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ABSTRACT

Background: Protein C deficiency is a rare disease; it could be primary or secondary. Female patients with protein C
deficiency may develop pregnhancy-associated thrombosis. The clear association between the protein C deficiency and
fertility or in-vitro fertilization (IVF) results has not been known yet. In our study, we aimed to determine the prevalence
of protein C deficiency in Syrian infertile women and to assess the impact of protein C deficiency on abortion, recurrent
IVF Failure, and IVVF results.

Methods: the electronic patients’ results were retrospectively screened. A total of 238 women, who had IVF cycles
between January 2012 and December 2017 in a tertiary care hospital, met our including criteria.

Results: the prevalence of protein C deficiency was 13.45%. There was a significant association between the protein C
level and recurrent pregnancy loss (RPL). Furthermore, the protein C deficiency has an impact on the IVF results.
Additionally, we did not find any association between protein C deficiency and age or number of previous IVF cycles.
Conclusions: the protein C could be the hidden factor that affects I\VF results. More research should be done to better
understanding the role of protein C in infertility and IVF.
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INTRODUCTION

Protein C is vitamin K-dependent serine protease
proenzyme synthesized in the liver and converted to its
active form activated protein C (APC) by thrombinin
complex with thrombomodulin.*2

Protein C deficiency is a rare disease with an incidence rate
ranging from 1 in 200 to 1 in 500, it could be primary
(congenital) or secondary (acquired).'* Due to their
inability to control blood coagulation, the patients with
protein C deficiency classically present with deep venous
thrombosis or pulmonary embolism.!

Additionally, female patients with protein C deficiency
may develop pregnancy-associated thrombosis.® The
relationship between protein C and fertility has not been
determined yet. Some studies have found that there is a
signaling system including APC involved in progesterone
biosynthesis regulation; this system allows optimal
luteinization during pre-ovulatory phase.® Furthermore,
other researchers found that protein C inhibitors decrease
fertilization by inhibiting the binding and the penetration
of oocytes by sperms, or it can be associated with placenta
mediated vascular complications during pregnancy.’*

Very few studies have examined the association between
protein C levels and it impact on infertility, RPL, or IVF.1%
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13 Therefore, the aim of this study was to determine the
prevalence of protein C deficiency in Syrian infertile
women receiving IVF treatment and to assess the impact
of protein C deficiency on RPL, recurrent IVF Failure, and
IVF results.

METHODS
Data collection

All patients who underwent IVF treatment at Orient
hospital between January 2012 and December 2017 were
retrospectively studied.

Data collected included the patients' demographics,
protein C laboratory values, history of previous abortions,
history of IVF, number of oocytes obtained and number of
collected embryo transfers, were obtained.

All patients who had an IVF cycle and a screening test for
protein C levels were included in our study. If the included
patients had previous IVF cycles, only their last IVF
outcome was included in this study due to missing data in
their medical files. However, patients who had a cancelled
IVF cycles were excluded because the effect of protein C
deficiency on the IVF outcomes could not be studied as the
IVF was terminated medically.

The ethical approval was obtained from ethics committee
at faculty of medicine, Damascus university, in addition to
the approval of orient hospital board of directors.

Protein C assay

The blood samples for this study were collected and tested
at the same laboratory. Protein C was tested using enzyme-
linked immunosorbent assay (ELISA) by using AESKU
Diagnostics kits©. The normal value of protein C activity
in our laboratory is 70-140%. All values that were
recorded below the normal range were considered as
protein C deficiency.

IVF protocol

All the patients who performed the IV were treated by
using long Gonadotropin-releasing hormone (GnhRH)
agonist or GnRH antagonist for pituitary suppression. All
the details of this protocol had been discussed and
explained.'*16 The women were given human menopausal
gonadotropin  (HMG), or recombinant follicular
stimulating hormone (rFSH), or both, to induce the growth
of ovarian follicles. After proving the growth of follicles
using ultrasound in conjunction with estradiol levels in the
blood, human chorionic gonadotropin (HCG) was given.
When 3 leading follicles reached a suitable size 17-19 mm,
10000 1U of HCG were administrated. After 36 hours, the
transvaginal ultrasound guided oocytes extraction
(retrieval) was done. Then for fertilization, the sperm was
injected into the cytoplasm.
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In day 3 (cleavage stage), with the guidance of
transvaginal ultrasound, three embryos were transferred to
the uterus cavity. The result of IVF was considered
positive through urine HCG test and the presence of the
gestational sac by the transvaginal-ultrasound procedure.
On the other hand, the outcomes were considered negative
(failure) in case no gestational sac or no evidence of
pregnancy was detected.

Statistical analysis

The statistical analysis was made by using the statistical
program for social sciences (Version 25; SPSS Inc.,
Chicago, IL, USA). Only the women with the previous
criteria were included in the analysis. The results were
expressed as mean + standard deviation (SD). One-way
ANOVA Test and Chi-square were used as appropriate.
P<0.05 was considered as a significant statistical result.

RESULTS

A total of 238 women were included in the analysis. The
patients were categorized into three groups depending on
the protein C levels (Table 1). The mean age of the patients
was 36.10+5.12 (mean + SD, range: 22-47).

Table 1: Describing the age and the protein C level
between the three groups.

Group 2:

Group 1: Group 3:
Protein C erz] High

deficiency IF:;,(;tIimC protein C

Variables

Frequency

(%) 32 (13.45) 195(81.93) 11 (4.62)
Protein C
level

35.91+4.61 34.64+6.12 36.21+5.16
(mean
SD)

While comparing the means of the age of the three groups,
there was no significant difference between the groups
(Table 2). The mean number of the oocytes obtained after
the IVF stimulation was 9.71+7.62 (mean + SD, range: 0-
55). However, the mean number of the embryos that had
been transferred to the patients was 3.44+2.11 (mean + SD,
range: 0-8). When comparing the means of oocytes and
embryos transfers between the three groups of the patients,
there was no significant association between the oocytes
or the embryo transfer with the protein C levels (p>0.05)
(Table 2).

For studying the effects of the protein C levels on RPL, the
patients were categorized based on their abortion history;
group 1 had no abortion history, group 2 had one or two
abortions, group 3 three or more abortions (RPL). By
comparing the means of protein C levels between those
three groups, there was a significant difference between
the groups (p=0.041) (Table 3). This shows a significance
of protein C levels’ effect on the abortion history of the
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patients, especially those with RPL. On the other hand,
there are 50 patients with a history with one or more
abortions, 10 out of 50 (10%) have Protein C deficiency.

Table 2: Comparing the means of age, Oocytes
obtained and the embryo transfers between the three
groups using one-way ANOVA.

Group
Group 1: 2: ??'ratilph P
Variables Protein C Normal -9
L : protein  value
deficiency protein
C
C levels
Age
35.91+ 34.64+ 36.21+
(mean % NS*
SD) 4.61 6.12 5.16
Oocytes . + .
(mean + 9.03+ 9.90+ 8.36+ NS*
SD) 5.38 8.081 4.13
Embryo
transfer 3.25% 3.50+ 2.82+ NS*
(mean x 2.14 211 2.09
SD)

*NS= Not Significant

Table 3: Comparing the means of protein C levels by
using one-way ANOVA.

Group 1: Group 3:
Group 2:

Variables no H/O <3 S0y P

of : more value

. abortions .

abortions abortions
Protein
C levels 103.12+ 114.24+ 64.75+ 0041
(mean+  40.73 55.03 36.29 ‘
SD)

By studying the effect of protein C deficiency on the
number of previous IVF cycles, we excluded 11 patients
with high level of protein C. Statistically; we did not find
any association (p>0.05) (Table 4).

Table 4: Studying the relationship between protein C
deficiency and the number of IVF cycles by using the
Chi-square test.

Number of IVF

cycles

Variables Pre
No

history oA
cycles
Deficiency
Protein  (Freguency) 12 20 NS*
C levels Normal
84 111
(Frequency)
Total 96 131 227

*NS: Not significant

In addition to excluding the patients with high level of
protein C deficiency, we also excluded the patients who
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had canceled IVF cycles. A total of 202 patients were
studied. There was a significant association between the
IVF result and the protein C levels.

Table 5: Studying the relationship between protein C
levels and IVF results by using Chi-square test.

Variables IVF results P
Positive Negative REULE
. Deficiency
Protein 21
C o Nomal 0010
levels 85 90
(frequency)
Total 91 111 202
DISCUSSION

To the best for our knowledge, this is the first study in
Syria that investigates the prevalence of protein C and its
effects on RPL, previous IVF cycles and on the IVF results
in infertile women.

By summarizing the results, we found a statistical
correlation between having a previous history of abortion
or RPL and protein C deficiency in infertile women. This
finding is concurrent with other studies’ findings, which
reported that protein C deficiency is an independent factor
that decreases the rate of pregnancy in IVF. Some studies
indicate that the levels of protein C were low in infertile
women who underwent IVF cycles.!*1317  When
comparing the prevalence of protein C deficiency among
women with history of abortions in other studies, we found
that the prevalence in our study is higher than some
previous studies, and it is also lower than others,11217.18
This disparity in the prevalence of protein C deficiency
may be due to differences in the sample size, the
inclusions’ criteria of the patients or the types of protein C
assay.

Although the test of protein C has been evaluated in
different samples of women with RPL, and women with
recurrent IVF failure, very few studies has evaluated
protein C levels in relation to the success or failure of
IVF.11319  Another significant finding in this study
showed that the level of protein C affects the results of IVF
cycles’ outcomes. This is compatible with the findings of
El Masry el al.*® There are many contradictions and
differences in the medical literature about the association
between IVF failure and thrombophilia, and especially
regarding protein C. Some studies have documented this
association, while others did not find any association.?%-2
Furthermore, other studies did not find any protein C
deficiency in women with recurrent IVF failure.®® In
contrast, we found 12 women with protein C deficiency
who underwent IVF cycles.

The pathophysiology of the protein C effects on pregnancy
or IVF results is still not clear. It is possible that the protein
C abnormalities could lead to a hypercoagulation state
which could causes placental microthrombi or impairs the
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initial vascularization needed for implantation and the
success of the IVF.13

Based on the findings of this study, we highly recommend
doing the protein C laboratory assay as an essential test to
all women with a previous history of abortions or in
women who will undergo an IVF cycle. However, more
studies should be done to conclude whether protein C
assay could be a coagulation factor that affects the IVF
results, and to study whether antithrombotic therapy may
be considered as a therapeutic option in women with IVF
failure to improve the success of the IVF.

Our major limitation in this study is that this sample did
not demonstrate the exact number of infertile Syrian
women in need of IVF cycles due to the high costs of IVF
compared to the national average income.

CONCLUSION

The protein C deficiency affects the IVF results and has
impact on RPL. Therefore, it could be the hidden factor
that affects the rate of pregnancy and infertility. And it
could also make a hypercoagulation state which cause
placental microthrombi and impairs the vascularization
needed for implantation. So, we highly recommend doing
the Protein C assay to every woman with history of
abortions or she undergoes an IVF cycle.
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