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Background

Low-dose aspirin is one of the widely used adjuvants in assisted reproductive technologies with the hope of improving the live birth rate. However, the studies regarding its effects are conflicting. The study aimed to investigate the association between aspirin administration and live birth following frozen-thawed embryo transfer (FET) in patients with different body mass index (BMI).





Methods

A retrospective cohort study was performed on 11,993 patients receiving FET treatments. 644 of which received a low-dose aspirin (100 mg/day) during endometrial preparation until 10 weeks after transfer. Propensity score matching was performed to avoid selection biases and potential confounders.





Results

The clinical pregnancy rate and live birth rate were similar before matching (54.4% versus 55.4%, RR: 1.02, 95%CI: 0.95-1.09, and 46.3 versus 47.8, RR: 1.03, 95%CI: 0.95-1.12 respectively). A weak association in favor of aspirin administration was found in the matched cohort (49.5% versus 55.4%, RR: 1.12, 95%CI: 1.01-1.24, and 41.9% versus 47.8%, RR: 1.14, 95%CI: 1.01-1.29 respectively). However, when stratified the patients with WHO BMI criteria, a significant increase in live birth rate associated with aspirin treatment was found only in patients with low BMI (<18.5 kg/m2) in either unmatched (46.4% versus 59.8%, RR:1.29, 95%CI:1.07-1.55) or matched cohort (44% versus 59.8%, RR: 1.36, 95%CI: 1.01-1.83) but not in patients with higher BMI categories. With the interaction analysis, less association between aspirin and live birth appeared in patients with normal BMI (Ratio of OR:0.49, 95%CI: 0.29-0.81) and high BMI (Ratio of OR:0.57, 95%CI: 0.27-1.2) compared with patients with low BMI.





Conclusion

BMI may be considered when evaluating aspirin’s effect in FET cycles.
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Introduction

Assisted reproductive technologies (ART) provide a practical option for infertility treatment, but they are still expensive, complex, and fraught with risk of failure (1). To improve live birth rates, many adjuvants and add-ons have been introduced to ART and infertility treatments, though their effectiveness is largely unknown (2). Among these adjuvants, low-dose aspirin is widely used (2). Aspirin is an irreversible inhibitor of cyclo‐oxygenases (COX) 1 and 2 and exerts its effects as an anti-inflammatory, analgesic, and antipyretic medication. The postulated benefits of aspirin as an adjuvant of ART treatment may include improvement in uterine and ovarian blood flow, and inhibiting thromboxane synthesis via inhibition of platelet cyclo-oxygenase, thus preventing thrombosis in the placental vasculature (3). Thromboembolic history or thrombophilia is also a possible etiology for implantation failure (4). Therefore, aspirin might benefit the ART patients with thrombophilia risks.

However, the studies regarding the effect of aspirin in unselected patients are conflicting. Some previous studies showed aspirin might have no substantial effect on improving pregnancy and live birth rates in women undergoing IVF/ICSI (5) or frozen-thawed embryo transfer (FET) (6, 7). However, results from 13 RCTs indicate that aspirin at a dose of 100mg/day may increase the success rate of IVF/ICSI treatment (8). A meta-analysis by Mourad et al. suggested that there was significant evidence that aspirin for endometrial preparation improved live birth rates (9).

On the other hand, some real-world observations which may include larger sample size and wider patient variability support the role of aspirin in improving live birth rates (10–12). Some inconsistencies may lie in the difference in inclusion criteria, the low quality of evidence, and the limited number of available studies. It suggests that the selection bias or patients` characteristics might play a role.

Body Mass Index (BMI) is an important factor to be considered in ART treatment planning and prognosis evaluation. Extreme BMIs may affect ovarian response to gonadotropin stimulation and embryo implantation (13–17). The effect of Aspirin is also affected by BMI in the field other than infertility treatment. High BMI may impair aspirin responsiveness and affect its effect on thrombosis (18) as well as make aspirin more effective in preventing colorectal adenoma (19). However, it is still not clear whether the role of aspirin in ART treatments is similarly affected by BMI. We hypothesize that BMI may be an effect modifier as it did in thrombosis prevention. The present study aims to investigate the association between aspirin and live birth following FET in a patient cohort of different BMI categories. At the same time, live birth outcomes and the interaction between BMI and aspirin have been evaluated.





Materials and methods




Study subjects

A retrospective study was conducted on patients who underwent FET treatments in the Center for Reproductive Medicine of the Affiliated Chenggong Hospital of Xiamen University from January 2013 to December 2020. The ethics committee of Xiamen University Medical School gave the retrospective study Institutional Review Board approval. Informed consent was not necessary because the study was carried out with anonymous records that the ethical committee had approved. The BMI classification criteria complied with the worldwide categories of the World Health Organization (WHO) (20). Exclusion criteria were patients in combination use of other adjuvants (n=2915) or the use of prednisone (n=136). The patients with a history of intrauterine adhesion (n=416) were also excluded due to potential confounding.





Laboratory protocol and endometrial preparation

IVF and ICSI were performed with the routine protocol in our center (21). Vitrification was used for embryo cryopreservation (22), and embryo thawing was carried out using the corresponding thawing kit.

The embryos were transferred either at the cleavage stage (D3) or blastocyst stage (D5 or D6). For cleavage stage embryos, good quality embryos were defined as Grade 1 and 2 cleavage stage embryos according to the Istanbul consensus (23). For blastocysts, good quality embryos were those with ≧BB Gardener score (24) and poor quality embryos were those with C score for either inner cell mass or trophectoderm. However, CC blastocysts were not considered for ET.

The endometrial preparation methods included the natural cycle (NC), modified natural cycle (mNC), hormone replacement therapy (HRT), and the HRT with gonadotropin-releasing hormone agonist (GnRHa) downregulation. In NC cycles, transvaginal ultrasonography was used to track follicle growth from cycle days 9 to 11. Luteinizing hormone (LH) and estradiol levels were checked every three days once the leading follicle’s diameter reached 14 mm. FET was scheduled for the third day and frozen-thawed blastocyst transfer (FBT) was scheduled for the fifth day after ovulation when a spontaneous LH surge was noticed on the day of ovulation (day 0). In mNC cycles, patients are given 6500 units of hCG on the day of the LH surge and intramuscular progesterone injections of 40 mg/day were also started on the second day. The second day following the LH surge was considered to be ovulation day (day 0) and embryo transfer was scheduled accordingly.

In HRT cycles, HRT was carried out using a daily dose of 6 mg of oral estradiol valerate. When the endometrial thickness reached 7-8 mm (designated as day 0), a progesterone injection (40 mg) was administrated, FET was scheduled for four days and FBT was scheduled for six days later. In GnRHa-HRT cycles, a depot of Triptorelin (3.75mg) was administrated on the first day of the menstrual cycle, and estrogen administration was initiated on the first day of the second menstrual cycle. To prevent the possible harm from the cysts, the endocrine profile and follicle were monitored at the initiation of the down-regulation and estrogen administration.

The endometrial thickness and endometrial pattern, as well as the serum estradiol level, were recorded on the day of progesterone administration or the day of ovulation. Under transabdominal ultrasound guidance, embryo transfer was carried out using a Guardia Access Embryo Transfer catheter (K-JETS-7019-SIVF, Cook, IN, USA). Up to the tenth week of pregnancy, luteal support was maintained.

Aspirin was administrated (Bayer Healthcare Manufacturing S.r.l., NMPN: HJ20160685, specification: 100mg/tablet, 30 tablets/box) to patients during the whole endometrial preparation period of the FET cycle, and the administration is not continued until 10 weeks after transfer. The patient assignment is mainly based on the preferences of the patients and the clinicians.





Statistical analysis

The mean and standard deviation (SD) are used to characterize the distribution of continuous variables. Categorical variables are quantified using percentages and proportions of the whole. Shapiro-Wilke tests, normality plots, t-tests, or Mann-Whitney U tests compare findings for continuous variables. Categorical variables can either pass the Fisher-Price exact test or the Chi-Square test, depending on the circumstance.

Propensity score (PS) matching can avoid potential confounding variables and selection bias because the two groups in clinical practice were not assigned at random (25). These variables included age, BMI, basal endocrine parameters (FSH, LH, and AFC), parity and gravidity, endometriosis, tubal problems, polycystic ovary syndrome (PCOS), history of intrauterine adhesions separation, oocyte yield, ovarian stimulation protocols, ET orders, endometrial preparation protocols, developmental stage of transferred embryos, the number and quality of embryos transferred, and luteal support. Standard differences (D) were used to evaluate the balance of the distribution of the baseline characteristics between the two groups before and after PS matching. D < 0.1 was used as the threshold to indicate a negligible difference in the mean or prevalence of a covariate between exposure groups (26). The propensity score distribution also confirmed the balance (Supplementary Figure S1). Using pre-matching data to account for the confounders above, multivariate generalized estimating equations (GEE) models were carried out to validate the findings (27).

To evaluate the modification of BMI on the effect of aspirin, an interaction term (BMI × aspirin) was introduced to the multivariate models in either matched or unmatched cohorts.






Results

A total of 11,547 patients were included in the study. Of these, 605 (5.2%) patients received aspirin administration (the aspirin group), and 10,969 (94.8%) patients didn’t receive aspirin administration (the non-aspirin group).

Obvious differences appeared in the diagnosis of polycystic ovary syndrome, oocyte yield, and the number, ET order endometrial preparation protocols, the embryo transfer policy, and the luteal phase support methods before PS matching (Tables 1, 2). Following PS matching, a standardized difference of less than 0.1 indicates a negligible difference in the mean or prevalence of a covariate between the study and control groups (Tables 1, 2). An identical distribution pattern between groups was found following PS-matching (Supplementary Figure S1).


Table 1 | Characteristics of patients before and after PS-matching.




Table 2 | Characteristics of FET cycles before and after PS-matching.



Whether administration of aspirin or not appeared to not affect the endometrial thickness (p=0.562) and estradiol levels (p=0.731) after PS matching (Table 3), the clinical pregnancy rates and live birth rates were similar before matching and after matching (Table 3). The adjusted ORs for clinical pregnancy and live birth in the matching pre-medication group were 1.14 (95% CI:0.96-1.36) and 1.17 (95% CI:0.98-1.4), respectively. After matching, they were 1.13 (95% CI:0.88-1.45) and 1.28 (95% CI:1-1.64). The RRs for clinical pregnancy and live birth in the matched aspirin group were 1.05 (95% CI: 0.95,1.17) and 1.14 (95% CI: 1.01,1.29), respectively (Table 3).


Table 3 | Outcomes of FET before and after PS matching.



When the patients were stratified according to BMI categories, the association between aspirin administration and live birth was only found in underweight patients regardless the PS matching was carried out or not (Table 4). With the interaction analyses, after adjusting for potential confounding factors, the Ratio of OR of live birth comparing aspirin and non-aspirin was significantly lower in the normal-weight patients compared with that in underweight patients, yielding a Ratio of OR of 0.46 (95% CI 0.27-0.77). On the other hand, the Ratio of OR of live births in overweight patients with underweight patients was 0.59 (95% CI 0.27-1.29) (Table 4).


Table 4 | Interaction between aspirin and BMI on live birth rates.



Besides BMI, we also explored other potential interactions between aspirin use and a series of potential modifiers in the multivariate models, including age, parity, gravidity, previous ET attempts (ET order), and stage of ET (cleavage stage or blastocyst). However, none of these interaction terms reached significance (Figure 1).




Figure 1 | Interactions between aspirin and covariates in the matched cohort. All models were adjusted for age, BMI, basal endocrine parameters (FSH, LH, and AFC), parity and gravidity, endometriosis, tubal problems, polycystic ovary syndrome (PCOS), history of intrauterine adhesions separation, oocyte yield, ovarian stimulation protocols, ET orders, endometrial preparation protocols, developmental stage of transferred embryos, the number and quality of embryos transferred, and luteal support as independent variables.







Discussion

Our study showed that aspirin administration improved live birth rates in FET patients with low BMI but not in those with normal and high BMI. The results might suggest that the BMI of the patients is a factor to be considered when using aspirin as an adjuvant in FET treatments. The modification of BMI on the effect of aspirin in FET cycles may also partially explain the heterogeneity among previous studies and suggest future evaluations of aspirin effect based on BMI category.

While little evidence was documented regarding the interaction between BMI and aspirin on live births following ART treatment, our study may be supported by a study using aspirin in treating pregnancy loss (27). In the study, Sjaarda et al. discovered that the live birth rate of women with normal BMI and below would increase by 60% when receiving low-dose aspirin treatment, and this effect will be highlighted with the reduction of BMI, however, no obvious effect was seen in women with high BMI, suggesting the effect of aspirin administration might be modified by BMI. Nevertheless, the trial also included folate acid and the scenario was different from the FET treatment.

Several previous studies have suggested a neutral effect of aspirin on embryo transfer outcomes. The range of BMI in these studies suggested a considerable difference from ours. For instance, Motteram et al. have shown that aspirin administration during FET cycles had no positive effect on live birth rates (28). In their study, the average BMI of the FET cycle group was 25.4 ( ± 4.9), which is in the normal to overweight range. The study by Davar et al. came to similar results in a small population with a proportion of high BMI patients (>24.5 kg/m2) of 68.75% (29). Other studies reported that aspirin had no effect on live birth rates in FET cycles and did not provide information about BMI (30, 31). They are based on Spanish and American populations. Considering the lifestyles and distribution of BMI in the general population in Western countries (32–35), the BMI of patients in these studies may be higher than ours.

In a Chinese population, He et al. showed no positive effect on live birth rates with short-term (7 weeks) aspirin at 50 mg per day in women receiving procedural FET (36). While the average BMI of their patients remained higher than ours, the difference in the dosage and duration of aspirin might also contribute to the different conclusions.

For endometrial preparation, aspirin initiation time in the above study (28, 29, 37, 38) is generally consistent with this study, starting from the first day of menstruation. However, most studies use aspirin until 36 weeks if the patient is pregnant or even up to 40 weeks while we stopped the use of aspirin ten weeks after following transfer. Although the time to discontinuation was earlier than in other studies, it may suggest that this time was sufficient to improve reproductive outcomes. On the other hand, aspirin administration in fresh transfer cycles may initiate on the day of stimulation (39), which is supposed to not only affect the endometrium but also the embryos.

As shown in a previous study, the pharmacodynamics of aspirin are weakened by a greater BMI (18). When using elevated TXB2 (Thromboxane B2) levels as a marker of incomplete response to aspirin (>2.2 ng/ml), Maree et al. showed that a significant part of patients (44/131) receiving aspirin 75mg daily may have an inadequate response to treatment. In this work, the patients` weight is associated with inadequate response, as shown in a multiple regression analysis including age and other confounders (40). Another study with healthy subjects suggested that subjects with TXB2 inhibition failure by aspirin have a greater weight and an 80kg subject may have a 20% probability of aspirin response failure (41). Increased body weight or obesity has been listed among the long-lasting sources of variable aspirin response (42). Being obese may lead to several physiological changes, including changes in body composition, regional hepatic blood flow, plasma proteins and/or tissue components, distribution volume, kidney and hepatic clearance rates, as well as the activity of some key enzymes such as CYP450s are also increased in obese patients (42), all these factors might contribute to lower bioavailability of aspirin. On the other hand, obesity is also associated with hyperactive platelets with the presence of pro-thrombotic plasmatic molecules (43). In a large meta-analysis, Rothwell et al. showed that the ability of 75–100 mg aspirin to reduce cardiovascular events decreased with increasing weight and they showed that the loss of effect at larger body size is driven more by weight and height than by BMI, suggesting insufficient systemic bioavailability of aspirin rather than increased platelet activation secondary to obesity (44). Therefore, it might suggest a necessity for weight-based dosing of aspirin considering the bioavailability.

In ART treatment, aspirin is used as an anticoagulant and anti-inflammatory adjuvant, administrated during ovarian stimulation, endometrial preparation, or following embryo transfer. However, evidence regarding the effect of aspirin on the outcomes remained inconsistent, according to several recent meta-analyses analyses that summarized the available lectures (3, 8, 9). In these studies, patients typically receive a daily dose of 80-100 mg aspirin and a dosage <150 mg is considered “low-dose” (3). However, the determination of aspirin dosage seldom considers patients` BMI or body size, although adjusted dosing is commonly used in the practices, such as ovarian stimulation. In most IVF studies, 100 mg daily aspirin was used, which is similar to the dosage used by Petrucci et al. where obesity impaired aspirin responsiveness (18). According to Petrucci et al., the aspirin bioavailability could be rescued by 200 mg aspirin once daily or 85 mg twice daily (18). However, when increasing aspirin dosage was considered, the side effects of aspirin, such as nausea and bleeding should also be taken into consideration.

The effect of aspirin might also relate to the characteristics of lean patients. Being underweight may also play a role in thrombosis (45). In underweight individuals receiving atrial fibrillation anticoagulation, the risks of thromboembolism (RR 1.92, 95% CI:1.28, 2.90) were considerably elevated (46). On the other hand, placenta pathways regulating placental nutrient metabolism and angiogenesis might be associated with maternal pre-pregnancy underweight status (47), suggesting the pregnancy might need more proangiogenic support. As shown in our previous studies and others (48), low BMI patients are associated with poor ART outcomes. Aspirin is supposed to favor pregnancy by its proangiogenic, antithrombotic, and anti-inflammatory effects (49). These effects may partially rescue the suboptimal maternal environment that is associated with underweight and thus improve the outcomes. On the other hand, the previously mentioned weight-dose interaction also exists in lean patients. In comparison with normal-weight or overweight patients, the systemic bioavailability of aspirin might be higher and therefore lead to higher effectiveness as well as greater risks of potential hazard associated with aspirin use (44). To this end, future prospective studies focused on the effect of aspirin on low BMI women are warranted.

The strength of the study includes a larger sample size compared to previous studies and a PS-matching design. The studies also had several limitations. First, the study was retrospective, which may include bias and unmeasured confounders. Second, the study population does not have a clear indication of the use of aspirin. As the risk factors for thrombosis are not routinely examined in our population, they also could not be used as covariates for PS matching. Third, the response to aspirin in the patients is unknown and the antithrombotic effect or other effects of aspirin in the patients are yet not to be confirmed. Finally, the use of aspirin is restricted in FET cycles in our study, it is not clear whether BMI also plays a role in fresh cycles.





Conclusion

In conclusion, our study showed patients with low BMI are more likely to benefit from using low-dose aspirin in FET cycles than patients with higher BMI. The data may suggest that BMI should be considered when evaluating aspirin’s effect in FET treatment. However, the exact reason for the phenomenon and a causal relationship remains to be elucidated.
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