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Summary. Background: It was hypothesized that low-dose
aspirin could improve implantation rates in subsequent preg-
nancies in women undergoing in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI). Previous studies have
shown inconclusive results or focused on surrogate endpoints.
We therefore conducted a systematic review and meta-analysis
of the literature investigating the effect of low-dose aspirin on
hard outcomes, including live birth rate, pregnancy rate and
miscarriage. Methods: MEDLINE and EMBASE databases
were searched up to November 2011. Randomized controlled
trials comparing low-dose aspirin with placebo/no treatment in
IVF/ICSI women were included. Pooled odds ratios (ORs) and
95%confidence intervals (CIs) were calculated. Results: Sev-
enteen studies with 6403 patients were included. The use of
aspirin did not improve live birth pregnancy rate compared with
placebo or no treatment (1.08; 95% CI, 0.90, 1.29). Pregnancy
rates were significantly increased in patients randomized to low-
dose aspirin (OR, 1.19; 95% CI, 1.01, 1.39), but miscarriage
rates were not (OR, 1.18; 95% CI, 0.82, 1.68). Results of
sensitivity analyses including high-quality studies did not show
statistically significant differences in all considered end-
points. Conclusions: The results of this study do not show a
substantial efficacy of aspirin inwomen undergoing IVF/ICSI
and do not support the use of low-dose aspirin to improve the
success of IVF/ICSI in terms of pregnancy outcomes. Further
high-quality studies evaluating the possible efficacy of aspirin in
selected groups of patients are warranted.
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Introduction

Despite their current popularity, success rates of in vitro
fertilization (IVF)/intracytoplasmic sperm injection (ICSI)
remain low [1]. The clinical pregnancy rate among women
undergoing fresh embryo transfer (ET) after IVF or ICSI varies
from 20% to 35% per transfer [1]. The main factors that affect
the outcome of IVF and ICSI treatments are age, number of
oocytes retrieved, quality of the embryos, number of embryos
transferred, success of embryo transfer and endometrial
receptiveness [2-6].

Suboptimal uterine perfusion has been suggested as a
possible cause of infertility [7]. Impaired uterine blood flow
may reduce endometrial receptivity, resulting in embryo
implantation failure [8,9]. It has been hypothesized that low-
dose aspirin may enhance uterine and ovarian blood flow
and tissue perfusion by decreasing platelet aggregation and
inhibiting vasoconstriction [10,11]. This effect could improve
the results of IVF and ICSI treatments [12,13] by increasing
endometrial receptivity and blastocyst implantation. How-
ever, the evidence supporting the efficacy of low-dose aspirin
in women undergoing IVF is inconsistent. A number of
papers reported a beneficial effect of aspirin, but many others
failed to confirm these findings. Previous randomized
controlled trials (RCTs) and meta-analyses have shown
inconclusive or inconsistent results or were focused on
indirect endpoints such as the implantation rate or the artery
pulsatility index [10-16]. To better explore the role of low-
dose aspirin in this setting, we carried out a systematic review
and meta-analysis of the literature to investigate its effects on
hard outcomes only, including rate of live birth, pregnancy
rate and rate of miscarriage in women undergoing IVF or
ICSIL
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Methods

A protocol was prospectively developed, detailing the specific
objectives, criteria for study selection, approach used to assess
study quality, outcomes and statistical methods. This system-
atic review was performed according to the guidelines for
Quality of Reporting of Meta-analysis (PRISMA) [17].

Study identification

We tried to identify all published studies that evaluated the role
of aspirin in the improvement of live birth and pregnancy rates
and in the reduction of miscarriages in women undergoing IVF
or ICSI, using the MEDLINE (1948 to November 2011, week 3)
and EMBASE (19802011, week 51) electronic databases. The
search strategy was developed without any language restriction
and used the subject headings and key words presented in
Appendix 1. We supplemented our search by manually review-
ing the reference lists of all retrieved articles for additional
published or unpublished trials and by searching the abstracts of
the International Society of Thrombosis and Haemostasis
(ISTH) and of European Society of Human Reproduction and
Embryology Scientific Meetings (ESHRE) (from 2003 to 2011).

Study selection

Study selection was performed independently by two reviewers
(ERe, ERa), with disagreements resolved through discussion
and the opinion of a third reviewer (FD), if necessary. RCTs in
women undergoing IVF or ICSI were included if they met the
following criteria: (i) low-dose aspirin (< 150 mg) was com-
pared either with placebo or no therapy; and (ii) at least one of
the following outcomes was assessed: live birth, pregnancy rate
and miscarriage rate.

Studies not including a control group drawn from the same
population, animal studies, in vitro studies or trials that
exclusively reported other clinical outcomes were excluded. Case
reports, editorials, commentaries, letters, review articles, guide-
lines or secondary prevention trials were also excluded. To assess
the agreement between reviewers for study selection, we used the
kappa (k) statistic, which measures agreement beyond chance
[18]. When multiple papers for a single study had been published,
we decided to use the latest publication and to supplement it, if
necessary, with data from the earlier publications.

Data extraction

Two reviewers (ERa, ERe) independently extracted data on
study (year of publication, design, study centre) and patient
characteristics (number of subjects enrolled, mean or median
age) and on the aforementioned outcomes (pregnancy rate, rate
of live birth and miscarriage).

Study validity assessment

Two unmasked investigators (ERa, ERe) independently
completed the assessment of study validity.

We planned quality assessment by means of Jadad’s scale,
which evaluates the following three study characteristics: method
of randomization, method of blinding and follow-up [19]. To
stratify RCTs, we applied the following cut-offs: a total of three
points or more defined high-quality studies, whereas studies with
two or less points were defined as low-quality studies.

The following additional quality items were also considered
for our assessment: the total number of patients lost to follow-up
(< 5% of patients, more than 20%, or between 5 and 20%); the
use of a commonly accepted definition of clinical pregnancy
(increased levels of urinary or plasma B-HCG confirmed by
ultrasonography (gestational sac and/or fetal cardiac activity));
and the publication of the study in peer-reviewed journals as
opposed to studies only published as an abstract.

Subgroup analyses

We planned a priori a list of subgroup analyses according to the

following characteristics of the study populations:

1 cause of infertility;

2 type of induction protocol (short vs. long term);

3 type of assisted reproduction techniques (IVF, ICSI);

4 time of aspirin introduction and duration of aspirin therapy
(atleast 1 day before ET or after ET, during the entire period
of the pregnancy); and

5 history of ET failure
Type of induction protocol was defined according to recent

guidelines [20] or according to the definition of single studies if

not further specified.

Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated for each outcome. The data were pooled using a
random-effects model (the DerSimionan and Laird method)
[21]. For treatment effects that were statistically significant, we
determined the number needed to treat (NNT). Statistical
heterogeneity was evaluated using the Cochran’s Q and P
statistic, which assesses the appropriateness of pooling the
individual study results [22]. When heterogeneity was present,
we repeated the analysis removing one study at a time to assess
the source of heterogeneity. Presence of publication bias was
explored using funnel plots of effect size against standard error
[23]. The software Review Manager (RevMan, version 5.0.16
for Windows, Oxford, UK; The Cochrane Collaboration,
2008] supported the analysis. Sensitivity analyses including
high-quality studies only were performed.

Results

Study identification and selection

We identified 780 potentially relevant studies from the follow-
ing databases: 569 from EMBASE and 211 from MEDLINE.
We excluded 750 studies after title and abstract screening using
the predefined inclusion and exclusion criteria; the remaining

© 2012 International Society on Thrombosis and Haemostasis



30 studies were retrieved in full for detailed evaluation
[3,11,13,14,24-49]. Agreement between reviewers for study
selection was optimal (K = 0.91). Of the retrieved studies, 16
were excluded for the following reasons: 10 did not match
inclusion criteria [13,24-32], three were editorials or commen-
taries [33-35], and three [11,44,49] reported duplicate data.
Furthermore, 19 abstracts from ISTH and from ESHRE were
found using ‘in vitro fertilization” and ‘intracytoplasmic sperm
injection’ search terms. Sixteen abstracts did not meet inclusion
criteria, leaving only three for inclusion [50-52].

Seventeen studies were therefore included in this systematic
review: 14 were published as full text [3,14,36-43,45-48] and
three [50-52] as abstracts. The study identification and selection
progression is detailed in Fig. 1.

Study characteristics

Baseline characteristics of patients included in the studies are
summarized in Table 1. Study size ranged from 28 [3] to 2425
[47] patients, for a total of 6610 patients. Ten RCTs were
placebo controlled whereas the other seven [3,36-38,40,47,51]
compared low-dose aspirin with no treatment. In six studies,
aspirin was started at least 1 day before the ET, whereas in the
other studies it was started at the time of IVF or ICSI. Aspirin
was maintained until the pregnancy test in four studies
[39,40,42,46], until ultrasound detection of gestational sac
and/or embryonic cardiac activity in three studies [37,45,47],
until the 9—12th week of pregnancy in four studies [3,14,43,50]
and during the entire period of the pregnancy in three studies
[36,41,48], whereas the duration of treatment with aspirin was
not specified in three studies [38,51,52].

Live birth

The effect of low-dose aspirin on rate of live births was
evaluated in six studies for a total of 2600 patients. A live birth
occurred in 330 of 1312 (25.2%) patients randomized to low-

Potentially relevant studies
identified and screened for
retrieval (n = 780)

Potentially relevant
abstracts
identified and screened
for retrieval (n = 19)

Studies excluded after
title and abstract
screening with inclusion
and exclusion
criteria (n = 766)

Studies retrieved for more
detailed evaluation (n = 33)

Studies excluded after
article screening with
inclusion criteria (n = 16)
- Inclusion criteria not met (n = 10)
- Duplicate data (n = 3)
- Editorials or commentaries (n = 3)

Studies included in the
meta-analysis (n=17)

Fig. 1. Selection process.
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dose aspirin and in 306 of 1288 (23.8%) patients randomized to
placebo or no treatment. The use of low-dose aspirin was not
effective in increasing the rate of live birth compared with
placebo or no treatment (OR, 1.08; 95% CI, 0.90, 1.29;
P = 043; P = 0%), Fig. 2A. A funnel plot of OR vs.
standard error appeared asymmetric with an absence of studies
in the right hand corner (Appendix 2a).

Pregnancy rate

The effect of low-dose aspirin on pregnancy rate was evaluated
in 17 studies for a total of 6403 patients. Pregnancy occurred in
1139 of 3506 (32.5%) women randomized to low-dose aspirin
and in 850 of 2897 (29.3%) women randomized to placebo or
no treatment. The use of low-dose aspirin was associated with a
significantly higher pregnancy rate in comparison to placebo or
no treatment (OR, 1.19; 95% CI, 1.01, 1.39; P = 0.03;
P = 29%), Fig. 2B. The absolute increase in pregnancy rates
was estimated at 3.2% with an NNT of 31 (95% CI, 18, 118).
A funnel plot of OR vs. standard error appeared symmetric,
suggesting the absence of publication bias (Appendix 2b).

Miscarriage

The effect of low-dose aspirin on miscarriage was evaluated in
six studies for a total of 904 patients. Miscarriages occurred in
86 of 471 (18.3%) women randomized to low-dose aspirin and
in 67 of 433 (15.5%) randomized to placebo or no treatment.
The use of low-dose aspirin did not result in a statistically
significant higher rate of miscarriage as compared with placebo
or no treatment (OR, 1.18; 95% CI, 0.82, 1.68; P = 0.75;
P = 0%), Fig. 2C. A funnel plot of OR vs. standard error
appeared symmetric, suggesting the absence of publication bias
(Appendix 2c¢).

Study quality and sensitivity analyses

Quality assessment items according to the Jadad scale are
summarized in Table 2. Of the 17 studies included in the
analysis, seven [14,37,39,45,46,48,50] were defined as high
quality, whereas the other 10 [3,36,38,40-43,47,51,52] were
defined as low quality. The total number of patients lost to
follow-up was < 5% in all the included studies.

In the high-quality studies according to the Jadad scale, the
use of low-dose aspirin did not result in any improvement, as
compared with placebo or no treatment, in the rates of live
birth (OR, 091; 95% CI, 0.66, 1.24), pregnancy rates
(OR, 1.13; 95% CI, 0.86, 1.47) or miscarriages (OR 1.12;
95% CI, 0.60, 2.09).

When the analysis was restricted to studies that used a
commonly accepted definition of clinical pregnancy only, the
use of low-dose aspirin was again not associated with any
statistically significant effect on live birth rate (OR, 1.07; 95%
CI, 0.89, 1.28), pregnancy rate (OR, 1.16; 95% CI, 0.97, 1.39)
and miscarriage rate (OR, 1.18; 95% CI, 0.82, 1.68) as
compared with placebo or no treatment. Similar findings were
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obtained when the analysis was restricted to studies published
in peer-reviewed journals only (OR 1.08, 95% CI 0.90, 1.29;
OR 1.15,95% CI1 0.97, 1.36; and OR 1.18, 95% CI 0.82, 1.68,
respectively).

Subgroup analyses

Table 2 reports in detail the studies included in each subgroup,
the total number of patients, and the main results of each
subgroup analysis. We could not perform a subgroup analysis
according to the cause of infertility because, in most studies,
patients with different causes of infertility were included.
However, pregnancy and live birth rates were not significantly

test or the ultrasonographic detection

of embryonic cardiac activity
Started on the first day of gonadotropin

1** day of controlled ovarian stimulation.
stimulation. Pregnant women

Aspirin was continued until
menstruation, a negative pregnancy

continued the medication until

Onset of therapy and continuation
delivery

2w different between treatment groups in a study that only
s g g . . . . .

o 2 included patients with male infertility [37], whereas pregnancy
o S = . . e
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Fig. 2. Pooled odds ratios (ORs) and 95% confidence intervals (Cls) of the association between low-dose aspirin/placebo or no treatment and live birth

(2a), pregnancy rate (2b) and miscarriage (2c).

on an individual patient basis that included six studies for a
total of about 1100 patients failed to find increased pregnancy
rates with the use of low-dose aspirin [53].

Overall, the results of the previous studies, as well as the
results of this meta-analysis, with a more updated search
strategy, with different inclusion and exclusion criteria, and
with the inclusion of twice the number of patients, do not
support the use of low-dose aspirin in general patients
undergoing IVF/ICSI. It may be argued that IVF/ICSI
treatment success rates are likely to be variable according to
several factors, including age, number of previous cycles,
treatment indication and type of protocol. In this study, we
observed that the timing of introduction of low-dose aspirin,
especially when introduced at least 1 day before ET, may

© 2012 International Society on Thrombosis and Haemostasis

contribute to the efficacy of this approach. Similarly, we
observed that the use of aspirin appeared to be potentially more
effective in specific subgroups of patients, such as patients
undergoing IVF and patients with a previous ET failure,
because the observed association seems to be more robust than
in the general study population. Although the results of these
analyses suggest the possibility that, within well-defined target
populations, aspirin may truly be an effective strategy to
improve pregnancy rates, we found no signs of an effect in
terms of miscarriages and life birth rates in these subgroups,
thus making the hypothesis of a true benefit in these specific
populations unlikely.

Potential indications for IVF treatment include: male factor
fertility problems where medical/surgical management and
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Table 2 Sensitivity and subgroup analyses

Patients Number of studies Total patients Endpoint Odds ratios (95% CI)
Sensitivity analyses
High-quality studies (JADAD scale) 3 819 Live birth 0.91 (0.66—-1.24)
7 1621 Pregnancy 1.13 (0.86-1.47)
4 360 Miscarriage 1.12 (0.60-2.09)
Clinical pregnancy diagnosed with pregnancy test and US 12 5970 Pregnancy 1.16 (0.97-1.39)
5 2572 Live birth 1.07 (0.89-1.28)
6 904 Miscarriage 1.18 (0.82-1.68)
All studies without abstracts 14 6011 Pregnancy 1.15 (0.97-1.36)
6 2600 Live birth 1.08 (0.90-1.29)
6 904 Miscarriage 1.18 (0.82-1.68)
Subgroup analyses
Only IVF patients 3 1577 Live birth 1.20 (0.96-1.51)
12 5024 Pregnancy 1.35 (1.11-1.65)
2 506 Miscarriage 1.15 (0.74-1.80)
Aspirin administered at least 1 day before ET 5 1220 Live birth 0.91 (0.70-1.19)
14 4906 Pregnancy 1.21 (1.01-1.44)
5 452 Miscarriage 1.12 (0.65-1.92)
At least one preceding ET failure 2 197 Live birth 1.02 (0.56-1.88)
6 736 Pregnancy 1.47 (0.91-2.37)
1 54 Miscarriage 0.72 (0.19-2.74)
Long induction protocol 4 2379 Live birth 1.09 (0.90-1.32)
11 3546 Pregnancy 1.20 (0.98-1.47)
5 843 Miscarriage 1.13 (0.79-1.62)
Use of Aspirin during the entire period of pregnancy 2 830 Live birth 0.90 (0.65-1.26)
3 866 Pregnancy 0.89 (0.65-1.22)
2 223 Miscarriage 1.01 (0.48-2.11)

intrauterine insemination (IUT) have not resulted in a live birth;
tubal disease where tubal surgery has not resulted in a live birth
or is judged to be inappropriate [54]; and endometriosis where
surgery and IUI have not resulted in a live birth. Younger
maternal age and the possibility to cryopreserve embryos seem
to be determinants of pregnancy after an IVF cycle [55,56].
Unfortunately, in most of the studies included in our systematic
review, the indication for IVF was not clearly described and
women of different ages were included. Furthermore, only one
study reported the use of frozen embryos [36]. Thus, we were
unable to analyze the results according to age, IVF/ICSI
indication and cryopreservation of embryos, and if low-dose
aspirin really is effective in certain subgroups of patients, this
remains to be firmly established.

Our meta-analysis has some potential limitations. First, the
studies included in our meta-analysis had different inclusion
and exclusion criteria. However, the heterogeneity among the
studies, calculated using the P statistic, was generally low.
Furthermore, to partially overcome the existence of clinical
heterogeneity among the studies, we decided to pool the results
of original studies using the random effect model, an approach
that takes into account the potential sources of heterogeneity
among the studies. Second, as already discussed above, due to
the limitation of a meta-analytic approach we were unable to
conclusively explore the possible effects of aspirin in some
subgroups of patients.

However, as low-dose aspirin is widely used in clinical
practice in assisted conception clinics despite a lack of evidence,
the aim of our MA was to assess the evidence sustaining this
approach in general patients undergoing assisted reproduction.

Furthermore, with a series of hypothesis-generating subgroup
analyses, we explored the possibility of a different efficacy of
low-dose aspirin in many subgroups of patients according to
baseline characteristics, differences in aspirin therapy and types
of induction protocol and of assisted reproduction techniques.
Unfortunately, to date, notwithstanding the amount of
original literature on this topic, only a few studies have
properly addressed the efficacy of low-dose aspirin in other
subgroups, preventing an adequate evaluation in this meta-
analysis.

Finally, because it is recognized that publication bias can
affect the results of meta-analyses, we attempted to assess this
potential bias using a funnel plot. However, funnel plots
appeared symmetric, suggesting the absence of publication bias
in the analysis that considered pregnancy and miscarriage rates.
In the funnel plot analysis that evaluated differences in live
births in patients randomized to low-dose aspirin or placebo/no
treatment we observed asymmetry, with an absence of studies
in the right corner of the plot. This suggests that unpublished
studies likely to demonstrate an efficacy of low-dose aspirin in
increasing the rate of live birth were probably not included in
our meta-analysis. However, inclusion of these studies and
elimination of this bias, if it really existed, would not
significantly affect our results.

In conclusion, our results do not support the use of low-dose
aspirin in improving the success of IVF/ICSI in terms of
pregnancy outcomes. Studies aimed at evaluating the possible
effect of aspirin on rate of pregnancy or live births in well-
defined settings of patients (with a defined infertility diagnosis,
definite induction protocol or definite age) are warranted.

© 2012 International Society on Thrombosis and Haemostasis
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Appendix 1

Database: Ovid MEDLINE(R) <1948 to November Week 3
2011 >
Search Strategy:
1 Embryo Implantation/(8365)
2 Fertilization in vitro/(22994)
3 Embryo Transfer/(11538)
4 Ovulation Induction/(8100)
5 Sperm Injections, Intracytoplasmic/(3817)
6 Heparin, Low-Molecular-Weight/(6181)
7 Heparin/(46857)
8 Anticoagulants/(46963)
9 Aspirin/(35572)
10 Platelet Aggregation Inhibitors/(22908)
11 6 or7or 8 or9 or 10 (131341)
12 1 or 2 or 3 or 4 or 5 (40560)
13 11 and 12 (211)
14 from 13 keep 1-211 (211)
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