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Abstract: A considerable proportion of all women undergoing IVFrespond poorly to gonadotropin stimulation. These 
women are reported to be associated with increased cancellation rates and lower pregnancy rates. It has been 
hypothesized that poor response to ovarian stimulation is a first sign of ovarian ageing or premature ovarian failure, 
which might be related to altered inflammatory response in the body. We aimed to compare follicular fluid presepsin 
levels between poor- and normo-responder patients to ovarian stimulation, to assess its relationship with reproduc-
tive outcomes. This study included infertility patients who underwent ovulation induction with either long GnRH ago-
nist or GnRH antagonist protocols and who subsequently underwent IVF/ICSI. Included patients were assigned to 
two groups according to the Bologna criteria for poor ovarian response. Group 1 and 2 consisted of normo- and poor-
responder patients, respectively.The 2 groups were compared in terms of FF presepsin levels. Also, any relationship 
between the FF presepsin levels and fertility outcomes was assessed within the groups. The groups were compared 
by using student’s t-test, Mann-Whitney U test and X2 test, where appropriate. Pregnancy rates were not significantly 
different between the groups (22.6% and 17.6%; P=0.650, respectively). FF presepsin levels were higher in Group 
1, however, the difference was not statistically significant (298.0±797.4 and 149.2±422.3; P=0.190, respectively). 
FF presepsin levels did not significantly differ between pregnancy positive and the pregnancy negative patients in 
both Group 1 (243.6±531.1 and 314.3±866.5; P=0.055, respectively) and Group 2 (112.2±79.8 and 157.1±464.3; 
P=0.394, respectively). Consequently, FF presepsin seems not to be a reliable marker in predicting pregnancy in 
both normo-responder and poor-responder infertility groups. 
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Introduction

Since the first successful live birth conceived 
by in vitro fertilization (IVF) in 1978, significant 
advances have been achieved in the assisted 
reproduction techniques (ART), aimed to 
improve clinical outcomes from IVF. However, 
success rates are still modest, with clinical 
pregnancy rates still at around 33% [1]. A con-
siderable proportion of women undergoing ART, 
respond poorly to the usual gonadotropin stim-
ulation, who are also known as poor ovarian 
responders, and these patients constitute 
9-24% of all women undergoing ovarian stimu-
lation for IVF [2]. Low ovarian response was first 
described in patients with peak estradiol (E2) 
levels <300 pg/ml and decreased follicular 

response, expressed as fewer retrieved and fer-
tilized oocytes and hereby fewer transferred 
embryos [3]. Now that there has been no uni-
versally accepted consensus to define patients 
who respond poorly to ovarian stimulation, the 
European Society of Human Reproduction and 
Embryology (ESHRE) working group on Poor 
Ovarian Response Definition recently devel-
oped new criteria for the definition of poor ovar-
ian response, the so-called ‘Bologna criteria’ 
[4]. These criteria incorporate age, ovarian 
reserve tests such as anti-müllerian hormone 
(AMH) levels or antral follicle count (AFC) and 
ovarian response in previous IVF/ICSI cycles. 
On the other hand, it has been hypothesized 
that poor response to ovarian stimulation is a 
first sign of ovarian ageing or premature ovarian 
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failure [5, 6], which might be related to altered 
inflammatory response in the body. 

Numerous physiological reproductive phenom-
ena including folliculogenesis, ovulation and 
implantation of the embryo and a set of pro-
cesses employed during the ART, including con-
trolled ovarian hyperstimulation (COH), oocyte 
pick-up (OPU) and embryo transfer (ET), are 
known to involve complex inflammatory pro-
cesses. However, the point beyond which physi-
ological inflammation convert to pathological 
and where the reproductive outcomes are com-
promised still remains unclear. Recent reports 
suggest that uncontrolled inflammation affects 
both IVF results and the ovarian reserve 
adversely [7]. Hence, researchers have studied 
on the inflammation markers to establish a 
realistic and reasonable relationship between 
these markers and IVF success. C-reactive pro-
tein (CRP), procalcitonin (PCT) and lipopolysac-
charid-binding protein (LBP) are substantial 
markers, biological fluid levels of which provide 
useful information about the inflammatory 
response. Presepsin is a novel, 13 kDa molecu-
lar weight biomarker for diagnosing systemic 
inflammation and sepsis. CD14 (cluster of dif-
ferentiation), the receptor for lipopolysaccha-
ride/lipopolysaccharide binding protein (LPS/
LBP) complexes, are expressed on the cell 
membranes of macrophage, monocyte and 
granulocyte cells [8]. The LPS/LBP-CD14 com-
plex is released into circulation by shedding of 
CD14 from the cell membrane, yielding soluble-
CD14 (s-CD14), which is activated by the plas-
ma proteases, generating sCD14-subtype, 
Presepsin [9, 10]. Collected data provide evi-
dence that presepin may serve as an acute 
phase reactant, analogous to CRP [11]. While 
the biological role of presepsin has not been 
completely elucidated, it is considered to be a 
regulatory factor capable of modulating cellular 
and humoral immune responses by interacting 
directly with T and B cells [12]. Pathfast assay 
method appears to be an adequate technique 
for the determination of presepsin levels in the 
biological fluids and its sensitivity has been 
demonstrated to be 100% in the presence of 
infection [13]. Even though the clinical signifi-
cance of acute phase reactant, CRP, in the 
infertility population has been evaluated by 
some previous published reports [14-18], there 
is no publication assessing the significance of 
presepsinlevels in women with infertility, avail-
able in the literature. Moreover, in the current 

ART practice, an accurate test to predict ovari-
an response, which would have both increased 
the efficacy and reduced the costs of ART, is 
still lacking and there is a need for data on the 
predictability of ovarian response in COS.

In the present study, we aimed to compare fol-
licular fluid presepsin levels between poor- and 
normo-responder patients to ovarian stimula-
tion, to assess its relationship with reproduc-
tive outcomes and hereby to identify whether 
presepsin can be used as a predictor of ovarian 
response. 

Material and methods 

The present is a prospective study conducted 
with the patients who admitted to the Assisted 
Reproduction Department of Zeynep Kamil 
Training and Educational Hospital due to the 
desire of having a child between June 2013 
and December 2013. Approval of the ethics 
committee was obtained prior to the initiation 
of the study. 

This study included infertility patients who 
underwent ovulation induction with either stan-
dard long GnRHagonist or fixed GnRH antago-
nist protocols and who subsequently under-
went IVF/ICSI. Eligibility criteria were as follows; 
body mass index (BMI) 18-28 kg/m2, no uterine 
(fibroids, adenomyosis, mullerian malforma-
tions), ovarian (endometrioma, polycystic ova-
ries), or adnexal (hydrosalpinx) abnormalities 
detected by transvaginal ultrasonograghy and/
or hysteroscopy and/or laparoscopy and nor-
mal semen analyses according to the World 
Health Organization criteria for normality [19]. 

Patients were assigned to two groups accord-
ing to the Bologna criteria for poor ovarian 
response [4]. Group 1 consisted of normo-
responder and Group 2 consisted of poor-
responder patients. Two out of three of the fol-
lowing criteria were essential in order to classi-
fy a patient as poor ovarian responder: (i) 
advanced maternal age (≥40 years) or any 
other risk factor for poor ovarian response; (ii) a 
previous poor ovarian response (≤3 oocytes 
with a conventional stimulation protocol); or (iii) 
an abnormal ovarian reserve test (AFC <5-7fol-
licles or AMH <0.5-1.1 ng/ml).

The treatment protocol choices and the gonad-
otropin dose adjustments were individualized 
according to age, body mass index (BMI), ovari-
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an reserve determined by antral follicle count 
and basal FSH, and experience from previous 
cycles. Gonadotropin stimulation was achieved 
by using either rFSH or hMG. All patients were 
administered acetyl-salicilic acid 100 mg daily 
and folic acid 400 mcg daily simultaneously 
with the initiation of the protocol. 

Serial ultrasonographic controls and E2 level 
measurements were made until 3 follicles ≥17 
mm and a serum E2 level >500 pg/ml were 
detected. Choriogonadotropin-alpha 250 μg - 
(Ovitrelle®; Merck Serono, Turkey) was admin-
istered subcutaneously to induce final follicular 
maturation. Transvaginal ultrasound-guided 
oocyte retrieval was performed 35-36 hours 
after hCG administration. All patients were 
implemented a single dose of cefazolin sodium 
(Sefazol, Mustafa Nevzat Ilaç San, Turkey) 1 gr, 
intramuscularly (im.) at the course of OPU pro-
cedure and were given doxycycline 100 mg 
capsule (Tetradox capsule, Fako Ilaç, Turkey) 
per oral (p.o.) twice daily and methylpredniso-
lone 16 mg capsule (Prednol tablet, Mustafa 
Nevzat Ilaç San, Turkey) p.o. once daily and con-
tinued for 4 days. Luteal support was initiated 
on the night of oocyte retrieval and continued 
until the day of pregnancy testing. If the test 
was positive, progesterone treatment was con-
tinued up to 9th gestational weeks. Fertilization 
was assessed at 16-18 h after ICSI and one or 
two embryos with the best morphological grade 
were transferred into the uterine cavity under 
ultrasound guidance (General Electric, GE, 
Logiq 200 Alpha Ultrasound, FL, USA). Serum 
pregnancy test was performed 12 days after 
the embryo transfer. hCG levels >20 mIU/mL 
was considered as a positive pregnancy test.

All patients were informed about OPU prior to 
the procedure and informed consent was 
obtained. During oocyte retrieval, the FF was 
collected from the first penetrated mature (>17 
mm) follicle at the first entry without contami-
nation. FFs contaminated with blood or that do 
not contain oocyte were not used. Aspirated 
FFs were centrifuged for 10 minutes at 2000× 
g at room temperature and separated superna-
tant fluids were transferred into the eppendorf 
tubes to be stored at -80°C until performing the 
assay. On the assaying day, with in 4 hours 
after the samples were thawed, presepsin lev-
els were measured by using the PATHFAST 
Presepsin assay (Mitsubishi Medience, Tokyo, 
Japan). The 2 groups were compared in terms 
of demographic and induction characteristics, 
treatment outcomes and FF presepsin levels. 
Additionally, any relationship between the FF 
presepsin levels and fertility outcomes was 
assessed within the both groups.

Statistical analyses were performed using the 
Statistical Package for the Social Sciences for 
Windows 15.0 software (SPSS, Chicago, IL, 
USA). Descriptive statistics were given as mean 
and standard deviation. Parametric compari-
sons were performed using Student’s t-test, 
and non-parametric comparisons were per-
formed using Mann-Whitney U test. Categorical 
data were evaluated by using 

X2 test. Statistical significance was defined as 
P<0.05.

Results

Between June and December 2013, 121 cou-
ples with infertility were included in the study 

Table 1. Demographic, stimulation and treatment outcomes characteristics and FF presepsin values of the 
groups
Characteristics Group 1 (n=53) Group 2 (n=68) P
Age, y 32.3±7.7 33.4±4.5 0.351a

GnRH agonist/antagonist protocol, n 24/29 22/46 0.206b

Induction duration, d 8.8±1.7 8.5±1.5 0.317a

Average used gonadotropin dose, IU 2427.6±1097.8 3558.8±662.2 <0.0001a

FF presepsin values, pg/mL 298.0±797.4 149.2±422.3 0.190a

MII oocytes, n 6.2±3.7 3.5±2.3 <0.0001a

Pregnancy test positivity ratio, n (%) 12/53 (22.6%) 12/68 (17.6%) 0.650b

Data are presented as mean±SD except for GnRH agonist/antagonist protocol and pregnancy test positivity ratios. aStudent 
t-test. bX2 test.
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among 560 evaluated patients. Group 1 and 2 
consisted of 53 and 68 patients, respectively. 
Demographic and induction characteristics, 
treatment outcomes and FF presepsin levels 
are presented in Table 1. Age, distribution of 
stimulation protocols and induction duration 
did not significantly differ between the groups. 
Since Group 2 consisted of women who 
responded poorly to the ovarian hyperstimula-
tion, mean gonadotropin doses were signifi-
cantly higher in Group 2 than in Group 1 
(2427.6±1097.8 vs. 3558.8±662.2; P<0.0001). 
Although the number of MII oocytes was signifi-
cantly lower in Group 2 than in Group 1 (6.2±3.7 
and 3.5±2.3; P<0.0001, respectively), preg-
nancy rates were not significantly different 
between the groups (22.6% and 17.6%; 
P=0.650, respectively). FF presepsin levels 
were higher in Group 1 patients, however, the 
difference wasnot statistically significant 
(298.0±797.4 and 149.2±422.3; P=0.190, 
respectively). Besides, both groups were fur-
ther divided into two subgroups as, patients 
who conceived and those who did not. FF pre-
sepsin levels did not significantly differ between 
pregnancy positive and the pregnancy negative 
patients in both Group 1 (243.6±531.1 and 
314.3±866.5; P=0.055, respectively) and 
Group 2 (112.2±79.8 and 157.1±464.3; 
P=0.394, respectively).

Discussion

An optimal response to controlled ovarian stim-
ulation is of crucial importance in ART. It has 
been accepted that both too low and too high 
ovarian responses are associated with 
increased cancellation rates and lower preg-
nancy rates [20]. Although numerous biochemi-
cal and sonographic tests have been suggest-
ed to predict ovarian response, in the current 
practice, there is no accurate and highly predic-
tive test to assess ovarian response and no 
screening test available to detect poor ovarian 
response. Hence; the diagnosis of poor 
responder is revealed only during ovulation 
induction [21]. Antral follicle count (AFC) and 
basal FSH levels have been proposed to have 
had best sensitivity and specificity for predict-
ing low ovarian response [22]. Recently, anti-
Müllerian hormone (AMH) has been shown to 
have at least the same level of accuracy and 
clinical value for the prediction of poor response 
as AFC [23].

It is well recognized that inflammation is a hall-
mark of many processes in reproductive physi-
ology, including ovulation, menstruation, and 
implantation [24]. However, uncontrolled 
inflammation might negatively affect hormone 
production,ovulation [25], and fertility [26] by 
deteriorating ovarian reserve and ovarian 
response [27, 28]. In many previous studies, 
the decline in the ovarian reserve was reported 
to accelerate in the inflammatory states, such 
as diabetes mellitus [29], Behçet’s Disease 
[30], Takayasu arteritis [31] and myotonic dys-
trophy [32]. Additionally, endometriosis, a sys-
temic chronic inflammatory condition, is associ-
ated with a poor ovarian response to gonado-
tropin stimulation and with lower pregnancy 
rates [27, 33]. Even if inflammatory conditions 
are known to be related to poor IVF outcomes 
and improving IVF outcome in poor responder 
population represents a main priority, there is a 
limited number of studies available in the litera-
ture assessing the efficacy of the inflammatory 
markers in the poor responder patients. Uri-
Belapolsky et al. [7] investigated the possible 
involvement of inflammatory pathways and the 
role of IL-1 in the ovarian ageing and exhaustion 
of ovarian reserve in an animal model and con-
cluded that IL-1 was an important participant in 
the age-related exhaustion of ovarian reserve.
Lee et al. [34] demonstrated that elevated lev-
els of FF TNF-α were correlated with poor 
oocyte quality. Winger et al. [35] concluded that 
inhibition of TNF-α improves IVF outcomes in 
infertile women. The soluble receptor of 
advanced glycation end-products (sRAGE) in 
the FF has been proposed as a marker of ovar-
ian reserve and diminished ovarian response 
[36]. In the present study we investigated the 
predictive value of presepsin, a novel inflamma-
tion marker, in women who respond poorly to 
ovarian hyper-stimulation; however, FF presep-
sin levels did not significantly differ between 
normo-responder and poor-responder group. 
Further, FF presepsin levels were not signifi-
cantly different between patients who con-
ceived and those who did not, following IVF, in 
both poor- and normo-responder patients. 
Nevertheless, more comprehensive studies 
assessing any possible relationship between 
low ovarian response and inflammatory mark-
ers are needed. 

In conclusion, FF presepsin levels were not sta-
tistically different between the normo-respond-
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er and poor-responder infertility patients. 
Additionally, achieving pregnancy did not make 
any significant difference in the both groups. 
Consequently, FF presepsin seems not to be a 
reliable marker in predicting pregnancy in both 
normo-responder and poor-responder infertility 
groups.
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