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Abstract

Background: There are few studies evaluating the effects of number and quality of transferred blastocysts on birth outcomes in frozen-
thawed transfer cycles. Methods: A retrospective study was conducted, encompassing 5493 frozen-thawed blastocyst transfer cycles
from January 2019 to June 2021. The cycles were categorized into five groups based on the number and quality of transferred blasto-
cysts, as well as trichotomized based on maternal age brackets. Pregnancy outcomes such as implantation rate (IR), clinical pregnancy
rate (CPR), multiple pregnancy rate (MPR), abortion rate (AR), live birth rate (LBR), and neonatal characteristics were compared and
statistically analyzed. Results: The data revealed that maternal age, quality and number of the transferred blastocysts exerted a demon-
strable impact on both pregnancy and birth outcomes. Within the same blastocyst transfer groups, it was noted that IR, CPR, and LBR
exhibited a progressive decline as a function of advancing maternal age. Amplifying the number of homogeneously graded blastocysts
for transfer did not conspicuously elevate CPR and LBR; however, it led to a statistically significant escalation in MPR (p < 0.01). In
instances of dual blastocyst transfers, better-quality blastocysts yielded higher IR, CPR, MPR and LBR. Furthermore, neonatal outcomes
were most favorable in singleton births, followed in sequence by dizygotic twins and monozygotic twins. A positive correlation was ob-
served between sex ratio and the proportion of good-quality blastocysts, with a statistically significant difference between good-quality
and poor-quality blastocyst groups (1.34 vs 1.00, p/odds ratio (OR)/95% confidence interval (95% CI) <0.01/1.33/1.10–1.62). Conclu-
sions: Single blastocyst transfer appears to be an efficacious strategy for decreasing MPR while achieving favorable pregnancy and birth
outcomes. Nonetheless, it should be noted that this strategy may engender a skewed sex ratio among the neonates.
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1. Introduction

With the development of assisted reproductive tech-
nologies (ART), particularly in the domains of embryo cul-
ture and cryopreservation, the implantation rate (IR) is in-
creasing along with the multiple pregnancy rate (MPR).
Multiple pregnancies were commonly regarded as the most
consequential adverse outcomes correlated with ART, as
they are associated with elevated risks of maternal and
neonatal morbidity. Although, the reduction in the number
of transferred embryos has been posited as a critical strat-
egy for mitigating multiple pregnancies, this strategy has
not been widely used in clinical practice owing to appre-
hensions regarding diminished pregnancy rates [1]. Con-
trary to cleavage-stage embryos, extending embryo culture
to the blastocyst stage allowed for better evaluation of the
implantation potential, yielding a higher IR [2–4]. Pre-
vious studies have posited that elective single blastocyst
transfer could yield comparable clinical pregnancy rates
(CPR) for patients with a good prognosis [1,5,6]. Although
live birth rate (LBR) equivalence was not demonstrated, it

was thought the additional complications associated with
multiple gestations outweighed the potentially higher LBR
[5]. Additionally, frozen-thawed single blastocyst trans-
fers have been found to result in enhanced CPR relative to
fresh single blastocyst transfers in ovulatory women with
a good prognosis [6]. In the context of advanced maternal
age (≥40 years), both single and double blastocyst transfers
yielded similar CPR and LBR, while MPR was lower for
single blastocyst transfers [7]. Despite burgeoning research
in the domain of different embryo-stage and fresh vs frozen
embryo transfers [8,9], a comprehensive analysis examin-
ing the impact of blastocyst number, quality and maternal
age on pregnancy and birth outcomes remains lacking. The
present study aims to fill this gap by analyzing these vari-
ables to formulate a more effective blastocyst transfer strat-
egy for decreasing MPR while achieving desirable preg-
nancy and birth outcomes.
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2. Materials and Methods
2.1 Participants and Study Design

This retrospective study was conducted from January
2019 to June 2021, and focused exclusively on the first
frozen-thawed blastocyst transfer cycle. Participants with
a diagnosis of either congenital or acquired uterine anoma-
lies, such as uterine malformation, adenomyosis, submu-
cous myoma, uterine fibroids, or intrauterine adhesions
were excluded. The cycles were partitioned into five groups
based on the number and quality of transferred blastocysts:
a single good-quality blastocyst (G), two good-quality blas-
tocysts (GG), a good-quality blastocyst and a poor-quality
blastocyst (GP), a single poor-quality blastocyst (P), and
two poor-quality blastocysts (PP). Subsequent categoriza-
tion occurred according to maternal age brackets: <35, 35–
39 and>39 years. Assessed pregnancy and birth outcomes
included IR, CPR, MPR, abortion rate (AR), LBR, gesta-
tional age, delivery modality, sex ratio, congenital malfor-
mation, and birthweight. Abortion was defined as either
early or mid-term pregnancy termination, and live birth was
construed as the delivery of a live neonate at or beyond a
gestational age of 24 weeks.

2.2 Embryo Culture, Freezing and Thawing Protocols
Embryo culture was performed in Quinn’s IVF se-

quential medium suite (Quinn’s, SAGE, New York, NY,
USA) after adding 10% human serum substitute (Quinn’s,
SAGE, USA). The atmospheric conditions were precisely
regulated to include 5% O2, 5% CO2, and 90% N2, along
with a saturated humidity level. Embryos were individually
cultured in 25 µL microdroplets of cleavage medium cov-
ered with oil. Approximately 3 embryos were co-cultured
in each 30 µL microdroplet of blastocyst medium. Blas-
tocysts were scored according to the criteria proposed by
Gardner on the morning of day 5 and 6 [10]. Good-quality
blastocysts were given a numerical score ranging from 3
to 6 according to their degree of expansion and hatching
status. Concurrently, the inner cell mass and trophecto-
derm were qualitatively assessed and categorized as ‘A’
or ‘B’. In contrast, blastocysts not meeting these rigorous
criteria were designated as being of poor-quality. Blasto-
cysts were vitrified and thawed using vitrification media
(Kitazato Biopharma, Shizuoka, Japan) and thawed blasto-
cysts were cultured about 2 hours for transfer. The blasto-
cysts were not genetically tested, so the transfers were only
based on morphology.

2.3 Endometrial Preparation
Two primary protocols were employed for endome-

trial preparation: natural and artificial cycles. In natu-
ral cycles, either administration of human chorionic go-
nadotropin (HCG) guided the transfer planning, or a spon-
taneous luteinizing hormone (LH) peak was detected,
with blastocysts transfers occurring on the fifth day post-
ovulation. In artificial cycles, a daily oral dose of 3.75

mg commenced on days 2–3 of the menstrual cycle, with
dose adjustment made in accordance with the endometrial
thickness as gauged by ultrasound. Upon reaching an en-
dometrial thickness of ≥7 mm, 40 mg progesterone was
injected five days prior to the frozen blastocyst transfer.
Luteal phase support was extended until the 11th week of
gestation if pregnancy was confirmed.

2.4 Statistical Analyses
Statistical analyses were executed utilizing SPSS ver-

sion 22.0 (IBM, Armonk, NY, USA). Quantitative vari-
ables were presented as means± standard deviations, while
categorical variables were expressed as frequencies and
percentages. A variety of statistical tests including Chi-
squared test, Fisher’s exact test, T-test and one-way analysis
of variance were employed as appropriate. Logistic regres-
sion modeling was deployed to probe potential risk factors
influencing LBR. A two-sided p-value of <0.05 was con-
sidered to be statistically significant.

3. Results
3.1 Patient and Cycle Characteristics

The present study encompassed a total of 5493 first
frozen-thawed blastocyst transfer cycles. The maternal age,
duration of infertility, endometrial thickness and body-mass
index were 20–45 years, 0–25 years, 8–14 mm and 13–42
kg/m2 respectively. The detailed cycle characteristics of the
different groups were shown in Table 1. Body-mass index
varied significantly in the <35 and total age group (p <

0.05). The differences of duration of infertility and primary
infertility were significant in the 35–39 and total age group
(p < 0.05).

3.2 Pregnancy Outcomes
Date presented in Table 2 showed that both the qual-

ity and number of transferred blastocysts exerted a palpa-
ble impact on pregnancy outcomes. In total age group,
IR (74.5%) was observed to be highest in group G, and
MPR was the highest in group GG (56.8%) followed by
groups GP (36.3%) and PP (29.6%). Additionally, el-
evated AR was observed in groups P (23.5%) and PP
(23.6%). Groups with good-quality blastocysts (groups
G, GG, and GP) had higher CPR and LBR alongside
diminished AR relative to their counterparts devoid of
good-quality blastocysts (groups P and PP). In the groups
with good-quality blastocysts, Group G demonstrated a
higher IR (p/odds ratio (OR)/95% confidence interval (95%
CI) <0.01/1.96/1.67–2.30 and <0.01/2.73/2.41–3.09) and
a lower MPR (p/OR/95% CI <0.01/0.02/0.02–0.03 and
<0.01/0.05/0.04–0.06) in comparison to groups GG and
GP. Meanwhile, CPR, AR, and LBR were similar among
these groups (p > 0.05). The CPR, AR, and LBR were
similar (p > 0.05) between groups GG and GP, while MPR
was higher in group GG (p/OR/95% CI <0.01/2.31/1.75–
3.04). In contrast, between the groups without good-quality
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Table 1. Patient and cycle characteristics.

Age (years) Embryo
Body-mass index

(kg/m2)
Natural cycle (%)

Endometrial
thickness (mm)

Duration of
infertility (years)

Primary
infertility (%)

<35

G 21.3 ± 2.6 6.7 (163/2416) 9.5 ± 0.9 3.5 ± 2.4 43.0 (1039/2416)
GG 21.7 ± 2.7 5.4 (15/277) 9.5 ± 0.9 3.7 ± 2.7 47.7 (132/277)
GP 21.5 ± 2.5 8.4 (39/464) 9.5 ± 0.9 3.7 ± 2.6 45.7 (212/464)
PP 21.1 ± 2.4 5.6 (18/320) 9.5 ± 1.2 3.6 ± 2.6 47.8 (153/320)
P 21.6 ± 2.6 8.9 (10/112) 9.6 ± 1.0 3.1 ± 2.0 38.4 (43/112)

p-value 0.03 0.38 0.94 0.13 0.18

35–39

G 22.0 ± 2.5 11.6 (94/813) 9.6 ± 1.1 4.5 ± 3.4 17.5 (142/813)
GG 21.8 ± 2.5 13.8 (16/116) 9.8 ± 1.1 4.6 ± 3.6 20.7 (24/116)
GP 22.3 ± 3.0 9.4 (24/256) 9.8 ± 1.0 4.9 ± 3.5 20.7 (53/256)
PP 22.1 ± 2.8 12.3 (30/243) 9.8 ± 1.2 5.1 ± 3.8 26.3 (64/243)
P 22.0 ± 2.6 12.0 (13/108) 9.5 ± 1.2 4.0 ± 2.9 13.9 (15/108)

p-value 0.46 0.72 0.09 0.03 0.02

>39

G 22.6 ± 2.6 18.2 (22/121) 9.4 ± 1.4 5.9 ± 4.9 11.6 (14/121)
GG 22.2 ± 2.1 14.8 (4/27) 9.6 ± 1.0 3.9 ± 4.2 11.1 (3/27)
GP 22.6 ± 2.4 15.2 (12/79) 9.4 ± 1.1 5.4 ± 5.1 11.4 (9/79)
PP 22.2 ± 2.4 13.0 (13/100) 9.5 ± 1.4 6.7 ± 5.9 13.0 (13/100)
P 22.7 ± 3.5 19.5 (8/41) 9.3 ± 1.1 5.4 ± 3.8 14.6 (6/41)

p-value 0.72 0.81 0.82 0.09 0.98

Total

G 21.5 ± 2.6 8.3 (279/3350) 9.6 ± 1.0 3.9 ± 2.9 35.7 (1195/3350)
GG 21.8 ± 2.6 8.3 (35/420) 9.6 ± 1.0 4.0 ± 3.1 37.9 (159/420)
GP 21.9 ± 2.7 9.4 (75/799) 9.6 ± 1.0 4.3 ± 3.3 34.3 (274/799)
PP 21.7 ± 2.6 10.7 (71/663) 9.6 ± 1.2 4.6 ± 3.9 34.7 (230/663)
P 21.9 ± 2.8 11.9 (31/261) 9.5 ± 1.3 3.8 ± 2.8 24.5 (64/261)

p-value <0.01 0.12 0.57 <0.01 <0.01
Note: G, a good-quality blastocyst; GG, two good-quality blastocysts; GP, a good-quality blastocyst and a poor-quality blastocyst;
PP, two poor-quality blastocysts; P, a poor-quality blastocyst.

blastocysts, group P similarly outperformed group PP in
terms of both higher IR (p/OR/95% CI <0.01/1.63/1.25–
2.12) and lower MPR (p/OR/95% CI <0.01/0.06/0.02–
0.18), while CPR, AR, and LBR did not manifest sig-
nificant differences (p > 0.05). These results indicated
that increasing the number of same grade blastocysts trans-
ferred did not obviously increase CPR and LBR, but rather
markedly elevated MPR. Concerning double blastocyst
transfer scenarios (groups GG, GP and PP), a superior blas-
tocyst grade corresponded to heightened IR, CPR, MPR,
and LBR. These rates exhibited a pronounced decrement
in group PP (GG vs PP, p/OR/95% CI <0.01/2.37/1.99–
2.83, <0.01/2.19/1.66–2.88, <0.01/3.12/2.30–4.25 and
<0.01/1.98/1.54–2.54 respectively). For single blastocyst
transfer, group G evidenced elevated IR, CPR, and LBR
(p/OR/95% CI <0.01/2.86/2.22–3.69, <0.01/2.86/2.22–
3.69, <0.01/2.60/2.01–3.37, respectively) and diminished
AR (p/OR/95% CI = 0.42/0.64/0.42–0.97) in comparison
to group P.

In different age groups, a progressive attenuation in
IR, CPR, and LBR was discernible with advancing mater-
nal age, reaching statistical significance beyond 39 years (p
< 0.05). The MPR in groups GG, GP, and PP also demon-
strated a corresponding decline with increasing age (p <

0.01). In comparison to the group <35, the AR was sig-
nificantly elevated in group >39 (p < 0.05). Across all
age classifications, the trends in IR, CPR, MPR, AR, and
LBR remained congruent with those observed in the total
age group.

Logistic regression modeling, delineated in Table 3,
incorporated variables that were both statistically signifi-
cant according to Table 1 and clinically salient. This model
indicated that the most potent predictors of live birth were
maternal age and transferred blastocysts. The LBR within
cohorts of identically graded blastocyst transfers exhibited
a gradual diminution with increasing age. Cohorts compris-
ing good-quality blastocysts (groupsG, GG andGP) consis-
tently outperformed those bereft of such blastocysts (groups
PP and P) in terms of LBR (p/OR/95%CI<0.01/2.13/1.84–
2.45).

3.3 Neonatal Characteristics
Tables 4,5 offered a meticulous portrayal of neona-

tal attributes for live-born singletons and twins. Compara-
tive analyses revealed that the singleton group had a higher
average gestational age (p/OR/95% CI <0.01/2.66/2.43–
2.88) and birthweight (p/mean difference (MD)/95% CI
<0.01/818.38/772.70–864.05) as well as a lower cesarean
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Table 2. The effects of quality and number of transferred blastocysts on pregnancy outcomes.
Age (years) Embryo IR CPR MPR AR LBR

<35

G 78.4 (1893/2416)aA 78.4 (1893/2416)aA 2.7 (52/1893)cA 13.7 (259/1893)baC 67.5 (1630/2416)aA
GG 65.9 (365/554)bA 78.7 (218/277)aA 67.4 (147/218)aA 11.0 (24/218)bC 70.0 (194/277)aA
GP 56.7 (526/928)cA 80.4 (373/464)aA 41.0 (153/373)bA 11.5 (43/373)bB 70.9 (329/464)aA
PP 45.8 (293/640)dA 68.4 (219/320)bA 34.2 (75/219)bA 20.1 (44/219)aB 54.7 (175/320)bA
P 58.9 (66/112)bcA 58.9 (66/112)bA 3.0 (2/66)cA 22.7 (15/66)abA 45.5 (51/112)bA

35–39

G 66.5 (541/813)aB 66.5 (541/813)abB 1.8 (10/541)bA 23.7 (128/541)abB 50.7 (412/813)abB
GG 50.4 (117/232)bB 75.0 (87/116)aA 35.6 (31/87)aB 31.0 (27/87)aA 51.7 (60/116)abB
GP 45.7 (234/512)bB 69.9 (179/256)abB 31.8 (57/179)aAB 17.9 (32/179)bB 57.4 (147/256)aB
PP 36.8 (179/486)cB 59.3 (144/243)bcA 26.4 (38/144)aAB 20.8 (30/144)abB 46.9 (114/243)abA
P 50.9 (55/108)bA 50.9 (55/108)cA 1.8 (1/55)bA 20.0 (11/55)abA 40.7 (44/108)bA

>39

G 52.1 (63/121)aC 52.1 (63/121)aC 4.8 (3/63)bA 36.5 (23/63)aA 33.1 (40/121)aC
GG 38.9 (21/54)acB 63.0 (17/27)aA 29.4 (5/17)aB 47.1 (8/17)aA 33.3 (9/27)aB
GP 42.4 (67/158)aB 70.9 (56/79)aB 19.6 (11/56)aB 46.4 (26/56)aA 38.0 (30/79)aC
PP 20.0 (40/200)bC 35.0 (35/100)bB 14.3 (5/35)abB 57.1 (20/35)aA 15.0 (15/100)bB
P 26.8 (11/41)bcB 26.8 (11/41)bB 0.0 (0/11)abA 45.5 (5/11)aA 14.6 (6/41)bB

Total

G 74.5 (2497/3350)a 74.5 (2497/3350)a 2.6 (65/2497)d 16.4 (410/2497)b 62.1 (2082/3350)a

GG 59.9 (503/840)b 76.7 (322/420)a 56.8 (183/322)a 18.3 (59/322)ab 62.6 (263/420)a

GP 51.8 (827/1598)c 76.1 (608/799)a 36.3 (221/608)b 16.6 (101/608)bc 63.3 (506/799)a

PP 38.6 (512/1326)d 60.0 (398/663)b 29.6 (118/398)c 23.6 (94/398)a 45.9 (304/663)b

P 50.6 (132/261)bc 50.6 (132/261)c 2.3 (3/132)d 23.5 (31/132)ac 38.7 (101/261)b

Note: Superscript lowercase letters (a, b, c) demonstrate the differences of different transferred blastocysts in the same age groups, while
subscript uppercase letters (A, B, C) signify differences of the same transferred blastocysts in the different age groups. Completely different
letters indicate a significant difference (p < 0.05), and any of the same letters are not significant (p > 0.05). IR, implantation rate; CPR,
clinical pregnancy rate; MPR, multiple pregnancy rate; AR, abortion rate; LBR, live birth rate.

Table 3. Logistic regression analysis of the risk factors
affecting the live birth rate.

Wals p OR (95% CI)

Blastocysts
P 64.60 <0.01 1.00
G 26.68 <0.01 2.02 (1.55–2.64)
GG 21.58 <0.01 2.17 (1.56–3.01)
GP 37.43 <0.01 2.51 (1.87–3.37)
PP 2.90 0.09 1.30 (0.96–1.75)
Endometrial thickness 0.69 0.41 1.02 (0.97–1.08)
Female age 151.92 <0.01 0.91 (0.90–0.93)
Duration of infertility 1.85 0.17 0.99 (0.97–1.01)
Body-mass index 0.33 0.57 1.01 (0.99–1.03)
Type of infertility 3.22 0.07 0.89 (0.79–1.01)
Endometrial preparation 2.77 0.10 1.18 (0.97–1.43)
Note: OR, odds ratio; 95% CI, 95% confidence interval.

section rate (p/OR/95% CI<0.01/0.10/0.06–0.15), preterm
labor rate (p/OR/95% CI <0.01/0.06/0.05–0.08) and low
birthweight rate (p/OR/95%CI<0.01/0.06/0.05–0.07) than
the twin group. Moreover, no significant differences were
present in parameters such as sex ratio and congenital mal-
formation rate between the two groups (p/OR/95% CI =
0.39/1.07/0.91–1.26 and 0.50/0.81/0.43–1.52). Table 5 il-
lustrated that blastocyst transfer strategies exerted a signif-

icant impact on pivotal neonatal outcomes, such as gesta-
tional age, cesarean section and birthweight in the singleton
group (p < 0.01). When focusing on twin births, Monozy-
gotic twins displayed a significantly reduced gestational age
(34.83 ± 2.89 vs 35.90 ± 2.04, p/MD/95% CI <0.01/–
1.07/–1.82–0.32) and birthweight (2225.00 ± 492.20 vs
2481.52± 403.21, p/MD/95%CI<0.01/–256.53/–402.04–
111.03) in comparison to their dizygotic counterparts. Con-
currently, monozygotic twins manifested an elevated in-
cidence of both preterm birth rate (76.47% vs 56.94%,
p/OR/95% CI = 0.03/2.46/1.08–5.58) and low birthweight
rate (66.18% vs 44.34%, p/OR/95% CI <0.01/2.45/1.45–
4.15). Remarkably, an intriguing pattern emerged concern-
ing the sex ratio across different blastocyst quality classi-
fications. The good-quality blastocyst groups (groups G
and GG) (1.34, 1436/1073) exhibited the highest sex ra-
tio, followed by the moderate-quality blastocyst group (GP)
(1.17, 350/298) and poor-quality blastocyst groups (groups
P and PP) (1.00, 240/239). A statistically significant dis-
crepancy was discerned between the sex ratios of good-
quality and poor-quality blastocyst groups (p/OR/95% CI
<0.01/1.33/1.10–1.62).

4. Discussion
Pertaining to the total age group under study, group G

exhibited the highest IR, the lowest MPR, and analogous
CPR, AR, and LBR when compared to other cohorts em-
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Table 4. Pregnancy outcomes of live born singletons and twins.

Characteristics
Singleton Twin

p OR/MD (95% CI)
(n = 2876) (n = 380)

Gestational age (weeks) 38.5 ± 1.7 35.8 ± 2.15 <0.01 2.66 (2.43–2.88)
<32 0.8% (24) 4.2% (16) <0.01 0.19 (0.10–0.36)
<37 8.2% (236) 58.7% (223) <0.01 0.06 (0.05–0.08)
≥37 91.8% (2640) 41.3% (157) <0.01 15.89 (12.45–20.28)

Birthweight (g) 3276.9 ± 484.0 2458.57 ± 417.69 <0.01 818.38 (772.70–864.05)
<1500 0.6% (18) 2.8% (21) <0.01 0.22 (0.12–0.42)
<2500 4.6% (133) 46.3% (352) <0.01 0.06 (0.05–0.07)
≥2500 95.4% (2743) 53.7% (408) <0.01 17.79 (14.21–22.28)

Cesarean section 61.9% (1779) 94.5% (359) <0.01 0.10 (0.06–0.15)
Sex ratio (male/female) 1.3 (1613/1263) 1.2 (413/347) 0.39 1.07 (0.91–1.26)
Congenital malformations 1.4 % (40) 1.7% (13) 0.50 0.81 (0.43–1.52)
Note: MD, mean difference.

Table 5. Pregnancy outcomes of live born singletons and twins in different blastocyst transfer groups.
Characteristics G GG GP PP P p

Gestational age
(weeks)

S 38.6 ± 1.6 38.2 ± 1.7 38.2 ± 2.1 38.3 ± 1.8 38.0 ± 1.8 <0.01
T 34.9 ± 3.0 35.8 ± 2.1 35.8 ± 2.0 36.2 ± 2.0 34.5 ± 0.7 0.06

<37 weeks
S 7.0% (144/2050) 14.5% (19/131) 9.6% (35/364) 10.8% (25/232) 13.1% (13/99) <0.01
T 75.0% (24/32) 61.4% (81/132) 57.8% (82/142) 47.2% (34/72) 100.0% (2/2) 0.05

Cesarean section
S 59.4% (1217/2050) 67.9% (89/131) 65.7% (239/364) 68.1% (158/232) 76.8% (76/99) <0.01
T 87.5% (28/32) 94.7% (125/132) 95.1% (135/142) 95.8% (69/72) 100.0% (2/2) 0.44

Birthweight (g)
S 3296.3 ± 468.5 3223.7 ± 489.3 3247.8 ± 539.0 3225.5 ± 494.49 3173.8 ± 529.5 0.01
T 2230.5 ± 506.0 2469.7 ± 370.2 2499.0 ± 399.8 2468.9 ± 467.7 2137.5 ± 123.7 0.02

Birthweight <2500
S 4.1% (84/2050) 8.4% (11/131) 4.9% (18/364) 4.7% (11/232) 9.1% (9/99) 0.04
T 64.1% (41/64) 43.9% (116/264) 45.8% (130/284) 42.4% (61/144) 100.0% (4/4) 0.01

Sex ratio
(male/female)

S 1.33 (1171/879) 1.43 (77/54) 1.19 (198/166) 1.02 (117/115) 1.02 (50/49) 0.20
T 1.06 (33/31) 1.42 (155/109) 1.15 (152/132) 0.92 (69/75) 4.00 (4/0) 0.09

Sex ratio
(male/female)

Total 1.34 (1436/1073) 1.17 (350/298) 1.00 (240/239) 0.01

Congenital
malformations

S 1.3% (27/2050) 0.0% (0/131) 2.2% (8/364) 1.7% (4/232) 1.0% (1/99) 0.41
T 4.7% (3/64) 0.8% (2/264) 2.1% (6/284) 1.4% (2/144) 0.0% (0/4) 0.20

Note: S, singleton; T, twin. The differences of gestational age, cesarean section rate, birthweight, preterm labor rate and low birthweight
rate were significant (p < 0.01), when group singleton vs twin is in the same embryo transfer group.

ploying good-quality blastocysts. Likewise, group P had a
higher IR, lower MPR, and similar CPR, AR and LBR in
relation to group PP, which is in consonance with previous
studies [11–14]. In regard to double blastocyst transfer, the
MPR of groups GG, GP and PP were 56.8%, 36.3% and
29.6%, respectively. Importantly, these trends across di-
verse age subgroups were consistent with those observed in
the total age group. Consequently, the obtained results indi-
cated that single blastocyst transfer appeared to be an effica-
cious strategy for minimizing MPR while achieving favor-
able LBR. The logistic regression analysis further accentu-
ated that maternal age and transferred blastocysts were fac-
tors significantly correlated with LBR. Specifically, within
the age group of <35, the MPRs for groups GG, GP, and
PP were 67.4%, 41.0% and 34.2%, respectively. Hence,

our findings implicitly advocate for the utilization of single
blastocyst transfer strategies over their double blastocyst
counterparts, particularly for younger patients. Notably,
our analyses also revealed that increasing the number of
transferred blastocysts of the same grade did not engender a
substantial elevation in CPR and LBR but did significantly
increase MPR. The results were similar to those of previous
studies [12,15,16]. One limitation that merits acknowledg-
ment is that our study classified blastocyst quality only di-
chotomously, potentially introducing variance within qual-
ity levels that could have nuanced implications for preg-
nancy outcomes.

Pregnancy is often conceptualized as a nuanced inter-
play, mediated by localized secretion of key factors, be-
tween a developmentally competent embryo and a recep-
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tive endometrium. Existing research posits that decidual-
ized human endometrial stromal cells possess the ability to
selectively identify developmentally impaired embryos and
respond by inhibiting the secretion of key implantation me-
diators such as Interleukin-1β (IL-1β) and heparin-binding
EGF-like growth factor (HB-EGF), as well as immunomod-
ulators including IL-5, -6, -10, -11, -17, and eotaxin [17].
Impaired embryos elicited an endoplasmic stress response
in human decidual cells. Conversely, signals originating
from developmentally competent embryos activated a fo-
cused gene network enriched in metabolic enzymes and im-
plantation factors [18]. Moreover, high-quality embryos
have been observed to incite transient, oscillatory Ca21
fluxes, whereas low-quality embryos induce an elevated
and prolonged Ca21 response [18]. These dichotomous
mechanisms may contribute to diminished IR among poor-
quality blastocysts. This inhibitory phenomenon might be
cumulative, thereby further depressing the IR when two
low-quality blastocysts were transferred simultaneously. A
solitary good-quality blastocyst has been noted to yield a
higher IR compared to the transfer of two such blastocysts,
potentially due to insufficient secretion of critical implan-
tation factors in the latter scenario. Our observations with
regard to IRs in age groups <35 and 35–39, as well as the
broader patient demographic, echo existing literature, indi-
cated that a reduced IR for GP (one good-quality and one
poor-quality blastocyst) might be attributed to biochemi-
cal reactions that obstructed the implantation of the lower-
quality blastocyst, consequently affecting the implantation
potential of its higher-quality blastocyst [12,14]. Moreover,
our data showed credence to the hypothesis that competi-
tive interactions might exist between co-transferred blasto-
cysts, manifesting as compromised IR for double blastocyst
transfers. Previous findings had demonstrated that IRs were
high in the following order: single good embryo, double
good embryos, one good embryo with a poor embryo, sin-
gle bad embryo and double bad embryos [14]. Blastocyst
score and proportion of top-scoring blastocyst affected im-
plantation, and the degree of blastocoele re-expansion have
been affirmed as potent predictors of live birth outcomes in
warmed single blastocyst transfer cycles [10,19], corrobo-
rating the findings of our study.

Multiple pregnancy is considered the most significant
adverse event associated with ART and linked to an in-
creased risk of maternal and neonatal morbidity. The results
indicated that single blastocyst transfer had a lower MPR
(2.6% vs 39.3%, p/OR/95% CI <0.01/0.04/0.03–0.05),
AR (16.8% vs 19.1%, p/OR/95% CI = 0.07/0.85/0.72–
1.01), cesarean section rate (60.6% vs 76.0%, p/OR/95%
CI <0.01/0.49/0.41–0.57), preterm labor rate (8.4% vs
25.7%, p/OR/95% CI <0.01/0.26/0.22–0.32) and ec-
topic pregnancy rate (0.38% vs 1.81%, p/OR/95% CI
<0.01/0.21/0.10–0.44) than two blastocyst transfer, while
the singleton group had a higher average gestational age
and birthweight as well as a lower birthweight rate. Im-

portantly, LBR were observed to be statistically analogous
between single and double blastocyst transfers, irrespec-
tive of blastocyst quality categorizations. Consequently,
the implementation of single blastocyst transfer strategies
is advocated as a potent measure for mitigating the associ-
ated morbidity risks intrinsic to multiple pregnancies. In-
triguingly, our study delineated distinct health markers be-
tween monozygotic and dizygotic twins. The former had a
lower gestational age and birthweight in conjunction with a
higher preterm birth rate and low birthweight rate. There-
fore, monozygotic twins deservedmore attention in the con-
text of ART treatments.

In vitro culture has been shown to induce precocious
X-chromosome inactivation, and intracytoplasmic sperm
injection (ICSI) is implicated in reducing the number of tro-
phectoderm cells in female blastocysts [20]. Sex ratio was
significantly higher toward males in the transfer of blasto-
cyst compared to transfer of cleavage stage embryo [20–
23]. Our data further substantiate a significant positive cor-
relation between sex ratio (male/female) and the proportion
of good-quality blastocysts transferred. As, the practice of
blastocyst culture and selective single good-quality blasto-
cyst transfer gains scholarly endorsement [6,12,24], the po-
tential for such strategies to engender imbalances in neona-
tal sex ratios remains an emergent area requiring further re-
search.

5. Conclusions
Our empirical analyses confirm the efficacy of sin-

gle blastocyst transfer as an optimal strategy for signif-
icantly attenuating MPR while ensuring favorable preg-
nancy and birth outcomes. Nonetheless, it should be noted
that this strategy may engender a skewed sex ratio among
the neonates. Furthermore, the distinct health metrics of
monozygotic twins deserve more attention in the context of
ART treatments.
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