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REVIEW

Antiphospholipid syndrome and infertility
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Antiphospholipid syndrome is a systemic autoimmune disease associated with obstetric
complications along with vascular events affecting multiple organ systems in patients
having positive titers of antiphospholipid antibodies. Eight to 20% of infertility cases have
an unknown cause, part of which could be due to antiphospholipid syndrome. Although
still debatable, many studies have addressed the relation between reproductive failure and
antiphospholipid antibodies through the relation between antiphospholipid antibodies
and unexplained infertility as well as the effect of antiphospholipid antibodies on the outcome
of in vitro fertilization–embryo transfer. Few studies and cases have associated the presence of
antiphospholipid antibodies with male infertility, describing morphofunctional penile
abnormalities and testicular infarction. There are not enough data to support the routine
practice of testing antiphospholipid antibodies in patients with infertility. Lupus (2019) 0,
1–13.
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Introduction

Anti-phospholipid syndrome (APS), a systemic
autoimmune condition, is characterized by vascular
thrombosis and/or pregnancy morbidity in the
presence of anti-phospholipid antibodies (aPL).
A patient with APS must manifest at least one of
the two clinical criteria (vascular thrombosis or
pregnancy morbidity) and at least one of three
laboratory criteria: positive lupus anticoagulant
(LA), or medium- to high-titer IgG or IgM antic-
ardiolipin antibody (aCL), or medium- to high-titer
B2 glycoprotein I (B2GPI) IgG or IgM antibody
confirmed on two separate occasions, at least
12 weeks apart.1 aPL can inhibit the function of
the regulators of hemostasis such as beta-2 glyco-
protein 1, protein C, and protein S by binding to
phospholipids and phospholipid-binding proteins,
which mediates vascular events and pregnancy
complications.2 They can also activate endothelial
cells to increase the production of arachidonic acid
metabolites, adhesion molecules, and cytokines.

In either way, aPL can enhance the potential for
thromboembolism.3

Infertility is defined as the failure of conceiving
after 12 months of regular unprotected inter-
course.4 Eight to 20% of infertility cases are
unexplained and referred to as ‘‘idiopathic infertil-
ity,’’ which requires an etiologic assessment.
Although still debatable, serum autoantibodies
might contribute to idiopathic infertility. A toler-
ance mechanism involving a Th1 to Th2 shift
allows the implantation of the embryo into the
maternal endometrium favoring autoantibody pro-
duction.5 There has been a considerable interest in
exploring the relationship between unexplained
infertility and aPL as well as the effect of aPL on
the outcome of in vitro fertilization-embryo trans-
fer (IVF-ET).

This review is intended to discuss the available
evidence on the relationship between APS and
infertility in females and males.

Clinical picture and pathogenesis of APS

APS is an autoimmune condition characterized
by the presence of one or more aPL combined
with certain clinical features related to
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thromboembolism.6 Thrombotic events may
occur in any vascular bed, with the cerebral circu-
lation being most commonly affected. Recurrent
early miscarriage, usually before 10 weeks of gesta-
tion, is the most common obstetric manifestation
of APS.

aPL can lead to a disordered placental function
by several mechanisms. aPL can block the tropho-
blastic migration in-vitro, thereby inhibiting the for-
mation of giant multinucleated cells that are
essential for placental function before the formation
of spiral arterioles.7 In addition, aPL can inhibit cer-
tain trophoblast cell adhesion molecules such as
alpha I and V integrins as well as cadherin E and
vascular endothelial cadherin. Moreover, inflamma-
tory responses have been suggested in the action
of aPL that activate the complement system on
the trophoblast surface.8 Additionally, aPL has the
ability to bind to placental anticoagulant proteins,
facilitating coagulation in the placenta.3,9

The pathogenic mechanisms of infertility in APS

Although the precise pathogenic mechanisms by
which aPL might influence the fertility of a couple
have not yet been characterized, some studies have
addressed the role of complement as well as neutro-
phils. It has been hypothesized by in vivo studies
that aPL can interfere with oocyte development
and uterine decidualization.10 Decidual necrosis
has been observed in mice models upon treatment
with aPL IgG.2 Moreover, the treatment of preg-
nant mice with aPL IgG facilitated the extensive
deposition of complements fragments C3 and C5
at the uterine decidua.11,12 An mRNA expression
study by Francis and colleagues revealed that APS
women express lower levels of decidual markers
such as prolactin, tissue factor, and DAF/
CD55, which is a complement regulatory protein
conferring cellular protection against complement-
mediated lysis.13

Neutrophils have been implicated in the path-
ways of APS infertility. Girardi and colleagues
showed that aPL activate C5a, which activates
numerous neutrophils leading to fetal injury and
death.12 It has been hypothesized that the presence
of neutrophil extracellular traps (NETs) promotes
coagulation.14 The mechanism might involve an
activation of platelets to induce the process of
NETosis.15 Maternal cell-free DNA has been
marked as an isolated form of NET components,
which increases in concentration during labor
and immediately post-partum when the risk of

thrombosis is significantly higher. The association
between cell-free DNA as a form of NETs and
placental dysregulation leading to infertility is
still questionable.16 Another role for NETs in
mediating infertility was proposed by Zamrano
and colleagues. Isolated human polymorpho-
nuclear neutrophils from humans was incubated
with fresh human sperm to trigger the generation
of NETs. Sperm motility were impeded by NET
formation, which might reduce the chance of suc-
cessful fertilization.17

APS and female infertility

APS and unexplained infertility

A review of the literature yielded 16 studies that
have assessed aPL positivity rates in infertile
women and control populations. In total, 10 studies
showed an elevation of ome or more aPL in women
with unexplained infertility compared with healthy
controls. Six studies showed no significant differ-
ences of measured aPL between patients with unex-
plained infertility and healthy controls.

APS related to unexplained infertility
The initial evidence linking aPL and infertility came
from retrospective serologic studies of women with
unexplained infertility. In 1989, Gleicher and col-
leagues performed 33 separate assays consisting of
antibodies against two phospholipids, five histone,
and four polynucleotide antigens, using blood
samples from women with unexplained infertility
as well as from patients with unexplained preg-
nancy loss. A greater proportion of those with
unexplained infertility were positive for at least
one of the 33 antibodies.18 Another study by the
same group tested multiple aPL in women with
unexplained infertility and other women with endo-
metriosis, and compared the results with women
diagnosed with infertility from a known cause
without a history of recurrent pregnancy loss. The
group of women with unexplained infertility and
endometriosis had a higher number of subjects
who were positive for two or more of either aCL,
antiphosphatidylserine (aPS), or antiphosphatidyi-
nositol (aPI) than the controls.19 Around that time,
serum samples from patients with unexplained
infertility and normal pregnant women were
assayed for a range of autoantibodies by Taylor
and colleagues. The prevalence of autoantibodies
in smooth muscle, phospholipids, and nuclear
antigens was elevated in women with infertility
compared with normal pregnant women.20
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Later, Roussev and colleagues determined the fre-
quency of abnormal immunologic tests among
women suffering from reproductive failure. aPL
was more prevalent in women with unexplained
infertility than in controls.21 While studying the
effects of immunotherapy with corticosteroids
on the pregnancy rate in infertile patients with an
ovulatory factor and in patients with unexplained
infertility referred to superovulation with intrauter-
ine insemination, Kim and colleagues measured
the prevalence of autoantibodies in both groups
of patients. The prevalence of LA and aCL was
elevated significantly in patients with unexplained
infertility compared with patients with ovulatory
infertility.22 Coulam and colleagues had the pur-
pose of determining the specific aPL that must
be evaluated to identify individuals at risk of
implantation failure. All of the aPL tested had a
significantly higher frequency among women with
autoimmune implantation failure compared with
controls.23 The purpose of Cubillos and colleagues’
study was to determine the incidence of autoanti-
bodies in patients with no term pregnancies. A high
incidence of autoantibodies including LA and aCL
was found in patients with primary infertility.24

Kutteh and colleagues measured the serum levels
of antibodies for five different phospholipids in
women with infertility before undergoing an IVF
cycle and in healthy women. aPL was significantly
higher in patients undergoing IVF.25 Radojcic and
colleagues assessed the presence of non-organ spe-
cific autoantibodies in fertile, infertile, and cases of
unexplained infertility. Increased incidence of aCL
in infertile women was observed.26 Sera from
patients who had unexplained infertility and
healthy females were age matched to the study
patients and assessed for aPL, which were found
to be higher in infertility patients in the study of
Shoenfeld and colleagues.27 The prevalence of aPL
among a large group of patients and controls were
measured in the study by Sauer and colleagues.
A significantly higher proportion of women with
a history of unexplained infertility had more than
one positive aPL compared with fertile negative
control women.28 Table 1 lists all the studies that
concluded aPL are associated with unexplained
infertility.

APS not related to unexplained infertility
Most of the early studies had problems of interas-
say variation between the patient group and the
control group. Taking into consideration the
critics, Hatasaka and colleagues29 studied the sero-
prevalence of aPL antibodies in women with unex-
plained infertility. The investigators in this study

were blinded. The control group constituted of
women with documented fertility. A standardized
assay was used. Contrary to what has been con-
cluded in previous studies, no difference between
infertile and fertile women in mean normalized
aPL antibodies was observed. The sera of normal
non-pregnant women along with the sera and fol-
licular fluids of women with unexplained infertility,
endometriosis, and tubal infertility were tested for
the prevalence of antibodies to phospholipid and
sperm antigens by Nip and colleagues. The com-
parison between the sera and the follicular fluid
of the two groups showed the titers of specific
antibodies were different.30 Ruiz and colleagues
prospectively studied women with unexplained
infertility. Maternal antipaternal lymphocyte anti-
bodies and aPL were tested. The prevalence of aPL
was not different between patients and controls.31

Because there were numerous studies at the time
suggesting that aCL might serve as possible
markers for the failure of reproduction, Azem
and colleagues studied women with either unex-
plained infertility or infertility due to tubal factors.
No statistically significant differences were found.32

A case control study was performed by Martinelli
and colleagues in women referred for IVF and in
women who conceived naturally. aPL were not
detected in any of the women.33 Table 2 lists all
the studies that concluded aPL are not associated
to unexplained infertility.

APS and IVF outcome

The association of aPL-mediated infertility has
been proposed as a cause of IVF outcome. Our
literature review showed 33 studies that tested the
relationship between titers of certain aPL in women
who underwent at least one cycle of IVF. In total,
15 studies showed that aPL contribute to IVF fail-
ure, whereas 18 studies showed no association
between aPL and IVF failure.

APS related to infertility
El-Roeiy and colleagues reported in 1987 that the
aPL present in the serum of infertile women being
treated with IVF could be transferred into follicular
fluid, resulting in failed subsequent implantation.34

A prospective study by Fisch and colleagues in
1991 assessed the possible effects of stimulating
the ovaries during IVF treatment cycles on circulat-
ing levels of aPL. Sera from patients were collected
at three time points along the IVF treatment cycle,
and the levels of autoantibodies were compared
with age- and sex-matched controls. The mean
levels of aPL in sera of patients treated by IVF
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were found to be significantly higher than the cor-
responding levels of the control group.35 To inves-
tigate the role of autoimmune factors as a possible
cause for implantation failure as manifested by

chemical pregnancy after IVF and ET, Geva and
colleagues examined patients who had one or more
chemical pregnancies and no deliveries for serum
levels of many autoantibodies including aCL and

Table 1 Studies linking aPL to unexplained infertility

Study Patient population Control population Results

Gleicher et al.19 26 infertile patients due to an idiopathic
cause

24 controls with unexplained preg-
nancy loss

A greater proportion of those with unex-
plained infertility were positive for at
least one of the 33 antibodies measured.

Aoki et al.20 65 patients with unexplained infertility
and 64 patients diagnosed with
endometriosis

97 patients with infertility due to a
known cause

More patients in the unexplained infertility
and endometriosis group were positive for
two or more of either aCL, aPS, or aPI.

Taylor et al.21 41 patients with unexplained infertility 351 normal pregnant women The prevalence of autoantibodies to
smooth muscle, phospholipids, and
nuclear antigens was significantly ele-
vated in women with infertility com-
pared with normal pregnant women.

Roussev et al.22 108 patients: 45 with recurrent pregnancy
loss; 45 with unexplained infertility
including 10 who failed IVF; 10 with
endometriosis; five with ovarian fail-
ure; and three with polycystic ovaries

15 normal controls 65% of women from the patient group had
at least one positive test. The most fre-
quent abnormal result among women
with unexplained infertility was the
presence of aPL (42%).

Kim et al.23 78 patients with unexplained infertility 91 infertile controls with ovulatory
factors

The prevalence of autoantibodies (anti-
nuclear antibody, lupus anticoagulant,
anticardiolipin antibody, antidouble-
stranded DNA antibody) was elevated
significantly in patients with unexplained
infertility compared with patients with
ovulatory infertility (20.5% versus
3.3%).

Coulam et al.24 312 patients with autoimmune implant-
ation failure

100 fertile control women All of the aPL tested (IgG, IgM, and IgA
anticardiolipin, antiphosphatidyl etha-
nolamine, antiphosphatidyl inositol,
antiphospatidic acid, anti-phosphatidyl
glycerol, antiphosphatidyl choline, and
antiphosphatidyl serine) had a signifi-
cantly higher frequency among women
with implantation failure.

Cubillos et al.25 43 patients with primary infertility 35 healthy controls with proven fer-
tility and no history of pregnancy
loss or autoimmune disease

The incidence of APA and aPL was 37.2%
(p< 0.05) and 53.5% (p< 0.05), respect-
ively in the patient group. The incidence
of ANA was 5.7% and 11.4% for aPL in
the control population.

Kutteh et al.26 191 patients with a history of infertility
before undergoing IVF cycle

200 normal controls aPL were detected in 18.8% of patients
undergoing IVF compared with only
5.5% in the 200 normal controls.

Radojcic et al.27 65 infertile women, and 42 cases of
unexplained infertility

27 fertile controls In fertile women, aCL was below the
negative cut-off value (100%), whereas
women with unexplained infertility were
positive in 23.8%. aCL antibodies were
detected in 21.5% of infertile patients,
most of them with unexplained infertility
(15.4%).

TgAt incidence was increased in infertile
(20%) and unexplained infertility group
(21.4%) compared with the fertile con-
trols (18.5%).

Shoenfeld et al.28 69 patients with unexplained infertility 120 healthy controls aPL and anti-prothrombin antibodies were
found to be raised in infertility patients
compared with controls.

Sauer et al.29 1325 patients with a history of unex-
plained infertility

205 fertile control women 8% of women with a history of unex-
plained infertility had more than one
positive aPL compared with 1.5% of
fertile control women.

aCL: anticardiolipin antibody; APA: all anti-phospholipid antibodies; aPS: anti-phosphatidylserine; aPI: antiphosphatidyinositol; aPL: anti-phos-

pholipid antibodies; IVF: in vitro fertilization; tgAT: antithyroglobulin.
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LA, and compared the levels of those autoantibo-
dies to patients for whom IVF-ET treatment was
successful. Unlike the study group, autoantibodies
were not detected in any of the control group.36

The purpose of another early study performed by
Birkenfeld and colleagues was to investigate the
possible role of autoantibodies including aCL and
LA as a cause of implantation failure following
IVF-ET. Three groups were studied: one group
contained patients who failed to conceive following
ET; another group with patients who conceived
following IVF-ET or are currently pregnant;
and another group with patients who were new
candidates for IVF-ET. None of those who had
successful IVF tested positive for autoantibodies,
in contrast to the other two groups. The study
suggested that peri-implantation events may be
affected by autoantibodies including aPL.37

A few years later, Geva and colleagues measured
the serum levels of aCL and LA in IVF patients
with three or more previously failed cycles and in
controls. aCL was significantly higher in the patient
group compared with the control group. LA was
absent in both groups.38 Focusing on routine
screening for circulating aPL, Balasch and col-
leagues concluded their results favor a possible
role of aPL in failure of implantation after IVF-
ET.39 The purpose of Kaider and colleagues’
study was to establish the prevalence of aPL
in women who have had at least 12 embryos trans-
ferred during several IVF cycles without a

successful pregnancy. The difference between IVF
failure and IVF successful groups was significant.40

In 1998, a prevalence study was performed by Stern
and colleagues to investigate that autoantibodies
were associated with IVF implantation failure.41

Kaider and colleagues had a large group of patients
with reproductive failure. The presence of aPL in
those patients was compared with healthy women.
Most women with IVF failure had at least one
abnormal immunologic test. Also, a majority of
patients diagnosed with unexplained infertility
had at least one abnormal test. Of normal fertile
controls, a minority showed at least one abnormal
test result.42 Ulcova-Gallova concluded in their
study that aPL can reduce the success of spontan-
eous and artificial IVF-ET implantation by being
directed against negatively charged phopsholi-
pids.43 Sanmarco and colleagues determined the
percentage of infertile women with at least three
unsuccessful IVF attempts who were positive for
aPL, and compared it with controls. aPL preva-
lence was significantly higher in the patients
group.44 Blood samples from patients with three
or more IVF-ET failures were tested for the pres-
ence of aPL to be followed by measurement of
aPL in the follicular fluid in Matsubayashi and col-
leagues’ study. Patients with no aPL in their blood
had no aPL in their follicular fluid. Patients with
aPL in their blood specifically had IgG aPL in their
respective follicular fluid. The presence of IgG aPL
in the follicular fluid and increased infertility length

Table 2 Studies showing no link between aPL and unexplained infertility

Study Patient population Control population Results

Porter et al.22 48 patients with isolated tubal factor
infertility and 55 patients with unex-
plained infertility

122 healthy, non-pregnant controls
of reproductive age

For each of the seven aPL tested
(aCL, aPS, phoshatidic acid (PA),
p-inositol (PI), p-glycerol (PG),
p-choline (PC), and pethanolamine
(PE)), no differences were observed
among the study groups.

Nip et al.31 30 patients with unexplained infertility,
20 with endometriosis, and 50 with
tubal infertility

20 normal non-pregnant controls There was no relation between pres-
ence of specific antibodies in serum
or between serum and follicular
fluids of patients and controls.

Ruiz et al.32 36 patients with unexplained infertility 124 controls with three or more
recurrent spontaneous abortions

The prevalence of autoantibodies to
phospholipids and nuclear compo-
nents was not different.

Azem et al.33 63 patients with unexplained infertility 54 controls with infertility due to
tubal factors

aCL was present in 36.5% of patients
in contrast to 29.6% of controls,
which is not significant.

Martinelli et al.34 234 patients referred to IVF or ICSI 234 controls who conceived naturally The prevalence of factor V, pro-
thrombin, and methylene-tetrahy-
drofolate reductase mutations was
similar. aPL were not detected in
any of the women.

aCL: anticardiolipin antibody; aPS: anti-phosphatidylserine; aPI: antiphosphatidyinositol; aPL: anti-phospholipid antibodies; ICSI: intracytoplas-

mic sperm injection; IVF: in vitro fertilization.
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were associated to lower fertilization rates, inde-
pendently.45 Blood samples taken from women
referred for IVF were tested for the presence of
aPL by Lee and colleagues. The autoantibody posi-
tive group had significantly higher abortion rate
and lower delivery rate than autoantibody negative
group.46 The IVF success rate, pregnancy rate, and
implantation rate were markedly lower in the aCL
positive group compared with the aCL negative
group in Zhong and colleagues’ study.47 Chen
and colleagues performed a prospective study
on a large number of women undergoing IVF.
The comparison between the aPL positive and
aPL negative groups yielded a lower pregnancy
rate and live birth rate in the aPL positive group
whenever only selected antibodies were taken
into consideration.48 Recently, Khizroeva and col-
leagues examined the relation between the presence
of aPL and the outcomes of IVF treatment.
The IVF failure group had significantly higher
levels of aPL compared with IVF success group.49

Table 3 lists all the studies that concluded aPL can
be related to IVF failure.

APS not related to infertility
At the time when several studies were describing the
effect of aPL on the outcome of IVF-ET, Sher
and colleagues compared the prevalence of certain
isotypes of six different aPL in women on whom
IVF-ET had failed, and in women who had success-
ful outcomes of IVF-ET. The prevalence of aPL
in patients with organic pelvic disease was much
higher than in those without reproductive tract
pathology. The study group combined the data
for women positive for aPS with the women posi-
tive for anti-phosphatidylethanolamine, and
reported that those women had a lower live birth
rate than women who were negative for either one
of the antibodies. However, there was no difference
in birth rates between women positive for any aPL
individually.50 At the same time, Gleicher and
colleagues measured the levels of six different
anti-phospholipid antibodies in infertile patients
who had undergone IVF. Autoantibody and
immunoglobulin abnormalities alone or in combin-
ation did not predict pregnancy success.51 Birdsall
and colleagues took a large group of women
undergoing IVF treatment who had attempted
fewer than three previous IVF cycles. Comparing
women with previous attempts at IVF and women
having their first cycle, the percentage of aPL posi-
tive women was similar.52 Antibodies against seven
different types of phospholipids were measured in
serum samples collected from women undergoing
IVF who were followed up for their pregnancy

rate by Denis and colleagues. Pregnancy rates
were equal among patients with or without aPL.53

To determine the prevalence of aCL in the IVF
population and explain their presence and specific
isotype with IVF cycle outcome, Kowalik and
colleagues assessed the midfollicular sera of non-
conceiving women after IVF and women who suc-
cessfully underwent IVF. There was no statistically
significant difference in the prevalence of antibodies
between the two groups. The study group con-
cluded that aCL do not predict the outcome of an
IVF cycle, and that routine testing of IVF patients
for the presence of these antibodies is of limited
clinical utility.54 In Egbase and colleagues’ study,
the prevalence of aPL was similar between the
group of women having consecutive miscarriage
after IVF or intracytoplasmic sperm injection
(ICSI) and the group of fertile women with three
or more miscarriages.55 Eldar-Geva and colleagues
aimed to investigate the influence of aPLs on the
pregnancy and live-birth rates in patients undergo-
ing assisted reproductive treatment. They assessed
18 different antibodies for phospholipids in women
before starting IVF cycles, women who had at least
failed two cycles, women who failed five or more
IVF cycles, and women who became pregnant
within their first two IVF cycles. There was no rela-
tionship between circulating aPL and IVF out-
come.56 Martinuzzo and colleagues evaluated aPL
in women with recurrent IVF failures and com-
pared the serum levels to controls. No significant
difference was observed.57 According to Qublan
and colleagues, the percentage of LA and aCL posi-
tive women with three or more previously failed
IVF-ET cycles was not statistically different from
that in women who have had successful pregnancy
after their first IVF-ET cycle, and from women who
conceived without any reproductive assistance.58

Buckingham and colleagues also aimed to investi-
gate the finding that aPLs are concentrated in fol-
licular fluid and establish if this is associated with a
poorer outcome for IVF. They determined the
number of women who were seropositive for at
least one aPL before undergoing IVF. Women
positive for aPL had a lower implantation rate,
but the difference was not significant.59 In 2008,
the American Society for Reproductive Medicine
published a systematic review on the presence of
aPL and IVF outcome. Based on the available
data at the time, the review concluded that no asso-
ciation exists between aPL and IVF failure.60

In the study by Caccavo and colleagues, aCL was
measured in women undergoing IVF-ET before
starting treatment on the day of oocyte retrieval,
and 14 days after ET and compared with fertile
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Table 3 Studies showing that aPL is related to IVF failure

Study Patient population Control population Results

Fisch et al.36 35 patients who underwent at least
one previous IVF attempt

36 age- and sex-matched controls The mean levels of aPL (but not
ANA) in sera of IVF-treated
patients were found to be signifi-
cantly higher than the correspond-
ing values of the control group.

Geva et al.37 21 patients who had one or
more chemical pregnancies and no
deliveries

21 controls who had conceived and
delivered after IVF-ET treatment

The incidence of circulating auto-
immune antibodies in the study
group was 33.3% (7/21) with three
patients (14.2%) positive for aCL.
Autoimmune antibodies were not
detected in any control.

Birkenfeld et al.38 56 patients who failed to conceive
following ET

14 patients who have conceived fol-
lowing IVF-ET and delivered or
are carrying an uncomplicated
ongoing pregnancy

18 out of 56 (32.1%) of patients
tested positive for one or more of
the autoimmune antibodies
including LA and aCL. None of
the 14 controls tested positive for
any of the autoimmune antibodies.

Geva et al.39 50 IVF patients with three or more
previously failed cycles

80 controls; 40 who had conceived
and delivered following three or
fewer IVF and embryo transfer
cycles, and 40 who were healthy
nulligravidas

The incidence of autoantibodies in
the patient group was 22%, com-
pared with 2.5% in the IVF control
group (p< 0.05) and 7.5% in the
nulligravida group (p< 0.05). aCL
was present in 6% of the patients
compared with 0% of controls. LA
was absent in both groups.

Balasch et al.40 822 patients, notably 498 infertile
women and 40 with repeated fail-
ure of embryo transfer

451 controls who had never been
pregnant, or had been pregnant
with no previous abortions, or had
a successful IVF-ET after their first
treatment

aPL positivity among women with
repeated failure of IVF-ET was
10% compared with 0% in infertile
women achieving a live birth with
their first IVF-ET.

Kaider et al.41 42 patients with IVF failure 42 controls who successfully con-
ceived after IVF

11/42 (26.2%) IVF failure patients
were positive for any aPL in com-
parison with 2/42 (4.8%) of IVF
successful controls.

Stern et al.42 105 patients undergoing IVF who
had at least 10 embryos transferred
without a successful outcome

106 fertile controls Autoantibodies, particularly anti-
b2GPI antibodies, were associated
with IVF implantation failure
along with recurrent spontaneous
abortion.

Kaider et al.43 122 patients with a history of IVF-ET
failure; 97 women had a history of
unexplained infertility

100 healthy women 70% of women with IVF failure had
at least one abnormal test;
approximately 81% of patients
diagnosed with unexplained infer-
tility had at least one abnormal
test. 10% of normal fertile controls
showed at least one abnormal test
result.

Ulcova-Gallova et al.44 1073 patients after one IVF,
853 women after two and
more IVF cycles

391 healthy fertile women Patients after two and more IVF
cycles were associated with signifi-
cantly higher serum levels of aPLs.

Matsubayashi et al.46 44 patients with three or more
IVF-ET failures (29 aPL positive
and 15 aPL negative patients)

No control group The presence of aPL in follicular fluid
was significantly related to a lower
fertilization rate.

Sanmarco et al.45 101 infertile patients with at least
three unsuccessful IVF attempts

160 healthy fertile controls 40 infertile patients were persistently
positive for aPL, showing a preva-
lence significantly higher than in
controls (39.6% versus 5%,
p< 0.0001).

Lee et al.47 54 patients referred for IVF No control group Nine patients (16.7%) were positive
and 45 (83.3%) were negative for
aPL. The aPL positive group and
aPL negative group had abortion
rates of 62.5% and 20.0%,
respectively. Delivery rates were
37.5% and 80.0%, respectively.

(continued)
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controls. No relationship was found between aCL
and pregnancy outcome.61 In the study by Steinvil
and colleagues, LA positive women had significantly
higher live birth rates in comparison with women
who tested negative.62 In 2014, the participants in
the congress of the Task Force on obstetric
Antiphospholipid Syndrome agreed there are not
enough data to support the inclusion of ‘‘infertility’’
as criteria for APS. They rejected the routine prac-
tice of investigating aPL in patients with infertility.
Also, they concluded there are no well-designed stu-
dies to show that patients with infertility and posi-
tive aPL require treatment.63

Ying and colleagues studied infertile women
positive for aCL and those who were negative for
aCL. The overall IVF results in the aCL positive
group were comparable with patients negative for
aCL.64 The presence of LA and aCL did not affect
the pregnancy rate nor did it increase the risk for
IVF cycle failure or ovarian hyperstimulation syn-
drome in a Jamaican retrospective study performed
by DaCosta and colleagues.65 The relationship
between implantation failure and aPL was assessed
by Paulmyer-Lacroix and colleagues through the
measurement of different phospholipids in women
presenting with at least two implantation failures
after IVF. No significant difference existed between
the total number of IVF attempts including those
that succeeded between aPL positive and negative

IVF patients.66 Similarly, Orquevaux and col-
leagues assessed aPL in women undergoing IVF
and associated the presence of aPL to IVF out-
come. Pregnancy rate in both groups was similar.67

To investigate the prevalence of aPL among women
undergoing their first IVF treatment and evaluate
the influence of aPL on the subsequent IVF out-
comes, Hong and colleagues measured the plasma
concentration of different aPL before starting the
cycle. The clinical pregnancy rate, ongoing preg-
nancy rate, and miscarriage rate were all similar
between the aPL positive and aPL negative
group.68 Di Nisio and colleagues showed no statis-
tically significant associations between thrombo-
philic defects and IVF outcomes in women
undergoing IVF after following-up prospectively
seropositive and seronegative women undergoing
IVF.69 Table 4 lists all the studies that concluded
aPL have no relation to IVF outcome.

aPL and male infertility

Male infertility can have several causes such as
abnormal sperm function, blockages that prevent
the delivery of sperm, or varicocele.5 About 8%
to 18% of APS patients are males, and most
organ systems in the human body, including

Table 3 Continued

Study Patient population Control population Results

Zhong et al.48 76 infertile patients diagnosed as
having pure tubal factor infertility
undergoing IVF-ET

No control group The IVF rate, pregnancy rate, and
implantation rate in the aCL posi-
tive group were markedly lower
than those in the aCL negative
group (75.5% versus 78.9%,
31.3% versus 48.6% and 16.1%
versus 28.1%, respectively).

Chen et al.49 193 patients undergoing IVF who
were positive for any aPL

844 controls undergoing IVF who
were negative for any aPL

The clinical pregnancy rate was sig-
nificantly lower in the anti b2GPI
antibody group than in the nega-
tive group.

The live birth rates were significantly
lower in the aCL and anti b2GPI
antibody group than in the nega-
tive group.

The miscarriage rates were markedly
higher in the aCL and anti b2GPI
antibody group than those in the
negative group.

Khizroeva et al.50 178 infertile patients with IVF failure 89 controls with pregnancy after the
IVF program

A high frequency of aPL in the group
of women with IVF failures was
illustrated. 42.1% IVF failures
had elevated aPL levels. Among
IVF success women, the rate of
aPL was 19.1%.

aCL: anticardiolipin antibody; APA: all anti-phospholipid antibodies; aPL: anti-phospholipid antibodies; IVF-ET: in vitro fertilization-embryo

transfer; LA: lupus anticoagulant.
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Table 4 Studies showing no effect of aPL on IVF outcome

Study Patient population Control population Results

Sher et al.51 429 patients with organic pelvic
disease undergoing IVF

64 infertile patients with isolated
male factor

53% of patients with organic pelvic disease
had aPL, which was much higher than in
those without a pathology (14%).

aPL positive patients had a lower live birth
rate although no difference in birth rates
existed between women positive for any
aPL antibody individually compared
with women who tested negative.

Gleicher et al.52 105 infertile patients who had
undergone IVF

Not applicable The patients had low autoantibody and
total immunoglobulin levels, which
did not explain the low clinical preg-
nancy rates.

Birdsall et al.53 240 patients who had attempted
fewer than three previous IVF
cycles

No control group aCL and aPS were present in 36 out of 240
(15%) patients but were not associated
with a failed IVF cycle or miscarriage.

aPL were not significantly higher in women
with previous attempts at IVF compared
with women having their first cycle.

Denis et al.54 793 patients attempting to con-
ceive by IVF

No control group 66% of patients successfully conceived by
IVF. Pregnancy rates were equal among
patients with positive and negative aPL.

Kowalik et al.55 222 patients non-conceiving after
IVF

307 controls who successfully under-
went IVF

The overall prevalence of aCL in IVF
patients was 7%.

There was no statistically significant dif-
ference in the prevalence of these anti-
bodies in the groups of controls,
spontaneous miscarriage, ongoing preg-
nancy, and patients who failed to con-
ceive.

There was no association between the out-
come and the antibody isotype
expressed.

Egbase et al.56 60 patients with primary infertil-
ity undergoing IVF or ICSI
and 16 patients with miscar-
riage before 20 completed
weeks after IVF or ICSI cycle

42 fertile women with three or more
miscarriages

Seropositivity was similar between women
with miscarriage before 20 weeks after
IVF or ICSI (25%) and fertile women
with three or more miscarriages (21.4%).

Elder-Geva et al.57 67 patients with two to four failed
assisted reproductive treatment
cycles, and 29 women with five
or more failed assisted repro-
ductive treatment cycles

45 controls who became pregnant
within their first two IVF cycles

Neither the serum concentration of any of
the 18 aPL nor the number of positive
subjects for aPL was related with the
number of assisted reproductive treat-
ment failed cycles or affected the prob-
ability of pregnancy.

Martinuzzo et al.58 48 patients with recurrent IVF
failures

80 fertile controls who had only suc-
cessful pregnancies

Of the 80 control women, aCL was found
in only one subject (1.2%). Only two out
of 48 (4.2%) patients with IVF failures
had aCL. Neither the patients nor the
controls had a positive LA.

Qublan et al.59 90 patients with three or more
previously failed IVF-ET cycles

90 controls who have had successful
pregnancy after their first IVF-ET
cycle, and other 100 controls who
conceived spontaneously with at
least one uneventful pregnancy and
no previous history of miscarriage

Seropositivity for LA and aCL was not
statistically significant between patients
and controls.

Eight out of 90 patients (8.9%) were posi-
tive for LA in comparison with two out
of 190 (2.2%) for controls (p ¼ 0.2).

Nine out of 90 patients (10%) were positive
for aCL in comparison with five out of
190 controls (2.6%) (p ¼ 0.294).

Buckingham et al.60 99 patients undergoing IVF No control group In 19.2% of patients, at least one aPL was
detected in their serum and/or follicular
fluids.

Subjects with positive aPL had a lower
implantation rate (14%) than subjects
without these antibodies (24.1%), but
this difference was not significant
(p¼ 0.127).

(continued)
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testicles, can be affected.70 Rabelo-Júnior and
colleagues conducted a cross-sectional study to
perform global testicular and sexual function
assessments in male patients with primary APS,
evaluating its possible association with clinical
and laboratory parameters. Although APS males
had more morphofunctional penile abnormalities
than control males, both groups had normal tes-
ticular function. This study raised an issue about
fertility or fear of impaired sexual function in male
patients with rheumatologic diseases.71 In another
cross-sectional study, Rabelo-Júnior and colleagues
compared the median penis circumference, sperm
concentration, and total sperm count between
APS males and healthy controls. The authors

observed an association between reduced penile
size with erectile dysfunction and previous arterial
thrombosis in APS patients.72

There have been case reports in the literature
describing the existence of testicular vein thrombosis
in patients with high titers of aPL, which might affect
fertility. Wu and colleagues reported the case of a
male diagnosed with APS who presented for left scro-
tal pain secondary to a thrombosis of the left testicu-
lar vein and pampiniform plexus, which led to an
extensive intra-parenchymal hemorrhage of the
testis and epididymis with congestion of the sperm-
atic cord and vessels.73 Another case report by Leder
and colleagues demonstrated testicular thrombosis
necessitating orchiectomy in a patient with high

Table 4 Continued

Study Patient population Control population Results

Caccavo et al.62 50 patients undergoing IVF-ET 31 age-matched fertile controls aCL levels detected before the treatment in
patients were not significantly different
compared with the control group. aCL
measured 14 days after the embryo
transfer was significantly higher than
before starting treatment and on the day
of oocyte retrieval. However, no rela-
tionship was found between aCL and
pregnancy outcome.

Steinvil et al.63 594 patients undergoing IVF Total of 67 fertile controls plus
women with a history of DVT

Those who had LA had significantly higher
live birth rates (12.3%) in comparison
with women who tested negative (9.7%).

Ying et al.65 116 infertile women positive for
aCL

518 infertile women negative for aCL The overall IVF results in the aCL positive
group were comparable with patients
negative for aCL.

DaCosta et al.66 34 aPL positive patients 205 aPL negative controls Of the 30 patients who were LA and/or
aCL positive, eight (26.7%) had a posi-
tive pregnancy test. Of the controls, 61
out of 181 (33.7%) were LA and/or aCL
negative (p ¼ 0.5787).

Paulmyer-Lacroix et al.67 Eight aPL positive patients pre-
senting with at least two
implantation failures after IVF

32 aPL negative controls presenting
with at least two implantation
failures after IVF

b2GPI IgA antibodies were significantly
higher in patients who underwent IVF
(12.5%, 5/40) than in those who did not
(1%, 1/100) (p ¼ 0.01).

No difference according to the number of
IVF attempts and success of embryo
implantation was found between aPL
positive and negative IVF patients.

Orquevaux et al.68 12 patients who were aPL posi-
tive and underwent IVF

15 controls who underwent IVF and
were aPL negative

Pregnancy rate in both groups was simi-
lar (25% for aPL positive group and
32.43% for women who were aPL
negative).

Hong et al.69 12 aPL positive patients
undergoing their first IVF

181 aPL negative controls undergo-
ing their first IVF cycle

The clinical pregnancy rate, ongoing preg-
nancy rate, and miscarriage rate were all
similar between aPL positive and aPL
negative groups.

Di Nisio et al.70 57 aPL positive patients
undergoing IVF

598 aPL negative controls undergo-
ing IVF

There were no statistically significant
associations between thrombophilic
defects and clinical pregnancy or preg-
nancy test results.

aCL: anticardiolipin antibody; aPS: anti-phosphatidylserine; aPL: anti-phospholipid antibodies; IVF-ET: in vitro fertilization-embryo transfer;

DVT: deep vein thrombosis; LA: lupus anticoagulant; ICSI: intracytoplasmic sperm injection.
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levels of aCL associated with acute HIV infection.74

Similarly, Gobel and colleagues presented the case of
a man with left testicular thrombosis who underwent
unilateral orchiectomy, and was found to have high
titers of aCL.75 Fernandez Rosado and colleagues
also described a relationship between APS and
male infertility.76 Srivastava and colleagues reported
the case of a patient who presented for left testicular
pain to undergo unilateral orchiectomy, and was
found to have high titers of LA, aCL, and anti-
b2GPI antibodies on two separate tests.77 Further
data are required to assess male infertility in APS.

Conclusion

APS is characterized by a variety of clinical mani-
festations induced by aCL, anti-b2GPI, and LA.
Controversy continues to exist regarding a possible
association between aPL and infertility. Although
an association between aPL and IVF failure has
been suggested in some retrospective studies, no
association was present in most of the prospective
studies published so far. There are not enough data
to support the routine practice of testing aPL in
patients with infertility. Furthermore, there are no
well-designed studies to show that patients with
infertility and positive aPL require treatment.
With regards to male fertility, some cross-sectional
studies have described an association between APS
and male infertility and some case reports have
described testicular thrombosis as a result of APS
followed by orchiectomy, which could affect future
fertility.
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