was defined as a total testosterone
(TT) and/or dehydroepiandrosterone sulfate (DHEA-S) level
above the 95th percentile. Oligomenorrhea was defined as a
menstrual cycle duration of more than 45 days, and amenor-
rhea was defined as the absence of menstruation for more than
3 sequential months.

2.2. Participants

Adolescents under the age of 19 and patients over the age of 40
were not included in the study. The same investigator evaluated
all subjects using the same ultrasound device. In addition, thin
patients with a BMI below 18, obese patients with a BMI over
30, those with acute and/or chronic diseases, those with endo-
crinological and autoimmune diseases, patients with any hema-
tological disorders, and patients with liver and/or kidney failure
were excluded from the study.

2.3. Laboratory Studies

Each subject provided blood at 9 am after an overnight fast on
the 2nd or 3rd day of the menstrual cycle and was centrifuged at
4000/rpm for 10 minutes as soon as the blood samples were col-
lected. While there was fasting glucose, insulin and Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR) values,
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lipid profile (total cholesterol, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, triglycerides), cal-
protectin, and C-reactive protein (CRP) in the biochemical
evaluation, the main basal hormones such as follicle stimulating
hormone, luteinizing hormone (LH), estradiol, TT, DHEA-S,
17-hydroxyprogesterone, thyroid stimulating hormone, and
prolactin were in the hormonal evaluation.

Complete blood count parameters were included in the hema-
tological evaluation. The glucose hexokinase method was used
to measure serum glucose concentration (Roche Hitachi Cobas
6000; Roche Diagnostics GmbH, Mannheim,Germany). We
measured basal hormone levels, such as follicle stimulating hor-
mone, LH, estradiol, TT, DHEA-S, thyroid stimulating hormone,
and prolactin, using an electrochemiluminescence immunoassay
(Roche Cobas e 601; Roche Diagnostics GmbH). The colorimet-
ric method (Beckman Coulter Fullerton, CA) was used to mea-
sure all lipid profile parameters (total cholesterol, high-density
lipoprotein, low-density lipoprotein, and triglycerides).

C-reactive protein was measured by nephelometry using a
BN II System (Erlangen,Germany). To measure insulin resis-
tance, HOMA-IR was calculated using the following formula:
fasting glucose (mmol/l) x fasting insulin x 0.055/22.5.181 A
HOMA-IR index greater than 2.5 was accepted as insulin
resistance.”’ A Coulter LH-780 hematology blood analyzer
(Beckman Coulter Inc., Brea, CA) was used to measure com-
plete blood count parameters. A human CALP (Calprotectin)
enzyme-linked immunosorbent assay kit (catalog number:
E-EL-H2357; Elabscience, Houston,TX) was used for cal-
protectin measurement using a Chemwell 2900 Chemistry
Analyzer (Awareness Technology, Inc., Palm City, FL). Intra-
assay and inter-assay variation of coefficient values were 3.90
and 4.74 ng/mL, respectively.

2.4. Statistical analysis

We used SPSS version 25.0, (Chicago, IL) for statistical analysis
of the data. We used the Shapiro—Wilk test to assess whether the
data were normally distributed. We evaluated the homogeneity
of the variance using Levene’s test. Statistical evaluation was
expressed as the standard deviation from the mean or number
(%). To compare the groups, we used the # test for independent
variables with normal distribution and the Mann-Whitney U
test for those without normal distribution. The chi-square test
was used to compare categorical variables between groups.
Spearman’s correlation analysis was used to examine correla-
tions between variables. We used a 2-tailed perception rate for
statistical hypothesis evaluations.

3. Results

This study included 43 PCOS patients and 47 non-PCOS
control patients. The mean age of the patients with PCOS

Clinical parameters in PCOS patients and controls.

Variables PCOS (n = 43) Control (n = 47) P

Age (yn** 285+5.6 293+54 145
BMI (kg/m?)* 25.1+3.6 248 +32 234
WC (cm)* 846+77 80.3+8.3 .299
HC (cm)* 100.3 6.2 100.2 5.8 125
WHR* 0.83+0.07 0.82 +0.07 753
FGS* 122 +6.1 53+3.8 <.001

Data are shown as mean + SD. Groups were compared using Student’s ¢ test and **Mann-Whitney U test, as appropriate. Statistical significance was defined as P < .05.
BMI = body mass index, FGS = Ferriman-Gallwey score, HC = hip circumference, PCOS = polycystic ovary syndrome, WC = waist circumference, WHR = waist-to-hip ratio.

" Student’s t-test.
 Mann-Whitney U-test.
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was 28.5 = 5.6 years, and the mean age of the control
patients was 29.3 = 5.4 years and with no significant dif-
ference between the groups (P =.145). There were no sig-
nificant differences in the mean values of waist-to-hip ratio,
hip circumference (HC),!'® BMI, and waist circumference
(WC)' between the PCOS and control groups (P >.05).
Table 1 shows the demographic and anthropometric char-
acteristics of all patients. The basal hormone levels and
biochemical markers are shown in Table 2. Serum levels
of calprotectin were measured as 347 = 28.8 in the PCOS
group and 188 = 15.3 ng/mL in the control group, respec-
tively (P =.009). The mean values of TT and HOMA-IR
index in the PCOS group were significantly higher than
those in the control group (P < .001). There were 22 patients
with insulin resistance and 21 without insulin resistance in
the PCOS group. The mean calprotectin concentrations were
432 +31.2 and 255 = 22.4ng/mL in PCOS patients with and
without insulin resistance, respectively (P = .017). While the
mean serum calprotectin levels of 8 patients with insulin
resistance (HOMA-IR index > 2.5) in the control group were
207 = 12.3, the mean serum calprotectin levels of 38 patients
in the control group without insulin resistance (HOMA-IR
index < 2.5) were in the range of 193 = 16.9 and there was
no statistically significant difference in serum calprotectin
levels between subjects with and without insulin resistance
in the control group (P = .821).

Spearman’s correlation analysis showed that calprotectin
levels were positively correlated with CRP, WC, HOMA-IR,
and TT values in the PCOS group (all P <.05). However, we
found that age, estradiol level, and neutrophil-to-lymphocyte
ratio did not correlate well with serum calprotectin levels, as
shown in Table 3. The receiver operating characteristic curve
analysis demonstrated a modest discriminative value for
PCOS. The area under the receiver operating characteristic
curve of serum calprotectin for predicting PCOS was 0.660
with a 95% confidence interval of 0.547 to 0.773 (P =.009),
as shown in Figure 1.
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4. Discussion

In this study, we aimed to evaluate whether serum calprotectin
concentration was elevated in patients with PCOS and whether
there was a correlation between serum calprotectin levels and
insulin resistance indices and hyperandrogenism. According to
our findings, serum calprotectin levels were higher in patients
compared to the healthy controls. HOMA-IR and TT levels
were significantly and positively correlated with serum calpro-
tectin concentrations.

Many studies have shown that there is a significant relation-
ship between PCOS and inflammation, and that PCOS cases
with high CRP, which is one of the indicators of inflammation,
have a high risk of developing type 2 DM and cardiovascular
disease, regardless of whether they were obese or not.l'>!3! In
another study by Ganie et al,l'* it was stated that there was
no elevation of CRP levels in PCOS and that CRP might have
increased if there was an abnormality in BMI and other anthro-
pometric measurements. In our study, there was no significant
difference in either BMI or CRP levels between the groups.
Another study stated that the inflammatory and anti-inflamma-
tory balance was impaired in PCOS, and many cytokines that
provided this balance might have played a role in PCOS patho-
genesis.!'’! Calprotectin, which may have a role as an inflamma-
tory marker in PCOS had a positive correlation with CRP in
our study and this finding made us think that there might be a
subclinical inflammatory process that has not yet been reflected
in CRP levels in our PCOS cases.

There are 2 studies in the current literature on the relationship
between PCOS and calprotectin levels. In the first study, Chen
et all'®! found that serum calprotectin levels were significantly
increased in PCOS patients and positively correlated with the
HOMA-IR index, similar to our study. However, its relationship
with hyperandrogenism was not indicated in this study, unlike
that in our study. Hyperandrogenemia itself causes a low-grade
chronic inflammatory state, and at the same time this inflam-
matory state stimulates androgen production in the ovaries
as shown in both in vivo and in vitro conditions.'”®! In vitro

Comparison of the biochemical and endocrinological features of the groups.

Variables PCOS (n = 43) Control (n = 47) P

FBG (mg/dL)* 89.0+58 86.0 + 6.6 025
FBI (mU/L)*™* 138 +6.7 51+32 <.001
HOMA-IR** 31+23 1.7+05 <.001
HDL-C* 615+76 64.6 + 8.1 251
TG 105.2 + 54.9 102.2 + 53.1 .860
LDL-C* 76.2+ 318 62.7+234 .061
TC* 158.3 + 37.1 146.1 +29.4 .048
LH (U/L)* 9.8+6.9 73+6.0 .036
FSH (U/L)* 6.5+1.8 71+18 .096
E2 (pg/mL)** 39.4+10.0 385+16.3 .806
TSH (UL)** 23+1.0 22+1.0 .888
PRL (ng/mL)** 16.5 + 9.1 153+7.2 .062
DHEAS (mg/dL)* 3709 + 1811 3271 +149.3 282
Total-T** 06+0.2 04+02 <.001
170H-P (ng/mL)** 14+12 1.3+07 507
CRP (mg/L)* 38+25 29+23 .786
WBC (10%/mL)* 8.7+25 85+29 .903
Neutrophil (%)* 61.0+99 61.6+11.6 787
Lymphocyte (%)** 285+88 29.3+98 928
NLR** 26+1.6 25+13 .750
Calprotectin (ng/mL)** 347 +28.8 188.8 +15.3 .009

Data are shown as mean + SD. Groups were compared using Student’s ¢ test and **Mann-Whitney U test, as appropriate. Statistical significance was defined as P < .05.

170H-P = 17-hydroxyprogesterone, CRP = serum C-reactive protein, DHEAS = dehydroepiandrosterone sulfate, E2 = estrogen, FBG = fasting blood glucose, FBI = fasting blood insulin, FSH =
follicle-stimulating hormone, HDL = high-density lipoprotein, HOMA-IR = homeostatic model assessment of insulin resistance, LDL = low-density lipoprotein, LH = luteinizing hormone, NLR = neutrophil-
lymphocyte ratio, PCOS = polycystic ovary syndrome, PRL = prolactin, TC = total cholesterol, TG = triglyceride, total-T = free testosterone, TSH = thyroid-stimulating hormone, WBC = white blood cell.

" Student’s t-test.
“ Mann-Whitney U-test.
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Correlation of calprotectin and other variables in PCOS group.

Age r 0.044
P 697
BMI r 0.273
P 192
WC r 0.212
P 045
HC r 0.206
P 041
WHR r 0.072
P 570
Neutrophil r 0.048
P .708
Estradiol r 0.075
P 515
DHEA-S r 0.139
P 262
Glukose r 0.054
P 616
CRP r 0.422
P 151
NLR r 0.060
P 638
T r 0.245
P 021
HOMA-IR r 0.295
P .005

Statistical significance was defined as P < .05.

BMI = body mass index, CRP = serum C-reactive protein, DHEA-S = dehydroepiandrosterone
sulfate, HC = hip circumference, HOMA-IR = Homeostatic Model Assessment for Insulin
Resistance, NLR = neutrophil-lymphocyte ratio, PCOS = polycystic ovary syndrome, r = correlation
coefficient, TT = total testosterone, WC = waist circumference, WHR = waist-to-hip ratio.

studies have shown that proinflammatory stimuli also stimu-
late steroidogenesis in ovarian cells."”! Ovarian steroidogenic
enzymes are regulated by proinflammatory stimuli and inhibited
by anti-inflammatory agents (resveratrol and statins).>”! These
findings suggest that inflammation directly stimulates andro-
gens in PCOS patients. In our study, a significant relationship
was observed between testosterone and calprotectin levels. This
supports the assertion that high androgen levels can increase
inflammation or vice versa.

In a second study on the relationship between calprotectin
and PCOS, Li et al?Y found that exosomes carrying S100 cal-
cium-binding protein A9 (Calprotectin) were able to activate
the nuclear factor kappa B pathway, increase inflammation,
and disrupt steroidogenesis, which is probably involved in the
occurrence of PCOS. In addition, they stated that calprotectin
is not only secreted into granulosa cells and follicle fluid but
can also be secreted into distal regions. In our own study, we
found high blood levels of calprotectin in PCOS patients, but
if we had analyzed the follicle fluid, we could have found it to
be high as well.

We also found a positive correlation between calprotec-
tin and WC and HC, but not between calprotectin and BMI.
Although calprotectin levels have been shown to be correlated
with BMI in a number of studies, a number of studies have
shown that BMI might not always correlate well with visceral
adipose tissue mass.?>?4 The calprotectin levels in our study
had a positive correlation with WC and HC, suggesting that
adipose tissue might be responsible for the increased calpro-
tectin levels in PCOS patients. Likewise, Cataldn et al'*! stated
that calprotectin, which is secreted from visceral adipose tis-
sue, might be responsible for the sequestration of macrophages
to the adipose tissue and the subsequent inflammation due
to its chemotactic property. Some studies have revealed that
inflammation in the adipose tissue of non-obese PCOS patients
causes insulin resistance by disrupting the insulin-signaling
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mechanism. In related studies, hyperglycemia resulting from
insulin resistance was the main substrate used by mononuclear
cells, and reactive oxygen molecules released after glucose
consumption induced the release of proinflammatory media-
tors.'72¢1 Similar to the studies mentioned above, the PCOS
patients in our study were not obese, had high HOMA-IR indi-
ces, and showed a strong correlation between calprotectin and
HOMA-IR levels.

The major drawback of our study was its cross-sectional
design. The patients also belonged to only 1 ethnic group.
Blood samples were collected in the early follicular phase.
Repeated sampling of serum calprotectin levels was not per-
formed during the menstrual cycle, and we were unable to
check its reproducibility. Additionally, the assay method may
have affected the final results. Further prospective studies that
longitudinally observe patients in larger groups should be per-
formed to validate the clinical usability of calprotectin levels
in PCOS. In conclusion, serum calprotectin levels were sig-
nificantly higher in normal-weight patients with PCOS than
in controls; insulin resistance and hyperandrogenism were
also more prevalent in normal-weight patients with PCOS.
Although other nonspecific inflammatory markers were similar
between the groups, calprotectin levels were higher in PCOS
patients and were significantly correlated with adipose tissue,
insulin resistance, and hyperandrogenemia. Calprotectin may
be an indicator of an inflammatory state in PCOS patients and
may be used as an adjunct diagnostic marker for hormonal and
metabolic disturbances.

Calprotectin levels can be studied in a large group of patients
with PCOS, and if a strong relationship with inflammation
is detected, the use of anti-inflammatory agents may also be
demonstrated. This situation should be considered when treat-
ing PCOS patients.
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Figure 1. ROC curve analysis of serum calprotectin concentrations for discriminating PCOS cases. PCOS = polycystic ovary syndrome, ROC = receiver oper-
ating characteristic.
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