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ABSTRACT
Objective: To investigate the effect of aspirin on IVF success rates
when used as an adjuvant treatment for endometrial preparation.
Data Sources: Relevant publications were comprehensively selected
from PubMed, MEDLINE, Embase, and the Cochrane Central
Register of Controlled Trials (CENTRAL) up to November 15, 2020.
Study Selection: Randomized controlled trials (RCTs) and
retrospective cohort studies that used aspirin as an
adjuvant treatment for endometrial preparation and reported
subsequent pregnancy outcomes were included. Studies were
excluded if aspirin was used before and/or during ovarian
stimulation.
Data Extraction and Synthesis: This systematic review and metaanalysis included a total of 7 studies. Risk of bias assessment was
based on the methodology and categories listed in the Cochrane
Handbook for the RCTs and the Newcastle-Ottawa scale for the
retrospective studies. The primary outcome was live birth rate.
Summary measures were reported as odds ratios (ORs) with 95%
conﬁdence intervals (CIs). There was signiﬁcant evidence that
aspirin for endometrial preparation improved live birth rates (OR
1.52; 95% CI 1.15−2.00). No effect was noted for clinical
pregnancy rates (OR 1.37; 95% CI 1.00−1.87); however, aspirin
was associated with improved pregnancy rates in a subgroup
analysis of patients receiving oocyte donation (OR 2.53; 95% CI
1.30−4.92) and in the sensitivity analysis (OR 1.3; 95% CI 1.02
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−1.66). No effect of aspirin was found for implantation or
miscarriage rates (OR 1.31; 95% CI 0.51−3.36 and OR 0.41; 95%
CI 0.02−7.42, respectively).
Conclusion: These ﬁndings support a beneﬁcial effect of aspirin for
endometrial preparation on IVF success rates, mainly live birth
rates, outside the context of ovarian stimulation. However, this
evidence is based on poor quality data and needs to be conﬁrmed
with high-quality RCTs.
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aspirin initiated after oocyte retrieval. Thus, in this study,
we performed a systematic review and meta-analysis to
evaluate the ability of aspirin to improve fertility outcomes
of IVF when used exclusively as an adjuvant treatment for
endometrial preparation.
METHODS
Data Sources and Search Strategy

No approval from an institutional review board was
needed for this study because it is a systematic review and
meta-analysis with no patient recruitment. We retrieved the
literature without any patient interventions.

https://doi.org/10.1016/j.jogc.2021.03.018

INTRODUCTION

he probability of achieving pregnancy after in vitro fertilization (IVF) has 2 main determinants: an embryo
with an implantation potential and a receptive endometrium.1
The majority of women reach embryo transfer; however,
pregnancy rates only range between 29.3% for embryos at
day 3 and 44% for blastocysts at day 5.2 Given the signiﬁcant
risk of miscarriage after a positive pregnancy test, the vast
majority of embryos transferred into the uterine cavity fail to
result in a viable pregnancy. Thus, different therapeutic
modalities known as adjuvant treatments have been proposed to improve the success of IVF.

T

Aspirin is a medication used to reduce inﬂammation and
prevent clotting by suppressing the production of thromboxane A2 (TXA2) and prostaglandins (PGs), mainly prostacyclin (PGI2) and PGE2.3,4 A Cochrane review including
13 randomized controlled trials (RCTs) published in 2016
found that use of aspirin did not improve pregnancy and
live birth rates.5 Another meta-analysis of 13 RCTs published in 2017 reached a similar conclusion.6 Multiple studies evaluating the effect of aspirin on ovarian stimulation
outcomes showed that aspirin has a negative impact on
oocyte and embryo quality.7,8 However, the effect of aspirin on the endometrium seems to be favourable, as demonstrated by signiﬁcantly decreased resistance of endometrial
and uterine artery blood ﬂow in patients with recurrent
pregnancy loss.9,10
The aim of our review is to evaluate the possible beneﬁts
of using aspirin exclusively for endometrial preparation,
while eliminating its possible negative effects on the
oocyte/embryo. This can be determined by analyzing
reports on aspirin used (1) by recipients of oocyte donation, (2) for frozen embryo transfer (FET), and (3) in fresh
embryo transfer (ET) in stimulated IVF (sIVF) cycles with
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All published reports describing the use of aspirin for women
undergoing embryo transfer were obtained by searching the
Cochrane Central Register of Controlled Trials (CENTRAL),
PubMed, MEDLINE, and Embase from database inception
to November 15, 2020, without language restrictions. The
search terms used were the following: ''IVF'' or ''ICSI'' or
''ET'' or ''intracytoplasmic sperm injection'' or ''in vitro fertilisation'' or ''in vitro fertilization'' or ''Embryo Transfer'',
and ''aspirin'' or ''acetyl salicylic acid'' or ''acetylsalicylic'' or
''low dose aspirin''. Moreover, the reference list in every
retrieved study was manually searched to identify potentially
eligible publications. The study protocol was registered with
PROSPERO: International Prospective Register of Systematic Reviews (CRD42020218724). The systematic review was
conducted and reported in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.
Eligibility Criteria

RCTs and retrospective cohort studies were included. The
study population consisted of women undergoing embryo
transfer after IVF for oocyte donation, FET, and fresh ET
in sIVF. Low-dose aspirin (<150 mg) use was compared to
placebo or no treatment. Studies were excluded if aspirin
was used before or during ovarian stimulation.
Data Collection

All collected reports were evaluated for eligibility and data
abstraction by 2 independent investigators (A.M. and O.
A.), and discrepancies were settled by consensus. For each
study, the following data were extracted: ﬁrst author’s
name and year of publication; country; patients included
(aspirin and control); inclusion criteria; study design; aspirin dose; and day of aspirin initiation.
Statistical Analysis

All results were merged for meta-analysis using Review
Manager Version 5.3 software. For the clinical pregnancy
and live birth rate, the generic inverse variance statistical

Aspirin for Endometrial Preparation in Patients Undergoing IVF: A Systematic Review and Meta-?analysis

method was used. Odds ratios (ORs) and 95% conﬁdence intervals (CIs) were either calculated or retrieved
from the reviewed article if no calculation was possible.
Adjusted ORs with 95% CIs for clinical pregnancy and
live birth rates were speciﬁed in 1 retrospective study11
and thus used in the statistical analysis. Otherwise, for
the implantation rate, the Mantel-Haenszel randomeffects model dichotomous outcomes were summarized
by calculating the OR and 95% CI. The number of participants in low-dose aspirin and control groups was
entered in all forest plots. A random effect analysis
model was used because different populations were
included (recipients of oocyte donation, FET, and fresh
ET in sIVF).
Assessment of Risk of Bias

The risk of bias of all included studies was assessed independently (by A.M. and O.A.). Disagreements were
resolved by discussion. Description of risk-of-bias categories and study design−speciﬁc assessment criteria for
RCTs was assessed using the Cochrane Risk of Bias assessment tool.12 For retrospective studies, the NewcastleOttawa scale was used to evaluate methodological quality.13
A score ≥6 stars was considered high quality.

treatment (n = 4).26−29 Therefore, 7 studies were included
in this meta-analysis, involving a total of 15 417 women
(Figure 1, online Appendix).11,30−35 The studies were published between 1997 and 2019 and written in English. The
characteristics of the included studies are listed in the
Table.
Risk of Bias in Included Studies
Randomized Trials

The process of randomization was adequate in 4 trials.
Risk of selection bias owing to allocation concealment
was detected in 4 reports. Only 2 studies were blinded
for both patients and providers. Incomplete outcome
reporting was noted in 2 trials. Outcomes stated in the
materials and methods were reported in all RCTs except
for 1 trial, in which the risk was deemed unclear. Finally,
inclusion and exclusion criteria were clearly described
and the treatment and control groups were comparable
in 1 study, whereas the remaining reports provided insufﬁcient details.
Assessment of risk of bias for the RCTs is summarized in
Figures 2 and 3 (online Appendix).

Assessment of Heterogeneity

Retrospective Studies

Statistical heterogeneity in the results of different studies
was examined by inspecting the data points and CI overlap
in the forest plot and statistically by checking the results of
the chi-square test for heterogeneity, with P < 0.1 indicating signiﬁcant heterogeneity, and the I2 statistic.

The deﬁnition and representativeness of cases, the deﬁnition of controls, the ascertainment of exposure, and the
similarity between methods used for cases and controls
were clear in both retrospective studies. The non-response
rate in both studies was not clearly stated, and in 1
report,32 there was no adjustment for possible confounding factors for all outcomes (Table, online Appendix).

Subgroup Analysis and Investigation of
Heterogeneity

Subgroup analysis was performed if 2 or more studies
within the following subgroups were identiﬁed: recipients
of oocyte donation, FET, fresh ET in sIVF, RCTs, and retrospective studies. If heterogeneity was signiﬁcant, it was
evaluated by performing preplanned subgroup analysis
and by conducting a sensitivity analysis. An I2 value above
50% was considered the cut off for further investigation.
RESULTS

Effect of Aspirin Use
Clinical Pregnancy Rate

Seven studies reporting clinical pregnancy rate as an outcome were included, with a total of 15 417 participants.
The pooled analysis demonstrated that low-dose aspirin
use did not improve the clinical pregnancy rate compared
with placebo or no treatment, despite a trend in favour of
using aspirin (OR 1.37; 95% CI 1.00−1.87; I2 = 48%)
(Figure 1A).

Characteristics of Included Studies

The search retrieved 1478 articles. After removing duplicates, 956 articles remained. A total of 932 studies were
excluded on the basis of title and abstract, and 24 articles
were assessed fully for eligibility. A total of 17 studies were
excluded for the following reasons: initiation of aspirin
before or during ovarian stimulation (n= 12)7,14−24; the
dose of aspirin used was >150 mg (n = 1)25; and the
absence of a control group that did not receive aspirin

In the subgroup analysis for recipients of oocyte donation,
the clinical pregnancy rate improved signiﬁcantly with the
use of aspirin compared to control (OR 2.53; 95% CI 1.30
−4.92), with no heterogeneity between studies (I2 = 0%)
(Figure 1B). However, no difference was noted between
arms in terms of clinical pregnancy rate for the subgroups
of FET, fresh ET in sIVF, RCTs, and retrospective studies
([OR 0.99; 95% CI 0.08−12.50, I2 = 82%], [OR 1.11; 95%
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CI 0.66−1.86, I2 = 38%], [OR 1.25; 95% CI 0.65−2.40,
I2 = 55%], and [OR 1.58; 95% CI 0.88−2.83, I2 = 60%],
respectively) (Figure 1C, D, E, and F). Finally, sensitivity
analysis by excluding the studies at risk of bias30,32 showed
a signiﬁcant increase in the clinical pregnancy rate (OR 1.3;
95% CI 1.02−1.66), with heterogeneity between studies
becoming non-signiﬁcant (I2 = 28%; P = 0.23; Figure 1G).

FET

IVF, ET

Oocyte donation recipients

Fresh ET on day 3

Fresh ET on day 3

Recipients of oocyte donation

FET, previous 1 failed fresh ET

Inclusion criteria
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At the time of endometrial preparation
100 mg/d
30/30
RCT
Iran
Madani et al. 2019

33

ET: embryo transfer; FET: frozen embryo transfer; IVF: in vitro fertilization, OPU: ovum pick-up; RCT: randomized controlled trial; RS: retrospective study.

From the day of OPU

During recipients’ cycle preparation
81 mg/d

100 mg/d

80/380

431/12 941
RS
Australia

RS
Frattarelli et al. 2006

Shirlow et al. 201711

32

United States

From the day of ET
41/40

From the day of ET
75 mg/d

100 mg/d

703/677

Turkey

RCT

Sweden

Duvan et al. 200631

Weckstein et al. 1997

Check et al. 199830

€m et al. 200434
Waldenstro

RCT

From cycle day 2
81 mg/d
18/18
RCT

1 wk before endometrial preparation
81 mg/d
15/13
RCT

United States

United States

Aspirin dose
Patients (no.), aspirin/control
Design
Country

35

Author and year

Table. The characteristics of included studies

Starting day

Live Birth Rate

Five studies reporting live birth rate as an outcome
were included, with a total of 15 300 participants.
Pooled analysis demonstrated that low-dose aspirin use
improved the live birth rate compared with placebo or
no treatment (OR 1.52; 95% CI 1.15−2.00), with
acceptable heterogeneity between studies (I2 = 37%;
P = 0.17; Figure 2A).
In the subgroups of recipients of oocyte donation and retrospective studies, the live birth rate improved signiﬁcantly
with the use of aspirin compared to control (OR 1.85 [95%
CI 1.09−3.12] and OR 1.56 [95% CI 1.19−2.04], respectively), with no heterogeneity between studies (I2 = 0%;
Figure 2B and D). However, in the subgroup of RCTs, no
difference was noted for live birth rate, with high heterogeneity (OR 2.04; 95% CI 0.78−5.34, I2 = 60%). Finally, the sensitivity analysis excluding the study at risk of bias32 showed a
signiﬁcant increase in the clinical pregnancy rate (OR 1.48;
95% CI 1.06−2.06, I2 = 45%; Figure 2E).
Implantation Rate

Four studies reporting implantation rate as an outcome
were included. Pooled analysis demonstrated that low-dose
aspirin use did not improve the implantation rate in the
aspirin group compared to placebo or no treatment (OR
1.31; 95% CI 0.51−3.36), with substantial heterogeneity
between studies (I2 = 71%; P = 0.02; Figure 3A).
In the subgroup analysis for FET, the implantation rate
did not improve with the use of aspirin compared to
control (OR 0.92; 95% CI 0.08−10.25), given considerable heterogeneity between studies (I2 = 85%; P = 0.01;
Figure 3B). The sensitivity analysis excluding the study
at risk of bias30 did not show a signiﬁcant difference in
the implantation rate (OR 1.83; 95% CI 0.77−4.36;
I2 = 64%; Figure 3C).
Miscarriage Rate

Two studies reporting the miscarriage rate were included in
the analysis. No signiﬁcant difference was noted between
the arms (OR 0.41; 95% CI 0.02−7.42; I2 = 70%; Figure 4,
online Appendix).

Aspirin for Endometrial Preparation in Patients Undergoing IVF: A Systematic Review and Meta-?analysis

Figure 1. Forest plot of comparison: Low dose aspirin versus placebo or no treatment, outcome: a. clinical pregnancy
rate, b. clinical pregnancy rate for recipients of oocyte donation subgroup, c. clinical pregnancy rate for FET subgroup, d.
clinical pregnancy rate for Fresh ET in sIVF subgroup, e. clinical pregnancy rate: RCTs, f. clinical pregnancy rate:
Retrospective studies, g. clinical pregnancy rate: Sensitivity analysis.
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Figure 1. Continued

DISCUSSION

This review included 7 studies that assessed the use of
low-dose aspirin exclusively for endometrial preparation
in women undergoing embryo transfer. We found signiﬁcant evidence that aspirin can improve live birth
rates when used for endometrial preparation. These
results can be explained by the pharmacological properties of aspirin. The main role of aspirin stems from the
irreversible inhibition of cyclooxygenase, which reduces
the activity of TXA2 and PGs.3 This function leads to
a decrease in vascular tone by preventing vasoconstriction, and thus it can improve tissue perfusion, including
uterine blood ﬂow velocity.36 A lower dose of aspirin
seemed to be more effective than higher doses, which
can be explained by the fact that low doses yield a better TXA2/PGI2 ratio and hence lead to a greater
reduction in vascular resistance and better perfusion.37
The effect of aspirin on endometrial receptivity was
investigated at the molecular level in female mice; aspirin signiﬁcantly increased the expression of cell adhesion molecules, such as integrins and leukemia
inhibitory factor, which may explain the enhanced
receptivity.38
An optimal state of balance between proinﬂammatory and
anti-inﬂammatory factors plays an essential role in implantation.39 Aspirin, with its anti-inﬂammatory proprieties,
might be able to counteract and modulate excessive inﬂammation by inhibiting chronically upregulated inﬂammatory
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pathways.40 Aspirin has been shown to decrease the
inﬂammatory marker high-sensitivity C-reactive protein,41
which is associated with lower IVF success rates.42
The number of studies included in this review was limited,
and most were at risk of bias. Furthermore, the number of
patients included in the analyzed reports differed signiﬁcantly
across subgroups. More participants were included in retrospective studies than in RCTs, which might be a limiting factor. Moreover, the heterogeneity among studies in terms of
inclusion criteria (oocyte donation, FET, and fresh ET in
sIVF) and the use of different doses of aspirin are essential
limiting factors. However, we tried to address these limitations
by conducting subgroup and sensitivity analyses.
The quality of evidence ranges between low and moderate,
which can limit the interpretation of the results. Regarding
prevention of risk of bias, one strength of this review was
the assessment of reports by 2 independent investigators.
Nevertheless, a limiting factor was the inclusion of retrospective studies. However, the risk of bias was evaluated
for both RCTs and retrospective studies using appropriate
assessment tools, and a subgroup analysis for RCTs and
retrospective studies was conducted. Finally, to the best of
our knowledge, this is the ﬁrst meta-analysis to date to
investigate this speciﬁc method of aspirin use, which can
change practice in fertility treatments by favouring aspirin
exclusively for endometrial preparation. This meta-analysis
highlights the need for more high-quality RCTs to examine
this area of interest in IVF.

Aspirin for Endometrial Preparation in Patients Undergoing IVF: A Systematic Review and Meta-?analysis

Figure 2. Forest plot of comparison: Low dose aspirin versus placebo or no treatment, outcome: a. live birth rate, b. live
birth rate for recipients of oocyte donation subgroup, c. live birth rate: RCTs, d. live birth rate: Retrospective studies, e. live
birth rate: Sensitivity analysis.
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Figure 3. Forest plot of comparison: Low dose aspirin versus placebo or no treatment, outcome: a. implantation rate, b.
implantation rate for FET subgroup, c. implantation rate: Sensitivity analysis.

CONCLUSION

Aspirin use exclusively for endometrial preparation without
interference in ovarian stimulation seems to be beneﬁcial
for pregnancy outcomes. However, this conclusion is based
on low-quality studies and needs high-quality, properly
designed, adequately powered RCTs to be conﬁrmed.

REFERENCES
1. Perrier d’Hauterive S. L’implantation : Premier dialogue entre la mere et
l’embryon [Implantation: First dialogue between mother and embryo]. J
Gynecol Obstet Biol Reprod (Paris) 2004;33:5–8. [in French].
2. Kaur P, Swarankar ML, Maheshwari M, et al. A comparative study between
cleavage stage embryo transfer at day 3 and blastocyst stage transfer at day 5
in in-vitro fertilization/intra-cytoplasmic sperm injection on clinical
pregnancy rates. J Hum Reprod Sci 2014;7:194–7.
3. Vane JR, Botting RM. The mechanism of action of aspirin. Thromb Res
2003;110:255–8.

8



000 JOGC 000 2021

4. Warner TD, Nylander S, Whatling C. Anti-platelet therapy: Cyclo-oxygenase
inhibition and the use of aspirin with particular regard to dual anti-platelet
therapy. Br J Clin Pharmacol 2011;72:619–33.
5. Siristatidis CS, Basios G, Pergialiotis V, et al. Aspirin for in vitro fertilisation.
Cochrane Database Syst Rev 2016;11:CD004832.
6. Wang L, Huang X, Li X, et al. Efﬁcacy evaluation of low-dose aspirin in
IVF/ICSI patients evidence from 13 RCTs: A systematic review and metaanalysis. Medicine (Baltimore) 2017;96:e7720.
7. Gizzo S, Capuzzo D, Zicchina C, et al. Could empirical low-dose-aspirin
administration during IVF cycle affect both the oocytes and embryos
quality via COX 1-2 activity inhibition? J Assist Reprod Genet
2014;31:261–8.
8. Namavar Jahromi B, Zolghadri J, Rahmani E, et al. Effect of low-dose
aspirin on the development of ovarian hyperstimulation syndrome and
outcomes of assisted reproductive techniques in the women with PCOS, a
randomized double-blinded clinical trial. Taiwan J Obstet Gynecol
2019;58:255–60.
9. Mesdaghinia E, Mohammad-Ebrahimi B, Foroozanfard F, et al. The effect
of vitamin e and aspirin on the uterine artery blood ﬂow in women with
recurrent abortion: A single-blind randomized controlled trial. Int J Reprod
Biomed 2017;15:635–40.

Aspirin for Endometrial Preparation in Patients Undergoing IVF: A Systematic Review and Meta-?analysis

10. Wang T, Kang X, Zhao A, et al. Low-dose aspirin improves endometrial
receptivity in the midluteal phase in unexplained recurrent pregnancy loss.
Int J Gynaecol Obstet 2020;150:77–82.
11. Shirlow R, Healey M, Volovsky M, et al. The effects of adjuvant therapies
on embryo transfer success. J Reprod Infertil 2017;18:368–78.
12. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration's
tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928.
13. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol 2010;25:603–5.
14. Bordes A, Damon BV, Hadj S, et al. Does aspirin improve IVF results? In
Human reproduction. Oxford: Oxford University Press; 2003.
15. Dirckx K, Cabri P, Merien A, et al. Does low-dose aspirin improve
pregnancy rate in IVF/ICSI? A randomized double-blind placebo
controlled trial. Hum Reprod 2009;24:856–60.

27. Kuo HC, Hsu CC, Wang ST, et al. Aspirin improves uterine blood ﬂow in
the peri-implantation period. J Formos Med Assoc 1997;96:253–7.
28. Sher G, Matzner W, Feinman M, et al. The selective use of heparin/aspirin
therapy, alone or in combination with intravenous immunoglobulin G, in
the management of antiphospholipid antibody-positive women undergoing
in vitro fertilization. Am J Reprod Immunol 1998;40:74–82.
29. Villani M, Dentali F, Colaizzo D, et al. Pregnancy-related venous
thrombosis: comparison between spontaneous and ART conception in an
Italian cohort. BMJ Open 2015;5:e008213.
30. Check JH, Dietterich C, Lurie D, et al. A matched study to determine
whether low-dose aspirin without heparin improves pregnancy rates
following frozen embryo transfer and/or affects endometrial sonographic
parameters. J Assist Reprod Genet 1998;15:579–82.
31. Duvan CI, Ozmen B, Satiroglu H, et al. Does addition of low-dose aspirin and/
or steroid as a standard treatment in nonselected intracytoplasmic sperm
injection cycles improve in vitro fertilization success? A randomized,
prospective, placebo-controlled study. J Assist Reprod Genet 2006;23:15–21.

16. Haapsamo M, Martikainen H, Tinkanen H, et al. Low-dose aspirin therapy
and hypertensive pregnancy complications in unselected IVF and ICSI
patients: A randomized, placebo-controlled, double-blind study. Hum
Reprod 2010;25:2972–7.

32. Frattarelli JL, Miller BT, Scott RT Jr.. Adjuvant therapy enhances
endometrial receptivity in patients undergoing assisted reproduction.
Reprod Biomed Online 2006;12:722–9.

17. Lok IH, Yip SK, Cheung LP, et al. Adjuvant low-dose aspirin therapy in
poor responders undergoing in vitro fertilization: A prospective,
randomized, double-blind, placebo-controlled trial. Fertil Steril
2004;81:556–61.

33. Madani T, Ahmadi F, Jahangiri N, et al. Does low-dose aspirin improve
pregnancy rate in women undergoing frozen-thawed embryo transfer cycle?
A pilot double-blind, randomized placebo-controlled trial. J Obstet
Gynaecol Res 2019;45:156–63.

18. Lambers MJ, Hoozemans DA, Schats R, et al. Low-dose aspirin in nontubal IVF patients with previous failed conception: A prospective
randomized double-blind placebo-controlled trial. Fertil Steril 2009;92:923–
9.

34. Waldenstr€om U, Hellberg D, Nilsson S. Low-dose aspirin in a short regimen
as standard treatment in in vitro fertilization: a randomized, prospective
study. Fertil Steril 2004;81:1560–4.

19. Lentini G, Falcone P, Guidetti R, et al. Effects of low-dose aspirin on
oocyte quality, fertilization rate, implantation and pregnancy rates in
unselected patients undergoing IVF. Human reproduction. Oxford: Oxford
University Press; 2003.
20. Moini A, Zafarani F, Haddadian S, et al. Effect of low-dose aspirin therapy
on implantation rate in women undergoing in-vitro fertilization cycles.
Saudi Med J 2007;28:732–6.
21. P€akkil€a M, R€as€anen J, Heinonen S, et al. Low-dose aspirin does not
improve ovarian responsiveness or pregnancy rate in IVF and ICSI patients:
a randomized, placebo-controlled double-blind study. Hum Reprod
2005;20:2211–4.
22. Urman B, Mercan R, Alatas C, et al. Low-dose aspirin does not increase
implantation rates in patients undergoing intracytoplasmic sperm injection:
a prospective randomized study. J Assist Reprod Genet 2000;17:586–90.
23. Varnagy A, B
odis J, Manfai Z, et al. Low-dose aspirin therapy to prevent
ovarian hyperstimulation syndrome. Fertil Steril 2010;93:2281–4.
24. Lee ES, Lee SH. The efﬁcacy of low-dose aspirin therapy for controlled
ovarian hyperstimulation in IVF-ET. Korean J Fertil Steril 2001;28:225–34.
25. Wada I, Hsu CC, Williams G, et al. The beneﬁts of low-dose aspirin therapy
in women with impaired uterine perfusion during assisted conception. Hum
Reprod 1994;9:1954–7.
26. Geva E, Amit A, Lerner-Geva L, et al. Prednisone and aspirin
improve pregnancy rate in patients with reproductive failure and
autoimmune antibodies: a prospective study. Am J Reprod Immunol
2000;43:36–40.

35. Weckstein LN, Jacobson A, Galen D, et al. Low-dose aspirin for oocyte
donation recipients with a thin endometrium: prospective, randomized
study. Fertil Steril 1997;68:927–30.
36. Rubinstein M, Marazzi A, Polak de Fried E. Low-dose aspirin treatment
improves ovarian responsiveness, uterine and ovarian blood ﬂow velocity,
implantation, and pregnancy rates in patients undergoing in vitro
fertilization: a prospective, randomized, double-blind placebo-controlled
assay. Fertil Steril 1999;71:825–9.
37. Ozturk O, Greaves M, Templeton A. Aspirin dilemma. Remodelling the
hypothesis from a fertility perspective. Hum Reprod 2002;17:1146–8.
38. Zhao M, Chang C, Liu Z, et al. Treatment with low-dose aspirin increased
the level lif and integrin b3 expression in mice during the implantation
window. Placenta 2010;31:1101–5.
39. Mor G, Cardenas I, Abrahams V, et al. Inﬂammation and pregnancy: the
role of the immune system at the implantation site. Ann N Y Acad Sci
2011;1221:80–7.
40. Anderson GD, Hauser SD, McGarity KL, et al. Selective inhibition of
cyclooxygenase (COX)-2 reverses inﬂammation and expression of COX-2
and interleukin 6 in rat adjuvant arthritis. J Clin Invest 1996;97:2672–9.
41. Sjaarda LA, Radin RG, Silver RM, et al. Preconception low-dose aspirin
restores diminished pregnancy and live birth rates in women with low-grade
inﬂammation: a secondary analysis of a randomized trial. J Clin Endocrinol
Metab 2017;102:1495–504.
42. Levin I, Gamzu R, Mashiach R, et al. Higher C-reactive protein levels
during IVF stimulation are associated with ART failure. J Reprod Immunol
2007;75:141–4.

000 JOGC 000 2021



9

REVIEW  REVUE

Supplemental Table. Newcastle-Ottawa scale risk of bias summary: review authors' judgments about each risk of bias
item for each included study
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Supplemental Figure 1. Study ﬂow diagram.
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Supplemental Figure 2. Risk of bias graph for randomized controlled trials. Review authors' judgments about each risk of
bias item presented as percentages across all included studies.

Supplemental Figure 3. Risk of bias summary of the randomized controlled trials. Review authors' judgments about each
risk of bias item for each included study.

Supplemental Figure 4. Forest plot comparison: low dose aspirin versus placebo or no treatment. Outcome: miscarriage rate.
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