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Abstract 

Objective: This study assessed blood C-reactive protein (CRP), fibrinogen, 
procalcitonin, and CA125 levels and determined whether they have an effect 
on pregnancy. Material & Methods: Between Feb. and Sep. 2018, 50 consec-
utive women who had their first frozen embryo transfer at a tertiary referral 
IVF center in Turkey were included in the study. Serum samples were col-
lected on the second day of the cycle and on the transfer day. The women 
were divided into two groups based on the results of pregnancy outcome: 
pregnant (group 1) and non-pregnant (group 2). Blood CRP, fibrinogen, 
procalcitonin, and CA125 levels were compared between the groups. Results: 
There were no statistically significant differences between the groups accord-
ing to CA125, CRP, fibrinogen, and procalcitonin levels at the beginning of 
the cycle and on the transfer day. In comparison with levels at the beginning 
of the cycle and on the transfer day, fibrinogen and CRP were significantly 
higher on the transfer day than at the beginning of the cycle. Procalcitonin 
was significantly higher on the transfer day than at the beginning of the cycle 
in group 1. However, there was no statistically significant difference between 
the transfer day and the beginning of the cycle in group 2. Conclusions: 
However, the fibrinogen, CRP and procalcitonin levels were significantly 
higher on the transfer day than at the beginning of the cycle. The results in-
dicated that acute phase reactants or CA125 should not be used to determine 
the time of embryo transfer or predict pregnancy.  
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1. Introduction 

Although a large number of embryos can be obtained from IVF patients, only 
1/3 of the patients become pregnant. This may be attributed to the transfer of 
embryos in an unsuitable period for implantation [1]. Synchronization between 
the embryo and endometrium is required for implantation. Therefore, to in-
crease the chance of pregnancy, certain biomarkers could be useful for detecting 
endometrial receptivity and determining the best embryo transfer time. The use 
of such markers is important to reduce costs and avoid damaging the endome-
trium. Accordingly, C-reactive protein (CRP) and Cancer Antigen-125 (CA125) 
have been investigated as potential markers to determine endometrial receptivity 
in different studies. Various cytokines are secreted during implantation from the 
endometrium [2]. Leukemia inhibitory factor (LIF) and IL-1 are the most im-
portant biomarkers. LIF is involved in decidualization and implantation, and 
IL-1 allows the invasion of cytotrophoblasts by secreting Cyclooxygenase-2 
(COX-2) [3]. Furthermore, the human leukocyte inhibitory factor (LIF) and In-
terleukin (IL-1) induce the secretion of direct acute phase reactants (APRs) [4]. 
Therefore, APRs released in response to inflammation in the body could be used 
for determining the implantation window [5]. The most well-known acute phase 
protein is CRP. In addition to CRP, there are various inflammatory substances 
secreted in the body. Hence, we evaluated changes not only in the levels of CRP 
but also fibrinogen (an acute phase protein) and procalcitonin (an inflammatory 
process marker during implantation). We also assessed another marker, CA125, 
which is secreted from the endometrium before implantation. CA125 is a glyco-
protein that is secreted by the endometrium, and it enters the peripheral circula-
tion [3] [4]. To determine the implantation period, some studies used the mark-
ers in fresh cycles to determine endometrial receptivity. In this study, we inves-
tigated the effect of these markers on frozen cycles to rule out the effects of in-
duction and the oocyte pick-up (OPU) process, thus assessing only secretions 
induced by the endometrium. This study demonstrated the effect of APRs and 
CA125 levels in frozen cycles on pregnancy outcomes. 

2. Materials and Methods 

Between Feb and Sep 2018, 50 consecutive women who had their first frozen 
embryo transfer at a tertiary referral IVF center in Turkey were included in the 
study. All of the included patients provided informed consent, and were between 
18 and 40 years of age. All of the patients have regular cycles. Patients who had 
tubal factor or anovulatory infertility are excluded from study. Patients who have 
autoimmune disease, systemic lupus erythamatosus, the patients with fever at 
and over 37.5˚C, the patients with elevated white blood cells, the patients with 
suspicion of infectious diseases; and the patients under antibiotherapy are ex-
cluded from study. Ethical approval was obtained from the University Ethics 
Committee. Informed consents were obtained from all women included in the 
study. Serum samples were collected from the patients for determining basal 
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CRP, fibrinogen, procalcitonin, and CA125 levels on the second day of the cycle 
before the treatment started. On the transfer day, the serum samples of patients 
were re-collected, and CRP, fibrinogen, procalcitonin, and CA125 levels were 
re-evaluated. CRP, CA 125, fibrinogen and procalcitonin levels on the second 
day of the cycle are defined as CRP1, CA125 1, fibrinogen 1 and procalcitonin 1. 
CRP, CA 125, fibrinogen and procalcitonin levels on the transfer day are defined 
as CRP2, CA 125 2, fibrinogen 2 and procalcitonin 2. Endometrial preparation 
was initiated using estrogen (2 mg Estrofem; Novo Nordisk, Bagsvaerd, Den-
mark) on cycle day 2 - 3 following the transvaginal ultrasound. The endometrial 
preparation protocol began with 4 mg/day of estrogen on days 1 - 4, 6 mg/day 
on days 5 - 8, and 8 mg/day from day 9 onwards. A second transvaginal ultra-
sound was performed following 10 days of estrogen treatment. Embryo transfer 
was scheduled in cases in which the endometrial thickness was at least 7 mm. 
Progesterone was administered intramuscularly (50 mg Progestan; Koçak, Is-
tanbul, Turkey) at a dose of 100 mg for 5 complete days prior to embryo trans-
fer. Progesterone was continued intramuscularly following the transfer (50 mg 
Progestan; Koçak, Istanbul, Turkey) for luteal support (up to the 12th week of 
pregnancy). The presence of pregnancy was assessed by BhCG (pregnancy test) 
test on the 14th day of the transfer. The presence of a gestational sac detected by 
ultrasound was the criteria for clinical pregnancy. In the study, the relationship 
between the pregnancy results of patients and fibrinogen, CRP, procalcitonin, 
and CA125 levels was evaluated. Primary outcome was clinical pregnancy rate. 

The data were analyzed with IBM SPSS V23. The normal distribution of the 
data was determined by Shapiro-Wilk test. Mann-Whitney U test and Wilcoxon 
test were used in the comparison of data that did not have a normal distribution. 
The results of the analysis were presented as the median (min-max). The signi-
ficance level was fixed at p < 0.05. 

3. Results 

There were 16 patients pregnant (group 1) and 34 patients non-pregnant (group 
2). 50 consecutive women were included in the study. 

The median age of both groups was 32.26 ± 4.65 and 31.25 ± 3.3 and did not 
differ in terms of the presence of pregnancy (p = 0.503) (Table 1). The median 
estrogen, progesterone and LH level did not differ in terms of the presence of 
pregnancy (p = 0.212, p= 0.664, p = 0.506). The median FSH level did not differ 
in terms of the pregnancy status (p = 0.473). The median value was 7.3 for 
non-pregnant women and 8 for pregnant women. Endometrial thickness median 
values did not differ in terms of the pregnancy status (p = 0.412). The median 
value was 9for non-pregnant women and 9for pregnant women. The number of 
retrieved oocyte median value did not differ according to the pregnancy status (p 
= 0.472). The median value was 12for non-pregnant women and 10 for pregnant 
women. The number of antral follicles did not differ in terms of the pregnancy 
status (p = 0.338). The median value was 14 for non-pregnant women and 16 for  
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Table 1. Comparison of parameters according to the pregnancy status. 

 
Non-pregnant (n = 34) Pregnant (n = 16) p 

Age 31 (23 - 39)/32.26 ± 4.65 31.5 (26 - 37)/31.25 ± 3.3 0.503 

Estrogen* 199.5 (5 - 359)/199.88 ± 87.45 220.5 (63 - 475)/247.19 ± 111.44 0.212 

Progesterone* 0.1 (0.05 - 13)/0.54 ± 2.21 0.15 (0.05 - 1.09)/0.23 ± 0.26 0.664 

LH* 7.14 (1.5 - 21)/7.74 ± 4.6 8.45 (1.6 - 26)/9.59 ± 6.86 0.506 

Day 2 FSH level 7.3 (3.3 - 17.8)/7.93 ± 3.29 8 (4.7 - 14)/8.41 ± 2.85 0.473 

Endometrial thickness 9 (5 - 14)/9.18 ± 1.86 9 (7 - 12)/8.75 ± 1.34 0.412 

Number of Oocytes 12 (5 - 24)/13.41 ± 5.42 10 (4 - 31)/13.25 ± 7.81 0.472 

Antral follicles Count 14 (6 - 20)/13.74 ± 4.82 16 (2 - 30)/15.31 ± 7.04 0.338 

*Transfer day measurements. 

 
pregnant women (Table 2).  

CRP levels were different among the day 2 (CRP 1) and the transfer day 
(CRP2) (p < 0.001). For non-pregnant women the median CRP 1 level was 4.11, 
and the median CRP 2 level was 18.4. For pregnant women, the median CRP 1 
level was 7.62, and the median CRP 2 level was 22.1. The median fibrinogen 1 
and fibrinogen 2 levels were different among non-pregnant women (p < 0.001). 
The median fibrinogen 1 level was 3.31, and the median fibrinogen 2 level was 
4.5. The median fibrinogen 1 and fibrinogen 2 levels were also different among 
pregnant women (p = 0.001). The median fibrinogen 1 level was 3.49, and the 
median fibrinogen 2 level was 4.87. The median procalcitonin1 level was 0.03, 
and the median procalcitonin 2 level was 0.04 with a significant difference (p = 
0.030) (Table 3). There was no statistically significant difference between the 
CA125 1 and CA125 2 levels of non-pregnant women or pregnant women (p = 
0.624, p = 0.173). 

The median CRP 1 level did not differ according to the pregnancy status (p = 
0.595). The median value was 4.11 for non-pregnant women and 7.62 for preg-
nant women. The median CA125 1 level did not differ in terms of the pregnancy 
status (p = 0.681). The median value was 13.35 for non-pregnant women and 
11.39 for pregnant women. The median fibrinogen 1 level did not differ in terms 
of the pregnancy status (p = 0.112). The median value was 3.31 for non-pregnant 
women and 3.49 for pregnant women. The median procalcitonin1level did not 
differ in terms of the pregnancy status (p = 0.708). The median value was 0.02 
for non-pregnant women and 0.03 for pregnant women. The median CRP 2 level 
did not differ in terms of the pregnancy status (p = 0.237). The median value was 
18.4 for non-pregnant women and 22.1 for pregnant women. The median 
CA125 2 level did not differ in terms of the pregnancy status (p = 0.456). The 
median value was 13.18 for non-pregnant women and 12.86 for pregnant wom-
en. The median fibrinogen 2 level did not differ in terms of the pregnancy status 
(p = 0.272). The median value was 4.5 for non-pregnant women and 4.87 for 
pregnant women. The median procalcitonin 2 level did not differ in terms of the  
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Table 2. Comparison of the values according to pregnancy status. 

 Non-pregnant (n = 34) Pregnant (n = 16) p 

CRP 1 4.11 (3.03 - 18.8)/6.43 ± 4.76 7.62 (3 - 47.7)/11.32 ± 12.6 0.595 

CA125 1 13.35 (4.96 - 43)/15.22 ± 9.21 11.39 (4.67 - 25)/13.37 ± 6.12 0.681 

Fibrinogen 1 3.31 (2.36 - 5.83)/3.33 ± 0.64 3.49 (2.89 - 4.02)/3.54 ± 0.38 0.112 

Procalcitonin 1 0.02 (0.02 - 0.08)/0.03 ± 0.01 0.03 (0 - 0.09)/0.03 ± 0.02 0.708 

CRP 2 18.4 (3.03 - 116)/26.64 ± 26.62 22.1 (7.1 - 113)/33.93 ± 29.65 0.237 

CA125 2 13.18 (4.8 - 38)/15.33 ± 8.34 12.86 (4.6 - 24.06)/13.06 ± 5.25 0.456 

Fibrinogen 2 4.5 (2.5 - 7.06)/4.52 ± 1.03 4.87 (3.62 - 6.29)/4.8 ± 0.77 0.272 

Procalcitonin 2 0.03 (0.02 - 0.08)/0.03 ± 0.02 0.04 (0.02 - 0.09)/0.04 ± 0.02 0.398 

CRP 1, CA125 1, Fibrinogen 1 procalcitonin 1: Day 2 measurements; CRP 2, CA125 2, Fibrinogen 2, pro-
calcitonin 2: Transfer day measurements. 

 
Table 3. Comparison of the values at the beginning of cycle and transfer day. 

 
Non-pregnant (n = 34) Pregnant (n = 16) 

CRP 1 4.11 (3.03 - 18.8)/6.43 ± 4.76 7.62 (3 - 47.7)/11.32 ± 12.6 

CRP 2 18.4 (3.03 - 116)/26.64 ± 26.62 22.1 (7.1 - 113)/33.93 ± 29.65 

p <0,001 0,005 

CA125 1 13.35 (4.96 - 43)/15.22 ± 9.21 11.39 (4.67 - 25)/13.37 ± 6.12 

CA125 2 13.18 (4.8 - 38)/15.33 ± 8.34 12.86 (4.6 - 24.06)/13.06 ± 5.25 

p 0.624 0.173 

Fibrinogen 1 3.31 (2.36 - 5.83)/3.33 ± 0.64 3.49 (2.89 - 4.02)/3.54 ± 0.38 

Fibrinogen 2 4.5 (2.5 - 7.06)/4.52 ± 1.03 4.87 (3.62 - 6.29)/4.8 ± 0.77 

p <0.001 0.001 

Procalcitonin1 0.02 (0.02 - 0.08)/0.03 ± 0.01 0.03 (0 - 0.09)/0.03 ± 0.02 

Procalcitonin 2 0.03 (0.02 - 0.08)/0.03 ± 0.02 0.04 (0.02 - 0.09)/0.04 ± 0.02 

p 0.287 0.030 

 
pregnancy status (p = 0.398). The median value was 0.03 for non-pregnant 
women and 0.04 for pregnant women. 

4. Discussion 

It is common to determine the implantation period of the endometrium with 
blood tests. This is because acquiring samples from the endometrium prepared 
for implantation could cause the endometrium to deteriorate, and it is costly 
compared with blood tests.CA125 level in the blood may be examined to deter-
mine endometrial receptivity. It is produced from the endometrium and trans-
ferred directly to the serum. Noci et al. [5] found the CA125 levels of pregnant 
patients on OPU day were lower than those of non-pregnant patients. Brenden-
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berger et al. [6] reported that there was no relationship between CA125 levels 
and pregnancy results. Tavmergen et al. demonstrated that CA125 levels were 
significantly higher in pregnant women, consistent with the two previous studies 
[7] [8] [9]. Tavmergen et al. [9] reported that CA125 at a dose of 10 IU/mL and 
above on OPU day was important for the prediction of pregnancy. In the present 
study, there was no relationship between CA125 levels and pregnancy results. As 
the implantation process is an inflammatory process, we investigated whether 
there was an effect on pregnancy by identifying APRs in the serum. CRP is a 
pentameric protein secreted by the liver in response to inflammation [10]. CRP 
is increased during induction, and the increase in CRP can be further enhanced 
when hCG is administered [11]. In addition, after the OPU process, CRP is in-
creased [2]. More importantly, the implantation of the embryo into the endo-
metrium is an inflammatory process. The embryo is prepared for endometrial 
implantation by secreting IL-1 [12]. CRP is increased in the blood in response to 
IL-1 [10]. Almagor et al. reported that there was no difference between the CRP 
levels of pregnant and non-pregnant patients on OPU day and on the day of 
transfer; however, the transfer/retrievable oocyte rate was significantly lower in 
pregnant patients than in non-pregnant patients [2]. Levin et al. revealed that 
CRP elevation at each stage could adversely affect IVF results. However, this re-
lationship has not been observed in other studies [11] [13]. Seckin et al. ex-
amined high-sensitivity CRP (hs-CRP) levels at the beginning of induction and 
on the 7th day after transfer in fresh cycles and found no significant difference 
between pregnant and non-pregnant patients [14]. Fibrinogen is also an APR. 
Devranoğlu et al. reported lower levels of fibrinogen in pregnant patients with 
factor V Leiden mutation on the hCG day [15]. However, we did not observe 
any difference in fibrinogen levels between pregnant and non-pregnant patients. 
Procalcitonin is a marker that has been used in the follow-up of various inflam-
matory processes in recent years. Procalcitonin is a peptide made up of 116 
amino acids [16]. It is encoded by the CALC-1 geneon chromosome 11. In addi-
tion to infections, procalcitonin is expressed in neuroendocrine tissues. Procal-
citonin released from thyroid C cells is converted to calcitonin with some mod-
ifications. However, in inflammatory processes, procalcitonin is produced by the 
expression of the CALC-1 gene in other tissues [17]. Although its functions re-
main unclear, procalcitonin is a promising marker in inflammatory processes 
[18]. Considering that implantation is an inflammatory process, we investigated 
whether procalcitonin should be used as a marker to determine the success of 
implantation. We found that procalcitonin, CRP, and fibrinogen were signifi-
cantly increased on the day of transfer. However, the reason for this increase 
remains unclear. The results suggest that this increase was not related to the oc-
currence of pregnancy.  

There are some limitations in our study. First of all the following period is 
short so we could not investigate the effect of APRs in abortus rates. And the 
study population may be larger. 
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5. Conclusion 

In conclusion, the results indicated that APRs and CA125 should not be used to 
determine the time of embryo transfer or pregnancy status. Nevertheless, pros-
pective studies involving larger patient populations are needed to confirm the 
results. 
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