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Background

Previous studies have arguably associated poor embryo morphology with low birth weight in singletons following single embryo transfer. However, the association between birth weight and specific morphological features in the cleavage stage remains less known. The purpose of the study was to investigate whether morphological features of embryos at the cleavage stage affect birth weight following blastocyst transfer.



Methods

The single-center retrospective cohort study included 4,226 singletons derived from fresh single cleavage-stage embryo transfer (ET; n = 1,185), fresh single blastocyst transfer (BT; n = 787), or frozen-thawed single blastocyst transfer (FBT; n = 2,254) between 2016 and 2019. Morphological parameters including early cleavage, day-3 fragmentation, symmetry, blastomere number, and blastocyst morphology were associated with neonatal birth weight and birth weight z-score in multivariate regression models. The models were adjusted for maternal age, body mass index (BMI), parity, peak estradiol level, endometrial thickness, insemination protocol, female etiologies, order of transfer, mode of delivery, and year of treatment.



Results

Adjusted for confounders, day-3 fragmentation was the only morphological feature associated with birth weight and birth weight z-score, while early cleavage, symmetry, blastomere number, and blastocyst morphology were not. Day-3 fragmentation increased the birth weight in both the ET (115.4 g, 95% CI: 26.6–204.2) and BT groups (168.8 g, 95% CI: 48.8–288.8) but not in the FBT group (7.47 g, 95% CI: -46.4 to 61.3). The associations between birth weight and these morphological parameters were confirmed through birth weight z-score analyses. The adjusted odds of large for gestational age (LGA) and high birth weight were also significantly greater in singletons following the transfer of fragmented embryos in the BT group [odds ratio (OR) 3, 95% CI: 1.2–7.51 and OR 3.65, 95% CI: 1.33–10, respectively]. The presence of fragmentation at the cleavage stage also affected the association between the blastocyst morphology and birth weight. Inner cell mass grades were negatively associated with birth weight in blastocysts with day-3 fragmentation but not in blastocysts without.



Conclusions

The birth weight following blastocyst transfer was found to be positively associated with fragmentation at the cleavage stage. The data did not support the argument that transferring a poor-looking embryo may increase the risks of low birth weight. However, concerns for LGA infants remain.
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Introduction

Despite the rapid evolution of embryo assessment technologies that has occurred within the past decade, the conventional embryo morphology assessment based on microscopic observation remains a routine procedure for many embryo laboratories and continues to play a key role in quality control systems (1). Morphological features observed within a fixed period post-insemination, such as the degree of fragmentation, rate of cell division, and size of blastomeres, as well as the morphologies of the trophectoderm (TE) and inner cell mass (ICM), have been proposed as indicators of embryo quality and developmental potential (2). Embryos with one or more unfavorable morphological features are believed to be of poorer quality and less likely to result in a live birth.

Despite this lower chance, achieving a live birth is still possible following the transferring of embryos with poor morphology. This raises the question of whether children derived from poor-looking embryos differ from those with “standard” morphology at their early stage of life. Several investigators have evaluated the association between embryo quality according to morphology and neonatal outcomes, showing that transferring poor-quality embryos at either the cleavage or blastocyst stage is associated with low birth weight in offspring (3, 4). It suggests a potential link between embryo morphology and fetal development. However, their results conflict with those of other studies (5–7) demonstrating a lack of association between embryo morphology and birth weight; furthermore, they are hampered by the subjectivity of the criteria. Other authors have associated birth weight with specific morphological parameters, such as day-3 cell number, advanced ICM grades, and TE morphology (8–11). These data suggest that specific parameters rather than overall embryo grading might have an impact on birth weight. However, whether or how these morphological parameters interact or work in combination with each other remains unclear.

Recent data suggest that unfavorable morphological features at the cleavage stage may impair implantation and live birth following blastocyst transfer, even when high-quality blastocysts were transferred (12–14). Such studies highlight the need to combine evaluations of the cleavage stage and blastocyst morphology to assess the developmental potential of a blastocyst. We hypothesize that the combination of cleavage stage and blastocyst morphology may also be linked to birth weight variation following in vitro fertilization (IVF), even though the morphological grades of the transferred blastocysts were similar. The present study aimed to evaluate the association between day-3 morphological features and birth weight in both the cleavage stage and blastocyst transfer, in addition to examining whether day-3 morphology modifies the association between birth weight and blastocyst morphology.



Methods


Study subjects

Institutional review board approval for this retrospective study was obtained from the ethical committee of the Xiamen University Affiliated Chenggong Hospital.

Data of all patients who underwent single embryo transfer in either fresh or frozen-thawed cycles in the affiliated Chenggong Hospital of Xiamen University between January 2016 and December 2019 were accessed for potential inclusion. Only cycles resulting in singleton live birth were included. The exclusion criteria were a vanishing twin, very preterm birth (gestational week <26), patients reporting maternal gestational hypertension or diabetes, uterine abnormalities, and unknown perinatal outcomes due to incomplete records. To minimize the maternal confounding, we also excluded maternal metabolism-related conditions, including Polycystic ovary syndrome (PCOS) and glucose intolerance. Female smokers were excluded from the study rather than being considered confounders because of the small number of events (n = 28). The present study did not analyze the embryos with early compaction on day 3 because our grading system did not record the cell number or fragmentation if early compaction had occurred. A previous study has suggested that the effects of early compaction may be modified by other morphological parameters (15).



Laboratory procedures and embryo assessment

Patients received ovarian stimulation as previously described (16). Briefly, agonist or antagonist stimulation protocols were used, and the starting dose of gonadotropin was adjusted according to the patient’s age, antral follicle count (AFC), body mass index (BMI), and follicular growth response. All patients received 1–3 ampules (75–225 IU) of gonadotropin per day. Following ovum pick-up (OPU), oocytes were inseminated using either conventional IVF or intracytoplasmic sperm injection (ICSI), with the fertilization results checked 18–20 h following insemination. Embryos and blastocysts were all cultured in single droplets following insemination. All of the oocytes and embryos were cultured in Cook series media (KSIFM, KSICM, or KSIBM, Cook Medical, Bloomington, IN) with oil overlay (OVOIL, Vitrolife, Göteborg, Sweden) in traditional incubators (C200, Labotect, Göttingen, Germany) at 37°C, 6% CO2, and 5% O2.

Morphological evaluations were performed on days 1, 3, and 5 of the culture. In this study, all of the morphological evaluations at the cleavage and blastocyst stages were conducted by two of the authors (XJ and ZL). Each has over a decade of experience as an embryologist.

On day 1, the occurrence of early cleavage was observed. On day 3, the embryo quality was assessed through a combination of cell number, blastomere size, and degree of fragmentation. Grade I embryos (good quality) were defined as eight-cell embryos with evenly sized blastomeres and no more than 5% fragmentation. Grade II embryos (fair quality) were deemed 7–10-cell embryos with minor defects in blastomere size or moderate fragmentation (10%–15%). Grade III embryos (poor quality) were embryos with any two of the following defects: cell number <7 or >10, abnormally sized blastomeres, and a fragmentation rate of ≥10%. Embryos with severe fragmentation (≥50%) or those with a combination of more than two major defects were not considered for transfer. Day-3 fragmentation here was defined as small anuclear extracellular cytoplasmic structures. Due to the subjectivity of the fragmentation evaluation, representative images for day-3 embryos with different fragmentation degrees in our clinic are shown (Supplementary Figure S1).

The Gardner grading system (1) was utilized for the blastocyst assessment. The degree of expansion (1: the blastocoel is <50% volume of the embryo; 2: the blastocoel is ≥50% volume of the embryo; 3: the blastocoel fills the whole embryo; 4: the blastocoel volume is increased with zona thinning; 5: the TE partially escapes from the zone; 6: the blastocyst completely hatches from the zona), the morphology of the ICM (A: many cells, tightly packed; B: fewer cells, loosely packed; C: very few cells), and the morphology of the TE (A: a cohesive epithelium with many cells, typically >12 cells at the equator of the blastocyst; B: a loose epithelium with fewer cells, typically 7–12 cells at the equator of the blastocyst; C: very few large irregularly sized cells, typically <7 cells at the equator of the blastocyst) were evaluated accordingly. Blastocysts with poor morphological scores (≤CC) or low expansion grades (grades 1–2) were not considered for cryopreservation or transfer. To facilitate the comparison of the various results, quality categories similar to those employed in a previous study (4) were used in the present study: top quality: AA; good quality: AB and BA; average quality: AC, CA, and BB; and poor quality: BC and CB.

For the cryopreservation of the embryo, a vitrification protocol was used, which employed 15% dimethyl sulfoxide, 15% ethylene glycol, and 0.6 M sucrose as cryoprotectants. The blastocoelic volume was reduced before cryopreservation using a laser system (RI Saturn, Falmouth, UK).

Embryo transfers were performed using a Cook catheter (K-JETS-7019-SIVF, Cook, IN, USA) under the guidance of abdominal ultrasonography. Assisted hatching was not performed during the period of the study. Luteal support continued until 10 weeks of pregnancy.



Statistics

The main outcomes measured were absolute birth weight and birth weight z-score adjusted for gestational age and gender. The birth weight z-score was calculated as the weight of the individual child minus the median weight of a reference population of children born at the same gestational age and of the same gender divided by the standard deviation from the same reference population. For the calculation, we used a birth weight reference for the Chinese population generated by the national population-based Birth Defects Surveillance System (17). The small-for-gestational-age (SGA) and large-for-gestational-age (LGA) calculations used the same reference. LGA was defined as newborns with a birth weight >90th percentile for that gestational age and gender. SGA was defined as newborns with a birth weight <10th percentile for that gestational age and gender.

The association between the embryo morphological parameters and birth weight outcomes was analyzed using generalized linear models (GLMs). The models were adjusted for a set of covariates that may affect the birth weight outcomes following embryo transfer; these included maternal age, BMI, parity, peak estradiol level, and endometrial thickness. Also incorporated were potential confounders, including the insemination protocol (IVF or ICSI), female etiologies (tubal factor, endometriosis), order of transfer (1 or >1), mode of delivery (vaginal or Cesarean), and year of treatment. To analyze the absolute birth weight, the models were also adjusted for gestational age and gender. The same set of covariates was also used in the multivariate analyses for LGA, SGA, high birth weight (HBW; >4,000 g) and low birth weight (LBW; <2,500 g).

The morphological parameters evaluated were early cleavage on day 1 (yes or no), fragmentation (<10% or ≥10%), cell number (<8 cells, 8 cells, or >8 cells), and symmetry (even or uneven) on day 3, as well as ICM/TE (grade A, B, or C) morphology on day 5. We used two methods to evaluate the combinational effects of the cleavage stage and blastocyst morphology on birth weight. First, the morphological parameters were assumed to be independent and to serve as confounders to each other in the multivariate models. Second, interactions between morphological parameters were introduced into the multivariate models. To simplify the interpretation of the data, only two-way interactions were considered. The postulated interaction patterns were first checked in a main-effect-only model and then confirmed in a multivariate model.

All of the calculations were performed using SPSS (version 19; IBM).




Results

A total of 5,228 singleton live births following single embryo transfer were reviewed for potential inclusion. After excluding incomplete records (n = 20), very preterm births (n = 20), vanishing twin (n = 27), reported gestational diabetes (n = 26) and hypertension (n = 59) cases, uterine abnormalities (n = 28), glucose intolerance or diagnosed diabetes (n = 21), PCOS (n = 470), female smokers (n = 28), and early compaction (n = 176), 4,353 singletons were included. Of these, 1,185 were following fresh cleavage-stage transfer, 127 were following frozen-thawed cleavage-stage transfer, 787 were following fresh blastocyst transfer, and 2,254 were following frozen-thawed blastocyst transfer. Due to the limited sample size, we did not further analyze singletons following frozen-thawed cleavage-stage transfer; the characteristics, outcomes, and multivariate analyses for these patients are detailed in the supplementary material (Supplementary Tables S1, S2).

For singletons following fresh single cleavage-stage embryo transfer (ET), fresh single blastocyst transfer (BT), and frozen-thawed single blastocyst transfer (FBT), the patient characteristics, embryo parameter distribution, and neonatal outcomes are provided in Table 1. The median [interquartile range (IQR)] of the maternal age and the BMI of the overall population were 30 (28–33) years and 20.9 (19.4–22.5) kg/m2, respectively. The median birth weight, birth weight z-score, and gestational age of the singletons were 3,250 (3,000–3,500) g, -0.11 (-0.74 to 0.55), and 39 (38–40) weeks, respectively.


Table 1 | Patients’ characteristics and neonatal outcomes.



The associations between the birth weight z-score and each morphological feature of the transferred embryos are provided in Table 2. Among the morphological features evaluated in the present study, embryo fragmentation was the only one to be associated with the birth weight z-score of singletons following transfer. In both the ET cycles and BT cycles, the singleton birth weight z-score following transfer of the fragmented embryos (≥10%) on day 3 was significantly higher than the score after transfer of embryos with no or little fragmentation (0.17 vs. -0.15 for cleavage, 0.22 vs. -0.13 for blastocyst). In the FBT cycles, however, fragmentation on day 3 appeared to have no impact on the birth weight z-score (0.06 vs. 0.02). Adjusted for the aforementioned covariates, the association between day-3 fragmentation and birth weight z-score remained significant in ET and BT cycles (Table 2).


Table 2 | Association between embryo morphological features and birth weight z-score.



We also evaluated the association between the birth weight z-score and embryo/blastocyst quality (Table 2). Data showed no significant association between birth weight z-score and embryo/blastocyst grades regardless of the type of transfer, except an increased birth weight z-score was noted when poor-quality blastocysts were transferred in the FBT cycles. However, the association between the birth weight z-score and blastocyst quality was no longer significant following adjustment for confounders.

The associations between the birth weight z-score and morphological parameters were also confirmed through absolute birth weight analyses (Supplementary Table S3). Multivariate analyses suggested that transferring a fragmented embryo may lead to a 115.4 (95% CI: 26.6–204.2)-g increase in birth weight following fresh cleavage transfer and a 168.8 (95% CI: 48.8–288.8)-g increase following fresh blastocyst transfer.

We used interaction analyses to evaluate the effects of Frozen-thawed embryo transfer (FET) on the association between morphology and birth weight. The size of association of fragmentation with the birth weight and birth weight z-score in the FBT group decreased by 142.36 (95% CI: 15.86–268.87) and 0.34 (95% CI: 0.01–0.66), respectively, in comparison with that of the BT group.

To examine whether birth weight increased with the severity of fragmentation, we further categorized the degree of fragmentation into four groups (no fragmentation; low fragmentation, <10%; moderate fragmentation, 10%–14%; high fragmentation, ≥15%). In fresh transfer cycles (cleavage and blastocyst stage), multivariate analyses suggested that in comparison with the no fragmentation group, the low fragmentation, moderate fragmentation, and high fragmentation groups experienced birth weight increases of 2.04 (95% CI: -59.28 to 63.36) g, 114.7 (95% CI: 36.38–193.1) g, and 214.8 (95% CI: 62.54–367.08) g, respectively. A similar trend was also observed with the birth weight z-score (Figure 1), suggesting a dose-dependent effect of fragmentation on birth weight. On the other hand, no dose-dependent effect of fragmentation was detected in the frozen-thawed cycles.




Figure 1 | Association between the degree of fragmentation and birth weight in the fresh (cleavage and blastocyst transfer) and frozen-thawed cycles. (A) Adjusted regression coefficients of fragmentation degrees for birth weight using no fragmentation as a reference. (B) Adjusted regression coefficients of fragmentation degrees for birth weight z-score using no fragmentation as a reference. Models are adjusted for maternal age, body mass index (BMI), parity, peak estradiol level, endometrial thickness, insemination protocol in vitro fertilization (IVF) or intracytoplasmatic sperm injection (ICSI), female etiologies (tubal factor, endometriosis), order of transfer (1 or >1), mode of delivery (virginal or Cesarean), and year of treatment.



Since fragmentation has been associated with standardized and absolute birth weight, we also evaluate its association with other neonatal outcomes, including SGA, LGA, LBW, HBW, and preterm birth (Table 3). The rates of LGA appeared to be higher following the transfer of embryos with ≥10% fragmentation on day 3 (14.1% vs. 8.5%, p = 0.077 for fresh cleavage; 16.7% vs. 7.6%, p = 0.026 for fresh blastocyst), and the same was also observed for HBW (10.6% vs. 5.1%, p = 0.03 for fresh cleavage; 14.6% vs. 4.7%, p = 0.003 for fresh blastocyst). Multivariate analyses suggested that there was an approximately 2-fold increase in the odds of LGA/HBW with fragmentation in the fresh blastocyst transfer cycles.


Table 3 | Association between day-3 fragmentation (≥10% vs. <10%) and neonatal outcomes.



A significant modification to the association between the blastocyst morphology and birth weight by day-3 fragmentation was also observed when the interaction terms were included (Supplementary Table S4). Comparing the birth weight for blastocysts with grade A ICM to those with grades B and C, the size of association increased by 473.4 (95% CI: 124.04–822.76) and -70.42 (95% CI: -630.44 to 489.59), respectively, in the fragmented group compared to the no-fragmentation group. The association between the blastocyst quality and birth weight was also modified by day-3 fragmentation (Supplementary Table S4).



Discussion


Main outcomes

Our data suggested that day-3 fragmentation was associated with higher birth weight, regardless of whether cleavage-stage embryos or blastocysts were transferred in fresh cycles. Moreover, the association between blastocyst morphology and birth weight might be modified by the presence of fragmentation on day 3. In the frozen-thawed cycles, however, no association was detected between embryo morphology and birth weight. In addition, our data did not support the argument that transferring a poor-looking embryo (BC/CB/CC for blastocysts; fair or poor grade for day-3 embryos) may increase the risks of low birth weight (3, 4), as we observed no association between embryo quality and birth weight in either the fresh or frozen-thawed transfer cycles.



Strengths and limitations

Compared with previous studies (3–11), our study may have several strengths. First, it was one of the largest studies on this topic, including singletons following both fresh and frozen-thawed transfers. Second, the data were collected in a relatively short period, minimizing the potential confounding over time (18). Finally, the study design took both the cleavage stage and blastocyst into consideration, providing more information than studies using data only related to one of these factors.

However, our study is also limited by similar methodological defects to those affecting previous studies, including the subjectivity of embryo assessment and the retrospective nature of the study. The most profound bias may lie in the fact that patients receive a poor-looking embryo only when they have no choice. Therefore, singletons following transfer of a poor-looking embryo may be more likely to be delivered by mothers with a poor prognosis. In addition, because the proportion of live births resulting from day-3 fragmented embryos remained small in the birth cohort, the association between fragmentation and birth weight should be verified in a larger cohort.



Interpretation

Cleavage-stage embryo fragmentation has been defined as the presence of anuclear membrane-bound extracellular cytoplasmic structures and used as a marker for embryos with poor prognosis. Embryo fragmentation has been associated with reduced blastocyst formation, decreased implantation, and increased early abortion. However, its effect on birth weight is less widely known. Ebner et al. (19)  demonstrated that the mean birth weights of singletons following transfer of embryos with no fragmentation, <25% fragmentation, and 25%–50% fragmentation were 3,128, 3,235, and 3,421 g, respectively. Although this early study was limited by its small sample size and the authors concluded that birth weight did not correlate with embryo quality (19), the numerical trend may indicate an association between fragmentation and birth weight.

The pathogenesis and biological significance of fragmentation in cleavage-stage embryos are not fully understood. A transmission electron microscopy study revealed that the most abundant organelles in the fragment were mitochondria (20). The determination of extracellular mitochondrial DNA content suggested that the fragment may release mitochondria into the culture medium (21). These observations may suggest a reduction in the mitochondrial number and/or a deficiency in the mitochondrial function in fragmented embryos. Alternations in the mitochondrial function during the early embryo stage may affect later development. Using a mouse model, Zander-Fox et al. (22) showed that disrupting the mitochondrial oxidative phosphorylation process during the cleavage-stage embryo culture might reduce the birth weight and impair the metabolic phenotypes of the offspring (22). In humans, mitochondrial DNA depletion was found in both SGA and LGA neonates (23). Together with the existing evidence, the present study suggests that further research is warranted to investigate the putative links between early embryo morphology, mitochondrial dysfunction, and later life development.

Among the studies investigating the association between embryo quality and birth weight, Zhang et al. (4) suggested an association between poor blastocyst morphology and low birth weight, whereas Huang et al. (3) demonstrated the greater risk of low birth weight following the transfer of poor-quality cleavage-stage embryos in the same population. The inconsistency between their conclusions and ours may lie in the subjectivity of the embryo assessment and the different embryo selection criteria. However, the authors of these studies also reported a relatively high birth weight z-score and an LGA rate of up to 37.5% in singletons from top-quality embryos. In contrast, our data demonstrated a population with far lower birth weight z-scores and LGA rates using the same reference population (17). This suggests that significant differences in study cohorts or regions may contribute to the heterogeneity of such studies. For instance, the distribution of socioeconomic factors (24) and maternal lifestyles (25) may vary among cohorts or regions, leading to varying baseline birth weight z-scores. On the other hand, the lack of association between embryo quality and birth weight observed in our study was supported by several other studies (5–7, 10).

Several studies have associated singleton birth weight with specific morphological features rather than the overall embryo score, yielding conflicting results (9–11). Licciardi et al. (9) reported that a higher ICM grade was associated with a higher birth weight, but the TE grade did not relate to the weight. Controversially, Bakkensen et al. (10) reported a negative association between ICM grades and birth weight. In a more recent study, advanced TE grade, rather than ICM, was found to be associated with increased birth weight (11). A possible reason for this discrepancy is that the limited choices in terms of ICM and TE grades, in combination with subjectivity, may limit the discriminatory power of the grading system. The majority of blastocysts (60%–70%) transferred were graded “B” for either TE or ICM. While it is easier to discriminate between TE and ICM with extremely high or low cell numbers, TE or ICM with intermediate-high or intermediate-low cell numbers may be classified as higher or lower grade according to different embryologists. A misclassification of the intermediate grade “B” may skew the estimation for both the higher and lower grades. When a more quantitative grading method was introduced, Ebner et al. (26) reported no association between birth weight and either TE or ICM. However, this study only included 99 live births and needs to be confirmed in larger cohorts.

The association between blastocyst morphology and developmental potential might also be affected by their cleavage-stage origin. Recent studies have suggested that the developmental potential of blastocysts might differ according to their different morphological features in the cleavage stage, even though a similar blastocyst grade may be given (12–14). In advanced good-quality blastocysts, the degree of fragmentation on day 3 may have a negative impact on the implantation potential (12). The observations of Hardy et al. (27) have revealed an interrelation between fragmentation and blastocyst morphology. Embryos with minimal or moderate levels of fragmentation (5%–25%) in the cleavage stage had a reduced TE cell number but maintained a steady cell number in ICM in the blastocyst stage. However, the levels of apoptosis in the ICM were high in blastocysts from embryos without fragmentation but lower in blastocysts from fragmented embryos (27). Apoptosis in ICM may play a crucial role in eliminating defective cells and regulating cell numbers (28). Therefore, the observations of Hardy et al. (27) may suggest that imbalanced ICM/TE development and/or dysregulation of ICM growth occurs in blastocysts following fragmentation, even though the morphology is similar to that of a blastocyst from embryos without fragmentation. ICM dysregulation is postulated to be associated with fetal overgrowth in animals (29). A decreased ICM/TE ratio may indicate an imbalance in placental development and explain some of the features of large calf syndrome (29). Echoing earlier observations, our interaction analysis suggested that an association between a lower number of ICM cells and large babies may also exist in humans, but only when fragmentation is present in the cleavage stage.

Our study failed to associate any morphological features with birth weight in frozen-thawed cycles, and the data suggested a significant modification of frozen-thawed on our estimate. This was not the first time that data have suggested that technologies may modify the association between embryo morphology and neonatal outcomes. Lieberman et al. (8) showed that the cell number on day 3 is positively associated with birth weight but only without assisted hatching. The authors hypothesized that creating an artificial hole in the zona pellucida by assisted hatching may alter the embryonic metabolism and affect subsequent development. Similarly, vitrification may lead to a wide range of alternations in the cellular structure, including damage to the mitochondria and cytoskeleton (30, 31) and has been associated with alternated neonatal outcomes (32). The effects of day-3 fragmentation on birth weight might be overwhelmed by the changes made due to vitrification, as the impacts of the latter equally affect embryos with and without day-3 fragmentation. On the other hand, the observation might be explained by the hypothesis that vitrification sets an additional selection barrier for embryos to screen for the fitness of surviving a freeze-thaw cycle (33). If blastocysts with day-3 fragmentation were less likely to pass the barrier and achieve a live birth than their counterparts without day-3 fragmentation, a potential bias may affect the association between day-3 fragmentation and birth weight outcomes. However, when we checked the proportion of embryos with day-3 fragmentation at each step of the treatment (Supplementary Table S5), the proportion of blastocysts with day-3 fragmentation among all blastocysts transferred in FBT cycles was found to be similar to the proportion of blastocysts with day-3 fragmentation among blastocysts that achieved a live birth (Supplementary Table S5). Therefore, the later hypothesis is not supported by our data.




Conclusions

In conclusion, our data suggested that fragmentation in the cleavage stage is associated with increased birth weight following either cleavage- or blastocyst-stage transfers in fresh cycles but not in frozen-thawed cycles. Transferring day-3-fragmented embryos appeared to be safe for offspring, as infants with a higher birth weight may show positive long-term health, development, and educational outcomes (34). However, concerns for LGA infants remain because the risks of adult-onset diseases may also increase in those with an extremely high birth weight (35).
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