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Abstract
Purpose  The purpose of the study is to compare the newborns weight in singleton term birth following transfer of thawed 
blastocysts–frozen on either day 5 or day 6 after in vitro fertilization.
Method  The retrospective study included 1444 frozen–thawed blastocyst transfer (FBT) cycles resulting in live singleton 
births between Jan 2013 and Dec 2016. The main outcomes measured were absolute birth weight, z-score adjusted for ges-
tational age and gender, and incidence of large-for-gestational-age (LGA) newborns. Generalized linear model (GLM) and 
logistic regression were used in multivariate analyses.
Result(s)  Both the absolute birth weight (3416.49 ± 404.74 vs 3349.22 ± 416.17) and the z-score (0.6 ± 0.93 vs 0.41 ± 0.93) 
were significantly higher on day 6 FBT in comparison with day 5 FBT. The incidence of LGA newborns was also increased 
on day 6 FBT (22.8 vs 14.7%, P = 0.006). Adjusted for maternal age, BMI, PCOS diagnosis, present of vanishing twin, 
and embryo quality, the odds ratio (95% confidence interval) for LGA on day 6 FBT comparing with day 5 FBT was 1.76 
(1.18–2.64).
Conclusion(s)  Day 6 FBT is associated with increased birth weight and contributes to the incidence of LGA newborns in FBT.
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Introduction

Registry data showed that the use of embryo transfer at the 
blastocyst stage is increasing along with selective embryo 
transfer (SET) in recent years [1]. In comparison with 
the initial use of cleavage-stage embryo transfer, blasto-
cyst transfer not only favors the implantation rate and live 
birth rate per transfer [2], but also allows for the control 
of multiple pregnancies in combination with SET. How-
ever, only approximately half of the embryos subjected to 
extended culture reach blastocyst stage [3], and some of 
these embryos are slower to progress and showed a delayed 
blastulation. Practically, both day 5 and day 6 blastocysts 
are considered for transfer, but the latter is often associated 
with poor clinical outcomes in fresh cycles. However, evi-
dence in frozen–thawed cycles suggested that the pregnancy 
rates of cryopreserved blastocysts are comparable regard-
less of developmental speed before cryopreservation [4, 5]. 
Lower pregnancy rates after day 6 transfers may be due to 
the asynchrony between embryo development and the stimu-
lated endometrium [6]. Some authors suggested an extended 
culture and vitrification strategy for delayed blastocyst on 
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day 5, to achieve a better synchronization between embryo 
development and endometrial receptivity [7]. These stud-
ies may encourage the transfer of day 6 blastocyst in fro-
zen–thawed cycles.

Recent studies listed a series of factors that may affect 
the neonatal outcomes following IVF, including ovarian 
stimulation [8], frozen–thawed transfer [9], culture medium 
[10], and an extended period of culture [11]. These data 
highlighted the role of epigenetic reprogramming occurred 
during pre-implantation development and implied that the 
effects of unfavorable factors may extend beyond implanta-
tion. In patients undergoing day 6 blastocyst transfer, the 
delayed blastulation may reflect the intrinsic flaw of embryo 
quality or a suboptimal pre-implantation environment. 
Therefore, birth resulted from delayed blastocyst may have 
a different neonatal outcome measuring by birth weight and 
likelihoods of small for gestational age (LGA) or large for 
gestational age (SGA), even though the pregnancy rates on 
day 6 and day 5 transfer were comparable in frozen–thawed 
cycles. However, effects of day 6 transfer on neonatal out-
comes are less clear.

The aim of the present study was to explore the associa-
tion between day 6 embryo transfers and the birth weight in 
full-term singletons resulting from frozen–thawed transfers.

Materials and methods

Study subjects

Institutional Review Board approval for this retrospective 
study was obtained from the Ethical Committee of the Medi-
cal College Xiamen University. Informed consent was not 
necessary, because the research was based on non-identifia-
ble records as approved by the ethics committee.

All patients who underwent FBT in the affiliated Cheng-
gong Hospital of Xiamen University in the period between 
January 2013 and December 2016 were accessed for poten-
tial inclusion. Due to the transfer policies in our clinic, 
day 6 blastocysts were only transferred in frozen–thawed 
cycles and no mixed transferred of day 6 and day 5 embryos 
occurred. Only cycles resulting in singleton live birth were 
included. Exclusion criteria were preterm birth (gestational 
week < 37), patients reporting maternal gestational hyper-
tension or diabetes, neonatal abnormalities, and unknown 
perinatal outcomes due to incomplete record.

In stimulation cycles, all patients were treated with ago-
nist or antagonist protocol with the use of FSH or hMG 
as previously described [12]. The hCG was administrated 
when ultrasonography revealed at least one follicle measur-
ing ≥ 18 mm in mean diameter. Oocyte retrieval was sched-
uled for 34–36 h after hCG administration under transvagi-
nal ultrasound guidance.

Laboratory protocol

Oocytes were inseminated using either conventional IVF 
or ICSI. In IVF cycles, cumulus–oocyte complexes were 
transferred to fertilization culture medium (K-SIFM, 
Cook) and inseminated with 1–1.5 × 105 spermatozoa for 
4 h. Oocytes for ICSI were denuded 2 h after ovum pickup, 
and sperm injection was performed 4 h after retrieval. 
All oocytes were transferred to embryonic development 
medium (K-SICM, Cook) after insemination and the pro-
nuclei were identified 17–18 h later. On day 3, the embryos 
were assigned quality grades and embryos for blastocyst 
culture were transferred to blastocyst medium (K-SIBM, 
Cook). The Gardner scale [13] was used to evaluate the 
quality of blastocysts. Top quality embryos for transfer 
were defined as expanded blastocysts with good inner cell 
mass and good trophectoderm (≥ 3AA), and embryos with 
poor morphological score (≤ 4CC) or low expansion grade 
(grades 1–2) were not considered for cryopreservation or 
transfer. On day 5, expanded blastocysts (grades 3–4) with 
acceptable morphological score were cryopreserved for 
subsequent transfer and slow development blastocysts 
were allowed for extended culture until day 6. Day 6 
embryos were cryopreserved if they met the aforemen-
tioned morphological criteria.

For vitrification, blastocoelic volume was reduced. 
Blastocysts were equilibrated for 4 min in 10 ml equi-
libration solution containing 7.5% dimethyl sulfoxide 
and 7.5% ethylene glycol, and then washed in vitrifica-
tion solution (15% dimethyl sulfoxide, 15% ethylene gly-
col, 10 mg/mL Ficoll-70, and 0.6 M sucrose) for 30–40 s 
before being immersed in liquid nitrogen. While the blas-
tocysts thawed, blastocysts were directly immersed in no. 
1 thawing solution (TS) containing 1 M sucrose at 37 °C 
for 1 min and then incubated in no. 2 TS at room tempera-
ture for 3 min. After being washed in no. 3 and no. 4 TS 
at room temperature for 5 min each, the blastocysts were 
cultured for 1 h before FBT. Survival of thawed embryos 
was accessed under an inverted microscope. The blasto-
cysts that appeared to be severely damaged or showed a 
completely degenerated cellular content were considered 
not to have survived. The re-expansion of the blastocoele 
cavity was evaluated immediately before transfer.

Endometrium preparation

Either natural cycles (NC) or hormone replacement treat-
ment (HRT) cycles were used for endometrial preparation. 
In NC cycles, growth of follicles was monitored under 
transvaginal ultrasonography from cycle day 9 to 11. Since 
the diameter of leading follicle reached 1.4 mm, LH and 
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estradiol measurements were scheduled for every 3 days. 
Intramuscular progesterone injections (40 mg/day) were 
started at the day of ovulation and FBT was performed 
on the 5th day after ovulation. In HRT cycles, endome-
trial priming with daily oral estradiol valerate (5–6 mg) 
began on cycle day 1 and lasted for 14–15 days. Proges-
terone injection (60–100 mg) was administrated as soon 
as the endometrial thickness reached 7–8 mm. FBT was 
scheduled after 6 day of progesterone therapy. Embryo 
transfer was performed with a Guardia Access Embryo 
Transfer catheter (K-JETS-7019-SIVF, Cook, IN, USA) 
under transabdominal ultrasound guidance. Luteal support 
continued until 10 weeks of pregnancy.

Statistical analysis

To calculate the proportion of small for gestational age 
(SGA) and large for gestational age (LGA) and z-score 
adjusted for gestational age and gender, we used the lat-
est published international birth weight Ref. [14]. z-score 
was defined as the weight of the individual child minus the 
media 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. 
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.

For continuous variables, normality plots and a Shap-
iro–Wilk test were used for normality testing, and a T test or 
Mann–Whitney U test was used for comparison. Dichoto-
mous variables were analyzed by a Chi-square test or Fisher’s 
exact test, as appropriate. The non-parametric Spearman test 
was used for bivariate correlations. Generalized linear model 
(GLM) was used to analyze the effect on z-scores, and logis-
tic regression analyses were used to access the effect on the 
incidence of SGA/LGA. The same set of covariates was used 
for all multivariate analyses. The maternal age, BMI, parity (0 
vs ≥ 1), PCOS diagnosis [15], and present of vanishing twin 
[16] were selected as covariates due to previous knowledge. 
The multivariate analyses also included parameters that dif-
fer significantly between groups. Paternal age, order of trans-
fer, duration of infertility, and insemination protocols were 
included. Although the number of embryos cryopreserved 
and the blastulation rates were also significantly different 
between groups, these parameters were logically associated 
with day 6 transfer. Adding them into the model only slightly 
reduced the odds ratio, but resulted in a poor fit (Hosmer and 
Lemeshow test, P = 0.057). Therefore, we did not consider 
them as independent factors in our final model. Finally, the 
quality of embryos transferred (at least on top quality embryo 
transferred) was considered, as patients receiving day 6 

transfer might bias toward receiving transfer with lower scored 
embryos.

All calculations were performed with SPSS (version 19; 
IBM).

Result

The present study included 1444 FBT cycles resulting term 
singleton live birth. The mean maternal age of the popu-
lation was 30.58 ± 3.82 years. The average birth weight of 
the newborns was 3357.2 ± 411.7 g. Comparing to the refer-
ence population, 3.7% (n = 54) of the cases were identified as 
SGA and 15.7% (n = 226) were identified as LGA.

Among the FBT cycles, 1273 cycles were transferred 
with day 5 embryos (D5 group), whereas 171 cycles were 
transferred with day 6 embryos (D6 group). The compari-
sons in patient characteristics and cycle outcomes between 
two groups are shown in Table 1. Patient characteristics 
were comparable between groups, except that the cycles 
transferred with day 6 embryos had a higher paternal age 
and a longer duration of infertility. In stimulation cycles, 
more cycles were inseminated with ICSI in D6 group than 
that in D5 group (P < 0.001). A lower blastulation rate was 
also observed in D6 group. Correspondingly, the number of 
blastocysts cryopreserved for future transfer was lower in 
D6 group. In transfer cycles, order of transfer was the only 
parameter differed significantly between groups. Data indi-
cated that patients in D6 group had more previous attempts 
of embryo transfer.

Significant differences were detected in both absolute 
birth weight and z-score adjusted for gestational age and 
gender (P < 0.05). The difference in z-score [95% confidence 
interval (CI)] was 0.19 (0.043, 0.339). The incidence of LGA 
was also significantly increased in D6 group (P < 0.001).

In a GLM model adjusted for aforementioned covariates, 
the associated between day 6 embryo transfer and increased 
z-score remained significant (B = 0.189, P = 0.012). The 
adjusted population marginal means (95% CI) for z-score 
in D5 group and D6 group were 0.35 (0.24, 0.46) and 0.54 
(0.37, 0.70), respectively.

Controlling for the same set of covariates included in 
GLM model, the logistic regression analyses showed that 
the adjusted odds ratio (95% CI) for LGA comparing day 
6 transfer with day 5 transfer was 1.76 (1.18, 2.64). The 
P value for the Hosmer and Lemeshow test was 0.762 
(Table 2).

Discussion

Many studies have compared the development competence 
of delayed day 6 blastocysts with that of day 5 blastocysts in 
terms of pregnancy rates and live birth rates following IVF 
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[5, 17]. However, whether the babies derived from delayed 
blastocysts differ to those derived from day 5 blastocysts 
in terms of neonatal outcomes is less clear. In the present 
study, we found an increase in both absolute birth weight 
and z-score adjusted for gender and gestational age among 
singleton newborns derived from day 6 FBT in comparison 
with those derived from day 5 FBT. After adjustment for 
covariates, day 6 FBT was associated with approximately 
1.7 fold increases in the incidence of LGA. The results sug-
gested that the effect of delayed development in the blasto-
cyst stage may extend beyond implantation.

Our conclusion conflicted with two previous retrospec-
tive studies performed in smaller cohorts. In 71 deliveries 

resulted from FBT with embryos vitrificated at day 5, 6 and 
7, Hiraoka et al. reported no significant difference in terms 
of gestational age, preterm delivery rate, and birth weight 
[18]. However, the results were confounded by the presence 
of twins and only 26 cases of day 6 transfer were included. 
Wang et al. compared the effects of day 5 and day 6 FBT 
on neonatal outcomes in single birth and twin birth, respec-
tively, in a population including 515 cases and only found 
that the birth weight at day 6 group was prone to be heavier 
regardless the birth group [19]. Both studies are potentially 
under power and neither of them reported the outcomes with 
adjustment for gestational age and gender. Taking our study 
into account, data regarding the birth weight of full-term 

Table 1   Patient characteristics and cycle outcomes

OPU ovum pickup, E2 estradiol, ET embryo transfer, SGA small for gestational age, LGA large for gestational age

Day 5 transfer (n = 1273) Day 6 transfer (n = 171) P

Patient characteristics
 Maternal age at OPU, year 29.87 ± 3.79 30.26 ± 3.73 0.215
 Paternal age at OPU, year 31.94 ± 4.73 32.77 ± 4.65 0.03
 Maternal age at ET, year 30.54 ± 3.83 30.95 ± 3.74 0.184
 Maternal BMI, kg/cm2 20.79 ± 2.48 20.74 ± 2.2 0.814
 PCOS diagnosis (%) 118/1273 (9.3) 16/171 (9.4) 0.971
 Parity ≥ 1(%) 656/1273 (51.5) 101/171 (59.1) 0.064
 Duration of infertility, year 3.4 (2, 5) 4 (3, 6) 0.004
 Basal FSH, IU/l 6.69 ± 1.98 6.88 ± 2.01 0.229
 Basal LH, IU/l 5.28 ± 3.47 5.36 ± 3.42 0.783
 Basal E2, pg/ml 43.7 ± 24.39 46.69 ± 28.57 0.14
 AFC 9 (7, 12) 9 (7, 12) 0.118

Stimulation cycles
 Total gonadotropin dose, IU 2194.87 ± 565.98 2285.18 ± 608.77 0.052
 Oocytes retrieved 15 (11, 20) 15 (10, 20) 0.254
 ICSI cycle (%) 313/1273 (24.6) 65/171 (38) < 0.001
 Blastulation rate, % 60 (40, 77.78) 50 (25, 70) < 0.001
 Embryos cryopreserved 5 (3, 8) 4 (2, 6) < 0.001
 Freeze-all cycle (%) 726/1273 (57) 98/171 (57.3) 0.945

Transfer cycles
 Interval between OPU and ET, month 4.55 (3.35, 7.97) 5.02 (3.56, 9.73) 0.073
 Order of transfer 2 (1, 2) 2 (1, 3) 0.001
 Post-thawed survival, % 100 (100, 100) 100 (100, 100) 0.627
 At least on top quality embryo transferred (%) 353/1273 (27.7) 42/171 (24.6) 0.383

Natural cycle endometrial preparation (%)
 Newborn outcomes 614/1273 (48.2) 84/171 (49.1) 0.827
 Cesarean delivery (%) 818/1273 (64.3) 116/171 (67.8) 0.358
 Gestational age, week 38.99 ± 1.04 38.88 ± 1.06 0.209
 Gender, male/female (%) 720/553 (56.6/43.4) 103/68 (60.2/39.8) 0.362
 Vanishing twin (%) 129/1273 (10.1) 19/171 (11.1) 0.692
 Birth weight, g 3349.22 ± 416.17 3416.49 ± 404.74 0.045
 z-score 0.41 ± 0.93 0.6 ± 0.93 0.011
 SGA (%) 50/1273 (3.9) 4/171 (2.3) 0.301
 LGA (%) 187/1273 (14.7) 39/171 (22.8) 0.006
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singletons born after transfer of day 6 blastocysts remained 
limited.

Although the absolute difference in birth weight was 
relatively small when comparing births after day 6 FBT 
with those after day 5 FBT, a significant increase in the 
incidence of LGA may be of concerns regarding long-term 
health effects. Cumulative evidences suggest that infants 
being born LGA are prone to develop metabolic syndrome 
and cardiovascular disease, such as diabetes mellitus and 
hypertensive status [20, 21]. A recent genome-wide DNA 
methylation study comparing children born LGA and born 
appropriate for gestational age suggested that LGA is associ-
ated with altered DNA methylation pattern in genes related 
to cardiovascular disease [22], suggesting links among 
epigenetic modification during early development, LGA at 
delivery, and origin of chronic disease in adulthood.

The conventional morphological assessment widely 
accepted as the gold standard in embryo selection stands on 
the hypothesis that morphological events of embryos and 
their timing reflect the intrinsic quality of embryos. Mor-
phokinetic studies in recent years further support this idea by 
linking morphological phenotypes with molecular programs 
in the early development [23] and embryo ploidy [24]. A 
recent paper demonstrated that the global methylation levels 
of high-quality blastocysts are similar, while the methylation 
levels of low-quality blastocysts are divergent [25], suggest-
ing a link between DNA methylation and embryo viability. 
Nevertheless, whether morphological observations had any 
implication on birth outcomes is unclear. The timing of blas-
tulation has been associated with embryo competence along 
with many other morphological/morphokinetic parameters 
[26]. Our results may lead to the questions: whether the poor 
scored embryos leading to live births with different neonatal 

outcomes? And whether the embryo selection affects adult-
hood long-term health outcome?

According to systemic reviews and meta-analyses [11, 
27], extending in vitro culture to blastocyst stage resulted 
in higher risks of LGA in comparison with cleavage-stage 
culture. In addition, birth following blastocyst transfer also 
had a lower incidence of SGA in comparison with those 
from spontaneous conception [28]. Taken together, evidence 
supported the idea that extended culture may trigger genetic 
and epigenetic changes in trophodermal cells and contribute 
to increased birth weight. Therefore, the effects of day 6 
FBT may be confounded by the extra duration of in vitro 
culture. In animals, both delayed blastocyst formation and 
an extra day culture could increase the incidence of apopto-
sis, decrease the ICM:TE cell ratio, and influence the gene 
expression and diameter of blastocysts [29]. However, pig 
blastocysts formed at day 7 appeared to have a higher fre-
quency of apoptosis than blastocysts formed at day 6 with 
one extra day of culture and one extra day of culture on blas-
tocysts formed at day 7 further increased the prevalence to 
low-quality blastocyst development [29]. This animal study 
implied that the effects of delayed blastulation and extended 
in vitro culture on blastocysts could be cumulative.

For patients whose embryos only reach blastocyst stage 
on day 6, Wirleitner et al. compared possible strategies for 
the transfer of slow blastulation and/or delayed cavitation 
embryos [7]. The authors recommended that the best strat-
egy for non-top quality or delayed embryos was prolonged 
culture before vitrification on day 6, as the improvement in 
live birth rates was even more pronounced. However, day 5 
FBT yielded a comparable live birth rates than day 6 FBT 
(21.4 vs 28.3%) and avoided an extra day of in vitro culture 
[7]. As delayed blastocyst with extended culture duration 
may be associated with neonatal LGA, further study regard-
ing the effects of prolonged culture on the neonatal outcome 
of delayed blastocyst may allow one balance the advantage 
of day 6 FBT against the potential risk of long-term health 
effect.

The present study was limited by the retrospective design. 
Although the patients reporting gestational hypertension or 
diabetes were excluded, the study design did not allow for 
controlling important variables which affect neonatal out-
comes during pregnancy. As all patients with delayed blasto-
cyst received day 6 FBT in the present study, whether alter-
native transfer strategies affect the birth weight outcomes in 
these patients is still no known.

In conclusion, our results indicated that patients with 
delayed blastocysts transferred on day 6 delivered babies of 
higher risks of LGA. The finding is potentially of concerns 
regarding the long-term health following IVF. The results 
also suggested heterogeneity among patients undergoing 
blastocyst transfer in terms of neonatal outcomes. In previ-
ous studies comparing the neonatal outcomes of blastocyst 

Table 2   Multiple logistic regression analysis of LGA comparing day 
6 FBT with day 5 FBT

FBT frozen–thawed blastocyst transfer, OPU ovum pickup

Variable Category OR (95% CI) P

Day of FBT Day 6 vs day 5 1.76 (1.18–2.64) 0.006
Maternal age at ET Per year increased 1.03 (0.97–1.08) 0.361
Paternal age at OPU Per year increased 0.98 (0.94–1.02) 0.406
Maternal BMI Per unit increased 1.20 (1.12–1.28) < 0.001
PCOS diagnosis Yes vs no 0.89 (0.53–1.49) 0.648
Parity 0 vs ≥ 1 0.73 (0.53–1.00) 0.051
Duration of infertil-

ity
Per year increased 1.01 (0.96–1.07) 0.68

ICSI Yes vs no 1.23 (0.88–1.73) 0.222
Order of transfer Per time increased 0.99 (0.86–1.14) 0.902
At least on top 

quality embryo 
transferred

Yes vs no 0.92 (0.66–1.27) 0.596

Vanishing twin Yes vs no 0.68 (0.40–1.15) 0.154
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transfer with cleavage-stage transfer [2, 22], the patients 
undergoing day 5 or day 6 blastocyst transfer were often 
subjected to the same study group. Conversely, some author 
found that “more LGA deliveries were observed after blasto-
cyst compared with cleavage-stage transfer in frozen cycles 
and no differences between the two groups in fresh cycles” 
[30]. The differences in birth weight between patients under-
going day 5 and day 6 blastocysts implied that the includ-
ing patients with delayed blastocysts might contribute to the 
wide heterogeneity of the studies.
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