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ABSTRACT

Introduction Pregnant women with polycystic ovarian syn-

drome (PCOS) have high risk of pregnancy loss. Pathophysio-

logical mechanisms appear to be associated with obesity, hor-

monal factors, or blood clotting disorders. Our aim is to per-

form a systematic review and meta-analysis on the relation-

ship between coagulation disorders and risk of recurrent mis-

carriage (RM) in patients with PCOS and to identify coagula-

tion biomarkers for this condition.

Material and Methods PubMed and MEDLINE databases

were searched for publications in English language. The

search terms used included “RM”, “polycystic ovary syn-

drome”, “coagulation disorders”, and “thrombophilia”. Odds

ratios (ORs) and 95% confidence intervals (CIs) for miscar-

riage in different RM groups (with and without PCOS).

Results A total of 575 publications including the search terms

were identified. Six studies were included for qualitative anal-

ysis, and five were included for quantitative analysis (meta-

analysis). We found no association between RM and inherited

thrombophilias in patients with PCOS: (1) Factor V Leiden (OR,

0.74; 95% CI, 0.38–1.45; p = 0.38); (2) C677T methy-

lenetetrahydrofolate reductase polymorphism (MTHFR) (OR,

1.01; 95% CI, 0.64–1.59; p = 0.97); and (3) A1297C MTHFR

polymorphism (OR, 1.08; 95% CI, 0.62–1.89; p = 0.77). Other

potential biomarkers were identified, with emphasis on plas-

minogen activator inhibitor type 1.

Conclusion Data available in the current literature revealed

that there was no association between RM and inherited

thrombophilias in patients with PCOS. RM patients with PCOS

have a high risk of thromboembolic events.

ZUSAMMENFASSUNG

Einleitung Schwangere Frauen mit polyzystischem Ovarsyn-

drom (PCOS) haben ein hohes Fehlgeburtsrisiko. Es scheint

eine Assoziation zwischen den pathophysiologischen Mecha-

nismen einerseits und Adipositas, hormonellen Faktoren und

Koagulationsstörungen andererseits zu geben. Ziel dieser Stu-
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die war es, eine systematische Übersicht und eine Metaana-

lyse über die Beziehungen zwischen Gerinnungsstörungen

und dem Risiko wiederholter Fehlgeburten (RM) bei Patientin-

nen mit PCOS durchzuführen und die Koagulationsbiomarker

für diesen Zustand zu identifizieren.

Material und Methode Die Datenbanken von PubMed und

MEDLINE wurden nach englischsprachigen Publikationen zu

diesem Thema durchsucht. Die hierfür verwendeten Such-

begriffe waren „RM“, „polycystic ovary syndrome“ (polyzysti-

sches Ovarsyndrom), „coagulation disorders“ (Koagulations-

störungen) sowie „thrombophilia“ (Thrombophilie). Die Odds

Ratios (ORs) und 95%-Konfidenzintervalle (KIs) für Fehlgebur-

ten wurden für die verschiedenen RM-Gruppen (mit und ohne

PCOS) berechnet.

Ergebnisse Insgesamt wurden 575 Artikel mit diesen Such-

begriffen identifiziert. Sechs Studien wurden für die qualita-

tive Analyse und 5 für die quantitative Analyse (Metaanalyse)

herangezogen. Wir fanden keine Beziehung zwischen RM und

einer vererbten Thrombophilie in Patientinnen mit PCOS: (1)

Faktor-V-Leiden (OR, 0,74; 95%-KI, 0,38–1,45; p = 0,38); (2)

C677T-Methylen-Tetrahydrofolat-Reduktase-Polymorphis-

mus (MTHFR) (OR, 1,01; 95%-KI, 0,64–1,59; p = 0,97), und (3)

A1297C-MTHFR-Polymorphismus (OR, 1,08; 95%-KI, 0,62–

1,89; p = 0,77). Es wurden andere potenzielle Biomarker aus-

gemacht mit einem Schwerpunkt auf den Plasminogen-Akti-

vator-Hemmer Typ 1.

Schlussfolgerung Die aus der aktuellen Literatur entnom-

menen Daten zeigten, dass es keine Assoziation zwischen RM

und einer vererbtenThrombophilie bei Patientinnen mit PCOS

gibt. RM-Patientinnen mit PCOS haben ein höheres Risiko für

thromboembolische Ereignisse.

GebFra Science |Original Article
Introduction
Polycystic ovarian syndrome (PCOS), also known as polycystic
ovarian disease and Stein-Leventhal syndrome, was first described
in 1935 by Irving Stein and Michael Leventhal in an article pub-
lished in the American Journal of Obstetrics and Gynecology en-
titled “Amenorrhea associated with polycystic ovaries”. In the
original publication, the authors described a series of cases in
which seven patients had enlarged ovaries (diagnosed by trans-
abdominal pneumonography) associated with menstrual
changes, infertility, pain, or hyperandrogenism. The patients also
presented with obesity (three patients), hirsutism (five patients),
and acne (one patient) [1, 2]. In 1939, the gestational outcomes
of these seven patients were published: five patients became
pregnant after surgery, one patient had a male factor present,
and one was lost during follow-up after 11 months [3].

PCOS is the most common endocrine disorder in women of re-
productive age. Its prevalence is variable, depending on the ethnic
group and diagnostic criteria, and occurs in around 5 to 16% of
women in reproductive phase of life [4]. Prevalence is higher
among the following groups:
1. infertile and oligomenorrhagic women;
2. obese with or without insulin resistance;
3. history of type 1, type 2, or gestational diabetes;
4. history of premature adrenarche;
5. first-degree relatives with PCOS; and
6. use of anti-epileptic drugs [4,5].

PCOS is not only related to gynecological disorders (infertility and
menstrual irregularity), as initially described by Stein and Leven-
thal, but is also associated with other pathologies such as cardio-
vascular disease, metabolic syndrome, obesity, type 1 and 2 dia-
betes mellitus, gestational diabetes, nonalcoholic steatohepatitis,
obstructive sleep apnea, endometrial cancer, anxiety, depression,
and eating disorders [6–8]. The relationship between PCOS and
obstetric complications, neonatal outcome, and adult life after
gestation in a mother with PCOS is not well understood [6,7].
698
Recurrent miscarriage (RM) is defined as two or more preg-
nancy losses before 20 weeks of gestation [9]. The incidence of
RM ranges from 0.5 to 2.3%, and may vary due to different defini-
tions and different methodologies used in the statistical calcula-
tion. However, an increase in the incidence of recurrent miscar-
riage has been observed [10]. Genetic alterations, uterine ana-
tomical changes, hormonal disorders, and antiphospholipid syn-
drome (APS) are responsible for around half of the cases of RM,
and the other half still remains without a clear diagnosis [11].
While the association between PCOS and RM is described in the
literature, the mechanisms involved are not well defined [12–
14]. PCOS carriers have metabolic, endocrine (insulin resistance,
dyslipidemia, obesity, chronic inflammation), and coagulation dis-
orders that may be related to pregnancy loss [6, 15–17].

Since the late 1970s, when the relationship between APS and
pregnancy loss was first described, studies have evaluated the re-
lationship between blood coagulation and gestational patholo-
gies. It is believed that thromboembolic events at the site of im-
plantation and the placental bed provide the basis for the patho-
physiology of pregnancy losses and other obstetric complications,
such as preeclampsia, fetal growth restriction, fetal death, and
preterm delivery [18,19]. The relationship between APS and RM
is well established in the literature [20]. However, the relationship
between hereditary thrombophilias and other thrombophilic dis-
orders with RM remains unclear [21].

The aim of this systematic review and meta-analysis was to
identify biomarkers of coagulation disorders in women with RM
and history of PCOS, highlighting the possible pathophysiological
mechanisms involved and the possible interventions that may re-
duce the risk of gestational loss in these patients.
Methods
This systematic review was performed using Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [22].
PubMed and MEDLINE databases were searched for publications
available up to and including October 2018. The search terms
Cavalcante MB et al. Coagulation Biomarkers in… Geburtsh Frauenheilk 2019; 79: 697–704
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Excluded articles
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▶ Fig. 1 Flowchart of the search showing preferred reporting items used for the Systematic Reviews and Meta-Analyses (PRISMA).
used were “RM”, “polycystic ovary syndrome”, “coagulation dis-
orders”, and “thrombophilia”.

Data extraction was performed by two reviewers. The title and
abstracts of the articles identified in the initial search were inde-
pendently evaluated according to the following inclusion criteria:
type of study, population (women with a history of recurrent mis-
carriage and PCOS), risk factor assessment (coagulation disorder),
and primary outcome (miscarriage). Articles were limited to stud-
ies using humans and published in English. Studies investigating
physiopathological mechanisms were also evaluated and dis-
cussed.

Available data were imported into Review Manager, version
5.3.5 (The Cochrane Collaboration), for quantitative analysis.
Results

Identified and selected studies

Five hundred seventy five publications related to the search terms
were identified. All animal studies and systematic review were ex-
cluded, and included only six studies that evaluated biomarkers of
coagulation disorders in patients with RM and history PCOS
(▶ Fig. 1). These six studies evaluated a total of 392 patients with
RM and PCOS. Details of the studies included in the statistical
Cavalcante MB et al. Coagulation Biomarkers in… Geburtsh Frauenheilk 2019; 79: 697–704
analysis and discussion are described in ▶ Table 1. No prospective
or intervention studies were identified. The six studies selected
were observational case-control studies. The studies were con-
ducted in different countries, including Iran (three studies), the
United States (one study), Germany (one study), and Poland (one
study), and were published in the period from 2003 to 2016 [23–
28].

The majority of studies were selected cases of RM using a his-
tory of three or more spontaneous pregnancy losses at less than
20 weeks of gestation [23–26]. Only the two most recent studies
considered RM as the antecedent of two or more pregnancy
losses at less than 20 weeks [27,28]. Most studies used the Rot-
terdam criteria for PCOS diagnosis [24–28], and only one study
[23] used the National Institutes of Health (NIH) criteria.

Coagulation biomarkers

The first study to evaluate the relationship between coagulation
disorders in patients with RM and history of PCOS was published
by Glueck el al. [23]. They observed a higher prevalence of Factor
V Leiden (FVL) in patients diagnosed with RM and PCOS compared
with the normal control group, but this was not more prevalent
compared with the RM group without PCOS. The authors also ob-
served a reduction in the fibrinolytic activity of patients with RM
and PCOS, through high activity of the plasminogen activated in-
699



▶ Table 1 Studies on coagulations disorders among women with polycystic ovarian syndrome (PCOS) with a history of recurrent miscarriage (RM).

Author, year
(country)

Study
type

Groups Biomarkers Comments

Glueck et al., 2003
[23]
(United States
of America)

Case-
control

PCOS‑RM (33 Caucasian
women)

RM without PCOS
(16 Caucasian women)

Controls (116 healthy
Caucasian women)

G1691A Factor V Leiden

G20210A prothrombin

C677TMTHFR

PAI-1 (4 G/5 G) gene polymorphism

Platelet glycoprotein PL A1A2 gene
mutations

Homocysteine

Proteins C, S, free S, antithrombin

Anticardiolipin antibodies IgG and IgM

Dilute Russelʼs viper venom time

Activated partial thromboplastin time

Factor VIII

Factor XI

Lipoprotein (a)

PAI‑Fx

The thrombophilic G1691A Factor V
Leidenmutation is associated with RM
in women with and without PCOS;
hypofibrinolysis (high PAI‑Fx) is also
associated with RM in women with
PCOS.

Idali et al., 2012
[24]
(Iran)

Case-
control

177 RM (38 women with
RM-PCOS, 33 with ovarian
PCOS‑RM, and 106 RM
without PCOS, 100 female
controls)

A1298C MTHFR

C677TMTHFR

PAI-1 (4 G/5 G) gene polymorphisms

MTHFR A1298C and PAI-1 4 G/5 Gmu-
tations were more prevalent in Iranian
women suffering from RMwith and
without PCOS.

Moini et al., 2012
[25]
(Iran)

Case-
control

92 women with RM-PCOS

92womenwith RMwithout
PCOS.

G1691A Factor V Leiden

Homocysteine

Proteins C, S, free S, antithrombin

Anticardiolipin antibodies IgG and IgM

There was a trend toward higher
prevalence of protein S deficiency
in RM-PCOSwomen (p = 0.05).

Kazerooni et al.,
2013 [26]
(Iran)

Case-
control

60 patients with RM-PCOS

60 patients with PCOS and
without RM

60 patients with RM and
without PCOS

60 healthy individuals

Testosterone

Fasting insulin

Homocysteine

Plasminogen activator inhibitor
activity (PAI‑Fx)

Protein C, Protein S, antithrombin

Activated protein C ratio (APCR)

Factor V Leiden

Prothrombin G20210A

MTHFR genemutations

Hyperinsulinemia, hyperandrogene-
mia, hypofibrinolysis, and hyper-
homocysteinemia, as well as APCR and
factor V Leidenmutations, are associ-
ated with RM in patients with PCOS.

Rogenhofer et al.,
2013 [27]
(Germany)

Case-
control

100 PCOS patients
(27 no recorded pregnan-
cies; 73 RM), 500 fertile
women and 533 random
population

Controls

M2/ANXA5 Polymorphism M2/ANXA5 seems an independent RM
risk factor in PCOS patients that pro-
gressively correlates with the number
of first trimester pregnancies.

Szafarowska et al.,
2016 [28]
(Poland)

Case-
control

76 PCOSwomen
(63 RM and 13 infertility)

56 non-PCOSwomen
(40 RM and 16 infertility)

A1298C MTHFR

C677TMTHFR

MTHFR mutation was not associated
with PCOS in the Polish population.
There was correlation between the
MTHFR A1298Cmutation and RM in
the non-PCOS group.

RMwas defined as a history of three or more spontaneous pregnancy losses at less than 20 weeks of gestation [23–26]. RMwas defined as the antecedent of
two or more pregnancy losses at less than 20 weeks. [27,28] Rotterdam criteria for PCOS diagnosis. [24–28] National Institutes of Health (NIH) criteria for
PCOS diagnosis [23].

GebFra Science |Original Article
hibitor (PAI‑Fx) compared with the RM group without PCOS
(p = 0.0363) and the normal control group (p = 0.0039). Age and
body mass index among the RM groups (with or without PCOS)
were similar, showing that fibrinolysis changes were independent
of obesity [23].
700
Idali et al. [24] observed a higher prevalence of hereditary
thrombophilias (A1298C methylenetetrahydrofolate reductase
polymorphism [MTHFR A1298C] and PAI-1 4 G/5 G) in patients
with a history of RM (with or without PCOS) compared with con-
Cavalcante MB et al. Coagulation Biomarkers in… Geburtsh Frauenheilk 2019; 79: 697–704



trols. However, the prevalence of these thrombophilias was simi-
lar compared with patients with RM with and without PCOS.

Moini et al. [25] compared the prevalence of the following
thrombophilias in groups of RM patients with and without PCOS:
protein C deficiency, protein S deficiency, antithrombin deficien-
cy, FVL, hyperhomocysteinemia, and APS. They identified at least
one clotting disorder in 70.7% (65/92) of women with RM and
PCOS compared with 47.8% (44/92) of patients with RM without
PCOS (p = 0.002). Protein C deficiency was the only thrombophilia
that showed a higher prevalence in patients with RM and PCOS
(21.7 vs. 10.9%, p = 0.04).

Kazerooni et al. [26] identified high levels of total testosterone,
hyperhomocysteinemia, insulin resistance, increased PAI activity,
and resistance to activated protein C in women with RM and PCOS
compared with women with RM without PCOS and the control
group. Among the evaluated thrombophilias, the authors ob-
served a relationship between FVL and RM, independent of the
group (with or without PCOS). There was no significant difference
between the groups regarding levels of protein C, protein S, and
antithrombin.

The relationships between MTHFR polymorphisms (A1298C
and C677T) and annexin A5 (M2/ANXA5) and RM in PCOS patients
were evaluated by Szafarowska et al. [28] and Rogenhofer et al.
[27]. MTHFR polymorphisms appeared to be unrelated to preg-
nancy loss in the group of PCOS patients, whereas M2/ANXA5 ap-
peared to be an independent risk factor for pregnancy loss in
PCOS patients.

Among the six studies that evaluated coagulation disorder bio-
markers in patients with RM diagnosed with PCOS, it was only pos-
sible to use genetic biomarker (hereditary thrombophilias) data
from five studies for statistical analysis. Rogenhofer et al. [27]
were not included in the statistic analysis because it was the only
study that evaluated M2/ANXA5. No statistical significance was
found in relation to FVL (▶ Fig. 2a) [23,25,26] and MTHFR
polymorphisms (A1298C and C677T) (▶ Fig. 2b and c) in RM pa-
tients with PCOS compared with patients with RM without PCOS
[24,26,28].
Discussion
PCOS is an endocrine condition initially described as a gynecolog-
ical disorder associated with menstrual irregularity due to chronic
anovulation and enlarged ovaries with the presence of multiple
small cysts. PCOS has attracted much interest from researchers
due to its reproductive and metabolic repercussions (glucose in-
tolerance, obesity, diabetes, hypertension, metabolic syndrome,
and cancer). Studies have shown that women with PCOS are at in-
creased risk of changes to blood clotting via mechanisms that re-
main poorly understood [2,15,17]. It is possible that the metabol-
ic alterations observed in these patients are involved in the path-
ophysiology of coagulation disorders, including obesity, chronic
inflammatory process, excess androgen hormones, dyslipidemia,
and insulin resistance [15].

Over the last decades, studies have described anomalies in
blood coagulation in patients with PCOS, demonstrating an imbal-
ance between the thrombogenic and antithrombogenic compo-
nents of the coagulation system. Higher platelet number, higher
Cavalcante MB et al. Coagulation Biomarkers in… Geburtsh Frauenheilk 2019; 79: 697–704
mean platelet volume, platelet activation, higher levels of von Wil-
lebrand factor, elevated PAI-1, elevated asymmetric dimethyl-L-
arginine, elevated levels of D-higher tissue factor, faster thrombin
generation, protein C deficiency, and lower levels of plasminogen
activity are some of the changes seen in coagulation components
in non-pregnant patients diagnosed with PCOS [15].

Physiologically, gestation is a prothrombotic state, which be-
comes more pronounced closer to term. Conditions other than
pregnancy may also increase the risk of thromboembolic events
in the gestational period. Shan et al. studied pregnant women
with or without PCOS during the first trimester of pregnancy and
observed that pregnant women with a previous diagnosis of PCOS
had a higher procoagulant state due to a higher concentration of
activated clotting factors VIII and activated X [29].

The possible relationship between thromboembolic events
and RM, such as those observed in the pathophysiology of APS,
has prompted studies investigating the relationship between
thrombophilic (inherited or acquired) state and pregnancy loss.
The current evidence does not allow the inclusion of inherited
thrombophilias in the list of etiologies of RM, although several au-
thors have shown a higher prevalence of some hereditary throm-
bophilias in patients with a history of RM. Recently, studies have
demonstrated a higher prevalence of PAI-1 4 G/5 G mutations,
MTHFR polymorphisms (A1298C and C677T), factor VII
polymorphisms, FVL, and prothrombin allelic polymorphisms
(A20210G) among populations of women with a history of RM
[18,30–32].

Currently, the international guidelines from reproductive med-
icine societies who guide the management of RM couples only
recommend APS investigation, and discourage screening of inher-
ited thrombophilias or other biomarkers of coagulation disorders
[33–36]. The existence of a possible association between inher-
ited thrombophilias and RM has led to intervention studies using
heparin (non-fractionated and low molecular weight) associated
or not associated with platelet anti-aggregating agents. However,
these studies have not been able to reduce the risk of pregnancy
loss in these patients [37]. Also, the current international guide-
lines for management of patients with a history of RM do not out-
line specific recommendations for women diagnosed with PCOS
(RM and PCOS) [33–36].

Some authors argue that there is a higher prevalence of inher-
ited thrombophilias in patients with RM and PCOS. They believe
that the lack of evidence for a relationship between RM and inher-
ited thrombophilias is due to studies that include all women with
RM. Selecting one specific group of these patients may lead to
identification of strong evidence of this relationship. However, de-
spite a small number of studies and patients, the present meta-
analysis of the reviewed literature corroborates the evidence that
there is no relation between inherited thrombophilias and all pa-
tients with RM, even in this specific group of patients with PCOS.

Data available in the current literature on women with no es-
tablished obstetric history suggest a strong relationship of PCOS
with increased platelet aggregation and reduced plasma fibrino-
lytic activity. Elevated platelet numbers and PAI-1 levels, and alter-
ation of other coagulation inhibitors represent some biomarkers
in patients with PCOS [15].
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▶ Fig. 2 a Factor V Leiden meta-analysis. Forest plot for RM with PCOS versus RM without PCOS: recurrent miscarriage. b C677T MTHFR meta-
analysis. Forest plot of RM with PCOS versus RM without PCOS: recurrent miscarriage. c A1298C MTHFR meta-analysis. Forest plot of RM with PCOS
versus RM without PCOS: recurrent miscarriage.
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Among the reviewed studies, PAI is a biomarker that requires
more attention. PAI is a factor of the fibrinolytic system that plays
relevant roles in hemostatic balance, tissue remodeling, angio-
genesis, and reproduction [38]. Gris et al. described high levels
of PAI-1 in RM patients compared with healthy pregnant women
[39]. Studies of women with PCOS with no established obstetric
702
history revealed a relationship between insulin resistance and in-
creased activity of PAI, corroborating the findings of Kazerooni et
al. in a group of patients with RM and PCOS [26,40,41].

In women with PCOS, PAI was also associated with a greater in-
flammatory process that is also involved in the etiology of RM
[41]. Koiou et al. [40] believe that the highest activity of PAI in
Cavalcante MB et al. Coagulation Biomarkers in… Geburtsh Frauenheilk 2019; 79: 697–704



PCOS patients is dependent on patient body weight, which is ele-
vated in patients with PCOS and obesity. However, Shan et al. [29]
and Glueck et al. [23] reported that elevated PAI activity occurs
regardless of the patientʼs body weight.

Recently, reproductive medicine associations published guide-
lines for the management of PCOS patients. The basic recommen-
dation for these patients includes diet control and physical activity
[6]. Furthermore, they showed that metformin improves gesta-
tional outcomes in these patients [6]. Some intervention studies
in patients with PCOS with no established obstetric history have
shown a beneficial effect of metformin use on coagulation bio-
markes [42,43]. Burchall et al. [42] observed a decrease in PAI ac-
tivity in a group of patients with PCOS treated with metformin.

Other PCOS therapeutic options have shown a beneficial effect
on gestational outcomes in PCOS patients. The use of liraglutide,
a long-acting glucagon-like peptide-1 (GLP-1) analog, in patients
with PCOS revealed improved results in cycles of in vitro fertiliza-
tion and coagulation disorders [43–45]. PCOS patients under-
going bariatric surgery typically present better metabolic control
and improved inflammatory status [46,47].

The limitation of this systematic review and meta-analysis is
the reduced number of previous publications about this topic.
Due to few published studies it was not possible to analyze differ-
ent biomarkers in this population. To our surprise, this is the first
review showing an association between PCOS, recurrent miscar-
riage, and coagulation disorders. The strength of this present
study was to identify possible coagulation biomarkers in recurrent
miscarriage patients with PCOS.

The present systematic review reveals that patients with RM
and PCOS deserve a differential approach during the evaluation
and follow-up during the perigestational period. These patients
have a high thromboembolic risk compared with other RM pa-
tients. Currently, the small number of available studies did not ob-
serve the relationship between inherited thrombophilias and RM
patients with PCOS; however, it is not yet possible to rule out this
association completely. Procoagulant anomalies are due to PCOS
metabolic aberrations. Clinical studies are required to investigate
possible biomarkers of clotting disorders in patients with RM and
PCOS. It is also important to propose intervention studies with
drugs to reduce insulin resistance, such as metformin, GLP-1 ana-
logs, sodium-glucose cotransporter-2 inhibitors, and dipeptidyl
peptidase-4 inhibitors, either associated or not associated with
anticoagulant therapies.
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