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Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong, China
Purpose: To investigate the impact of storage duration after vitrification of

cleavage-stage embryos on pregnancy and perinatal outcomes.

Methods: A retrospective study was conducted on 4205 infertile patients

underwent frozen-thawed embryo transfer (FET) between January 2020 and

January 2025, categorized by post-vitrification storage duration of their embryo:

G1 (<3 months, n = 2,208), G2 (3–6 months, n = 1,232), G3 (6–12 months, n =

399), and G4 (>12 months, n = 366). Multivariate logistic and linear regression

analyses were used to determine independent effects of storage duration on

pregnancy and perinatal outcomes among groups. Propensity score matching

was employed to control confounders, including age, infertility duration, type,

and etiology.

Results: Regarding pregnancy outcomes, live birth rate significantly decreased

with storage duration (using G1 as reference; G2: adjusted odds ratio [aOR] =

0.82, 95% CI [0.707-0.952], similarly hereinafter; G3: 0.743, 0.579-0.954; G4:

0.624, 0.476-0.818). The miscarriage rate significantly increased with increasing

storage duration beyond 6 months (G2: 1.268, 0.967-1.663; G3: 1.652, 1.085-

2.515; G4: 1.674, 1.06-2.643). Biochemical pregnancy (G2: 0.883, 0.764-1.02; G3:

0.848, 0.669-1.075; G4: 0.705, 0.547-0.91) and clinical pregnancy rates (G2:

0.885, 0.766-1.022; G3: 0.848, 0.669-1.075; G4: 0.715, 0.554-0.922) significantly

decreased with increasing storage duration beyond 12 months. Regarding

perinatal outcomes, gestational age significantly decreased with increasing

storage duration beyond 6 months (G1 as reference; G2: P = 0.128; G3:

P = 0.023; G4: P = 0.008).

Conclusion: Overall, prolonged storage duration of vitrified cleavage-stage

embryos negatively correlates with pregnancy and perinatal outcomes,

particularly after 6 or 12 months.

KEYWORDS

clinical outcomes, embryo vitrification, frozen-thawed embryo transfer, propensity
score matching, storage duration
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1 Introduction

Embryo cryopreservation is one of the most influential

procedures in assisted reproductive technology (ART), and the

choice of embryonic stage for cryopreservation significantly

affects clinical pregnancy outcomes. Currently, embryonic

stage for cryopreservation in clinical is divided into cleavage

stage and blastocyst stage. Among these two stages, cleavage-

stage embryos exhibit clear developmental potential and is

considered preferable for cryopreservation (1). The cleavage

stage embryos represent an early phase of development

characterized by several mitotic divisions of the fertilized egg,

resulting in an increase in cell number while the total volume

remains unchanged (2). The spherical and uniformly sized cells

with clear cytoplasm and low fragmentation at cleavage stage

meets the criteria for a morphologically “high-quality embryo”

(3). Based on these criteria, cleavage stage cryopreservation in

ART not only allows for accurate morphological scoring but also

effective selection of high-quality embryos. Therefore, the

cleavage stage has been considered as the optimal window for

cryopreservation with extensive clinical application and

considerable data for investigating the influence of storage

duration on embryonic development and clinical pregnancy

outcomes (4).

Embryo cryopreservat ion technology involves the

programmed freezing of embryos to the temperature of liquid

nitrogen (−196 °C) to achieve embryo preservation for ART (5).

Over four decades, the technology has progressed from slow

freezing to widely adopted vitrification (VF) method (6). VF

method uses high-concentration cryoprotectants and ultra-rapid

cooling, converting both intra- and extracellular fluids directly

into a glass-like state without ice crystal formation (7). Compared

with slow freezing method, VF markedly improves post-thaw

survival and pregnancy outcomes, with procedural simplicity

and increased applification (8). Currently, standardized VF

protocols and stable techniques have been well established.

Despite these advantages, the long-term safety of embryos

cryoprotectant concerns persist as a focus of clinical attention

and discussion due to the exposure to high cryoprotectant

concentrations and liquid nitrogen (9). However, evidence for

storage duration influence on maternal or neonatal outcomes

remains limited and inconsistent. Some studies report reduced

pregnancy rates with longer storage (10), while others find no

significant effect (11–14). Potential cytotoxicity and epigenetic

effects require further evaluation (15).

Herein, utilizing multi-group propensity score matching (PSM),

we analyze the association between storage duration of vitrified

cleavage-stage embryos and clinical and perinatal outcomes. We

conducted a retrospective study of vitrified-warmed cleavage-stage

embryos at our center from January 2020 to January 2025. The

purpose is to support embryo bank management and clinical

decision-making and to promote standardized ART practice. This

study clarifies the impact of VF storage time on pregnancy and

perinatal outcomes and provides improved references for

clinical practice.
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2 Materials and methods

2.1 Study population

We retrospectively analyzed data from 5,234 frozen-thawed

embryo transfer (FET) cycles performed at our center between

January 2020 and January 2025. The study included cycles with day-

3 cleavage-stage embryo transfer and at least one viable embryo

after thawing. Cycles involving blastocyst transfers (n = 760),

parental chromosomal abnormalities (n = 29), uterine anomalies

(n = 46), endocrine disorders (including diabetes, hypertension, and

thyroid disease) (n = 62), and those with incomplete primary

outcome data (n = 132) were excluded.

A total of 4,205 eligible FET cycles were categorized by post-VF

storage duration into four groups: Group 1 (<3 months, n = 2,208),

Group 2 (3–6 months, n = 1,232), Group 3 (6–12 months, n = 399),

and Group 4 (>12 months, n = 366). The patient selection process is

detailed in Figure 1. This study was approved by the Institutional

Review Board of our hospital (Approval No.: 2024-153) and

registered with the Chinese Clinical Trial Registry (Registration

No.: ChiCTR2400094796).

2.2 Endometrial preparation protocols

Hormone replacement therapy (HRT) cycles were used for

patients with irregular menstrual cycles. Estrogen supplementation

began on days 3–5 of the menstrual cycle, using either a fixed or a

gradually increasing dosage. Embryo transfer was scheduled once

estradiol levels exceeded 200 pg/mL and endometrial thickness

reached ≥7 mm. Subsequently, human chorionic gonadotropin

(hCG, 2000 IU) was administered. Progesterone supplementation

was initiated the following day to initiate endometrial transformation.

FET was performed on the fourth day of progesterone treatment.

Natural cycles were selected for patients with regular ovulation.

Transvaginal ultrasound monitoring commenced from days 10–12 of

the menstrual cycle to assess follicular growth and endometrial

thickness. Upon confirming dominant follicle maturity and optimal

endometrial conditions, ovulation was triggered with either hCG (4000

IU) or a gonadotropin-releasing hormone agonist (GnRH-a, 0.2 mg).

Progesterone supplementation began two days later, and FET was

conducted on the third day of progesterone administration.

Mild stimulation cycles were suitable for selected patients with

mild ovulatory disorders who preferred an endometrial

environment similar to a natural cycle. Oral ovulation-inducing

medications were initiated on days 3–5 of menstruation to stimulate

single follicle development and support endometrial growth.

Ultrasound monitoring was performed to confirm follicular

maturation and an endometrial thickness ≥7 mm. Ovulation was

then induced with hCG or GnRH-a, and embryo transfer was

performed three days after ovulation.

2.3 VF and thawing

VF was performed with a commercial kit (VT101, Kitazato)

according to the manufacturer’s guidelines. Briefly, embryos were
frontiersin.org
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first equilibrated in an Equilibrium Solution for 12–15 minutes.

Next, embryos were transferred to a Vitrification Solution (VS) for

45–60 seconds. Finally, embryos were loaded onto a Cryotop tip

with a minimal volume of VS and rapidly plunged into liquid

nitrogen for storage.

Embryo thawing was conducted using a warming kit (VT102,

Kitazato Corporation). Briefly, embryos on the Cryotop were

immediately immersed in a Thawing Solution (TS) for 1 minute.

Embryos were then transferred to a Dilution Solution (DS) for 3

minutes, followed by washing in Washing Solution 1 (WS1) for 5

minutes. Subsequently, embryos were placed in Washing Solution 2

(WS2) for 5 minutes. Finally, embryos were transferred into culture

medium and incubated for at least 3 hours before transfer.

2.4 Outcome measures and assessments

Baseline patient characteristics analyzed included age, body

mass index (BMI), infertility duration, type and cause of

infertility, basal follicle-stimulating hormone (bFSH) and basal

luteinizing hormone (bLH) levels, number of prior implantation

failures, number of embryos transferred, number of high-quality

embryos, and endometrial preparation protocol. Embryo grading

on day 3 of culture followed the Istanbul consensus (16). Grade I

embryos were categorized as high-quality. Embryos graded I–III

were considered transferable and cryopreserved.

Primary outcomes included clinical pregnancy rate (CPR) and

live birth rate (LBR). Secondary outcomes encompassed
Frontiers in Endocrinology 03
biochemical pregnancy rate (BPR), multiple pregnancy rate,

ectopic pregnancy rate, miscarriage rate, and perinatal outcomes.

Clinical pregnancy was confirmed by ultrasound detection of a

gestational sac approximately five weeks after embryo transfer. Live

birth was defined as the delivery of a live infant after 28 gestational

weeks. Biochemical pregnancy was identified by a positive serum

hCG (≥25 IU/L) test performed 14 days after embryo transfer.

Multiple pregnancy was confirmed by the ultrasound observation of

more than one intrauterine gestational sac. Ectopic pregnancy was

confirmed by ultrasound or laparoscopy, identifying at least one

gestational sac outside the uterine cavity. Miscarriage was defined as

the loss of fetal cardiac activity prior to 20 weeks’ gestation.

Perinatal outcomes were assessed only in women delivering

singletons. These outcomes included gestational age, preterm

birth (<37 weeks), early preterm birth (<32 weeks), birth weight,

small for gestational age (SGA), appropriate for gestational age

(AGA), large for gestational age (LGA), mode of delivery, and

neonatal sex. Classification of SGA and LGA followed Chinese

population-based birth weight references (17). Birth weights below

the 10th percentile were considered SGA, while those above the

90th percentile indicated LGA. AGA infants had birth weights

between the 10th and 90th percentiles.

2.5 Statistical analysis

Statistical analyses were conducted using SPSS (version 26.0).

Continuous variables were tested for normality using histograms
FIGURE 1

Flowchart illustrating patient selection and PSM.
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and the Shapiro-Wilk test. Normally or approximately normally

distributed data were expressed as mean ± standard deviation (SD)

and analyzed using one-way ANOVA. Non-normally distributed

data were presented as median (P25, P75) and analyzed using the

Kruskal-Wallis test. Categorical variables were expressed as

frequency (percentage) and analyzed using the Pearson chi-square

test. Statistical significance was defined as P ≤ 0.05.

PSM was applied to minimize baseline differences among

groups, fully utilizing available data. Matching covariates included

patient age, infertility duration, infertility type and cause,

endometrial preparation protocol, number of prior embryo

transfer failures, BMI, bFSH, bLH, endometrial thickness on

transfer day, number of embryos transferred, and number of

high-quality embryos transferred.

Briefly, the propensity scores for each sample were estimated

using the mnps function, allowing calculation of the average

treatment effect (ATE) and the average weights and sample size

for each group. Data were categorized into distinct groups

and sorted by weight in descending order. Subsequently, based

on respective sample sizes, the corresponding number of

samples with the highest weights was selected from each group.

After PSM, these selected samples were merged to form a

matched dataset.

PSM analyses were performed using SPSS 26.0, R software

(version 4.0.4; http://www.R-project.org, The R Foundation), and

Statsape software (version BS2.0). Logistic regression models were

further applied to evaluate the impact of storage duration on

pregnancy and perinatal outcomes.

Furthermore, to ensure the robustness of our findings

and address potential concerns regarding the PSM approach,

a sensi t iv ity analys is was conducted. We performed

multivariable logistic and linear regression analyses on the

entire original unmatched cohort (N = 4205). These

comprehensive models adjusted for a wide range of clinically

relevant covariates, including female age, BMI, infertility

duration, infertility type, cause of infertility, bFSH, bLH,

number of previous implantation failures, number of embryos

transferred, number of good-quality embryos, and endometrial

preparation regimen.
Frontiers in Endocrinology 04
3 Results

Initially, this study included 5,234 FET cycles (G1: 2,208 cycles;

G2: 1,232 cycles; G3: 399 cycles; G4: 366 cycles). After multi-group

PSM, the final matched cohort comprised 2,172 cycles in G1, 1,188

in G2, 330 in G3, and 288 in G4 (Figure 2). The standardized mean

differences (SMDs) for all covariates before and after matching are

displayed in Figure 3.

3.1 Baseline characteristics before and
after PSM

Table 1 summarizes the baseline characteristics across groups

before and after PSM. Before matching, significant differences

existed for several covariates, including infertility duration

(P = 0.007), infertility causes (P = 0.001), and bFSH levels

(P = 0.017). After matching, baseline characteristics were

adequately balanced among groups. Most differences became

negligible and statistically non-significant (P > 0.05), except for

the number of high-quality embryos transferred (P = 0.024).
FIGURE 2

Flowchart of the study cohort before and after matching.
FIGURE 3

Comparison of SMDs before and after matching.
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3.2 Pregnancy outcomes

Given the significant baseline imbalances prior to PSM, the

initial outcome comparisons were considered confounded. After

adjusting for confounding factors through PSM, intergroup

differences substantially changed. Table 2 illustrates pregnancy

outcomes for FET cycles stratified by storage duration. The BPR,

CPR, and LBR all declined with increasing storage time. Specifically,

BPR was 48.53% for storage durations under three months,

decreasing to 40.28% for durations exceeding twelve months.

CPR declined from 48.20% in G1 to 40.28% in G4. Similarly, LBR

dropped from 39.46% in G1 to 29.17% in G4. Conversely, the

miscarriage rates increased from 15.95% in G1 to 24.14% in G4.

Given residual covariate imbalance post-PSM, multivariate

logistic regression analyses were performed (Table 3). Results

indicated that prolonged embryo storage was independently

associated with lower BPR, CPR, and LBR, even after adjusting

for the number of high-quality embryos transferred. LBR

significantly decreased when storage durations exceeded three

months, whereas significant reductions in BPR and CPR were

observed only after storage exceeded twelve months. Conversely,

miscarriage rates significantly increased after six months of

embryo storage.

To further validate these findings, a sensitivity analysis using

multivariable logistic regression on the entire unmatched cohort

(N = 4205) was performed, adjusting for comprehensive baseline

characteristics including maternal age, previous implantation

failures, and endometrial preparation method. The results

remained consistent with the PSM analysis, confirming that

prolonged storage duration is independently associated with

poorer pregnancy outcomes (Supplementary Table 1).

3.3 Perinatal outcomes

Perinatal outcomes were analyzed exclusively in women who

delivered singletons, resulting in 1,157 cycles available for

comparison. Significant baseline differences existed before PSM.

Therefore, the initial perinatal outcome comparisons were

potentially biased. After adjusting for baseline confounders,

intergroup differences notably changed (Table 4). Prolonged

storage significantly decreased neonatal gestational age, with

median gestational age declining from 38 weeks in G1 to 37

weeks in G4.

Residual covariate imbalance after PSM required further

adjustment through multivariate logistic and linear regression

analyses. Unadjusted and adjusted results are presented in

Tables 5, 6. Our analysis revealed neonatal gestational age

decreased significantly after embryo storage surpassed six months.

This association remained significant even after adjusting for the

number of high-quality embryos transferred.

Similarly, the sensitivity analysis on the unmatched cohort

supported the post-PSM findings, showing a consistent trend
Frontiers in Endocrinology 05
regarding perinatal outcomes, particularly the reduction in

gestational age with prolonged storage (Supplementary Tables 2, 3).
4 Discussion

This study included 4,205 FET cycles that met the inclusion

criteria. To minimize potential confounding, we employed multi-

group PSM. The final analysis comprised 3,978 cycles for pregnancy

outcomes and 1,157 for perinatal outcomes. After adjustment, we

found that prolonged storage was associated with a significant

decline in LBR after three months, an increase in miscarriage rate

after six months, and a reduction in BPR and CPR beyond twelve

months. Furthermore, neonatal gestational age was significantly

shorter when storage exceeded six months.

VF is now a cornerstone of ART, and the techniques for embryo

cryopreservation have advanced considerably. With the increasing

utilization of frozen cycles and extended storage durations, concerns

regarding the long-term safety of VF have garnered significant

attention. Existing literature on prolonged embryo storage presents

conflicting results. Animal studies by Mozdarani et al. reported

decreased survival rates and increased chromosomal abnormalities

in mouse embryos with extended storage durations (18).

Conversely, other animal studies found no significant effects of

VF storage duration on embryo survival, pregnancy outcomes, or

LBRs (19–22). In human studies, early research by Testart et al.

indicated decreased embryo survival after several months of

storage (23).

In contrast, a retrospective study by Riggs et al. concluded that

storage time did not influence survival rates in patients using

autologous or donor oocytes (11). Likewise, Liu et al. (13) and

Yuan et al. (24) observed no association between storage duration

and embryo survival. However, these earlier studies primarily relied

on slow-freezing methods, limiting the generalizability of their

findings to contemporary VF techniques.

Recent human studies on VF storage time also yield

inconsistent conclusions. Li et al. suggested that pregnancy and

neonatal outcomes were unaffected by storage duration (25).

However, substantial baseline differences and unadjusted

confounders in that study may compromise the reliability of its

conclusions. Ma et al. conducted a retrospective analysis of 2,938

vitrified blastocyst-transfer cycles (26). They reported no significant

adverse effects of extended storage on embryos or offspring.

Nevertheless, their study was restricted to single, high-quality

blastocyst transfers, which may limit its broader applicability. In

contrast, Zhan et al. found that storage beyond five years reduced

implantation and live birth rates in FET cycles involving high-

quality blastocysts (27). This finding is supported by Cui et al., who

observed significantly lower clinical pregnancy and live birth rates

after storage exceeding five years (28). Li et al. also reported that

long-term storage adversely affected pregnancy outcomes,
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TABLE 1 Baseline patient characteristics before and after PSM.

After PSM

P-value
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0.068
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94.24 (311/
330)

97.57 (281/288)
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Characteristics

Before PSM

P-value1
(N = 2208)

2
(N = 1232)

3
(N = 399)

4
(N = 366)

1
(N = 21

Storage time (months) 0-3 3-6 6-12 >12 0-3

Female age (year) 32(29,35) 32(29,35) 32(29,37) 32(29,36) 0.115 32(29,3

BMI (kg/m2) 23.1(20.8,25.68) 23(20.83,25.7) 23.3(21.3,25.7) 23(20.88,25.9) 0.689 23.1(20.8,2

Infertility duration (year) 3(2,4) 3(2,4) 3(2,5) 3(2,5) 0.007 3(2,4)

Infertility type (%, n) 0.726

Primary infertility
47.15 (1041/

2208)
47.81 (589/1232)

45.36 (181/
399)

45.08 (165/
366)

47.05 (10
2172)

Secondary infertility
52.85 (1167/

2208)
52.19 (643/1232)

54.64 (218/
399)

54.92 (201/
366)

52.95 (11
2172)

Cause of infertility
(%, n)

0.001

Tubal factor
69.52 (1535/

2208)
66.64 (821/1232)

68.92 (275/
399)

68.58 (251/
366)

69.57 (15
2172)

PCOS 14.63 (323/2208) 17.04 (210/1232) 14.28 (57/399) 16.12 (59/366) 14.55 (316/

Endometriosis 3.71 (82/2208) 3.08 (38/1232) 2.26 (9/399) 5.46 (20/366) 3.68 (80/2

Male 4.62 (102/2208) 3.41 (42/1232) 5.76 (23/399) 6.56 (24/366) 4.65 (101/2

Couple 6.29 (139/2208) 7.39 (91/1232) 6.77 (27/399) 2.19 (8/366) 6.31 (137/2

DOR 0.91 (20/2208) 1.87 (23/1232) 2.01 (8/399) 1.09 (4/366) 0.92 (20/2

Unknown 0.32 (7/2208) 0.57 (7/1232) 0 0 0.32 (7/21

bFSH (IU/L) 6.82(5.63,8.05) 6.90(5.65,8.15) 7.22(5.82,8.54) 7.13(5.68,8.09) 0.017 6.85(5.65,8

bLH (IU/L) 4.8(3.33,6.66) 4.99(3.52,6.67) 4.62(3.14,6.72) 4.62(3.23,6.15) 0.07 4.8(3.35,6

Number of implant failures (%, n) < 0.001

≤ 1
96.92 (2140/

2208)
96.02 (1183/

1232)
92.73 (370/

399)
85.79 (314/

366)
96.87 (21

2172)

≥ 2 3.08 (68/2208) 3.98 (49/1232) 7.27 (29/399) 14.21 (52/366) 3.13 (68/2

Number of embryos transferred
(%, n)

< 0.001

1
8.65

(191/2208)
10.71 (132/1232)

16.29
(65/399)

8.74
(32/366)

8.79 (191/2
5
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TABLE 1 Continued

SM

P-value

After PSM

P-value3
(N = 399)

4
(N = 366)

1
(N = 2172)

2
(N = 1188)

3
(N = 330)

4
(N = 288)

83.71 (334/
399)

91.26 (334/
366)

91.21 (1981/
2172)

89.48 (1063/
1188)

88.79 (293/
330)

90.97
(262/288)

< 0.001 0.024

45.61 (182/
399)

35.52 (130/
366)

37.38 (812/2172) 39.48 (469/1188)
43.33 (143/

330)
39.24

(113/288)

46.12 (184/
399)

41.26 (151/
366)

50.23 (1091/
2172)

47.98 (570/1188)
48.18 (159/

330)
43.75

(126/288)

8.27
(33/399)

23.22
(85/366)

12.39 (269/2172) 12.54 (149/1188)
8.49

(28/330)
17.01

(49/288)

0.683 0.458

35.34 (141/
399)

36.07 (132/
366)

35.31 (767/2172) 31.90 (379/1188)
33.64 (111/

330)
37.15

(107/288)

55.89 (223/
399)

56.28 (206/
366)

56.95 (1237/
2172)

59.34 (705/1188)
58.48 (193/

330)
54.52

(157/288)

8.77
(35/399)

7.65
(28/366)

7.74 (168/2172) 8.76 (104/1188)
7.88

(26/330)
8.33

(24/288)

, Diminished Ovarian Reserve; bFSH, basal follicle-stimulating hormone; bLH, basal luteinizing hormone.
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Characteristics

Before

1
(N = 2208)

2
(N = 1232)

2
91.35 (2017/

2208)
89.29 (1100/

1232)

Number of good-quality embryos (%, n)

0 37.09 (819/2208) 39.61 (488/1232)

1
50.54 (1116/

2208)
48.05 (592/1232)

2 12.37 (273/2208) 12.34 (152/1232)

Endometrial preparation regimen (%, n)

Natural cycle 35.19 (777/2208) 32.47 (400/1232)

Replacement cycle
57.02 (1259/

2208)
58.85 (725/1232)

Mild stimulation cycle
7.79

(172/2208)
8.68 (107/1232)

PSM, propensity score matching; BMI, body mass index; PCOS, Polycystic Ovary Syndrome; DOR
P
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TABLE 2 Comparison of pregnancy outcomes before and after PSM.

re PS After PSM P-value

)
1

(N = 2172)
2

(N = 1188)
3

(N = 330)
4

(N = 288)
P1 P2 P3

0-3 3-6 6-12 >12

48.53 (1054/
2172)

45.20 (537/
1188)

43.33 (143/
330)

40.28 (116/
288)

0.065 0.078 0.008

48.20 (1047/
2172)

44.95 (534/
1188)

43.03 (142/
330)

40.28 (116/
288)

0.071 0.079 0.011

2) 1.06 (23/2172) 1.52 (18/1188) 0.91 (3/330) 1.39 (4/288) 0.25 0.803 0.614

1) 2 5.95 (167/1047) 19.48 (104/534) 23.94 (34/142) 24.14 (28/116) 0.079 0.017 0.025

9.46 (857/2172)
34.68 (412/

1188)
31.82 (105/

330)
29.17 (84/288) 0.006 0.008 0.001

2) 2 24.62 (211/857) 28.16 (116/412) 20.95 (22/105) 13.10 (11/84) 0.178 0.408 0.018

mbryo

G4

OR 9
CI

OR 95%
CI

P-
value

Ba Standard
error

OR
OR 95%

CI
P-

value

0.764-1 0.669-1.075 0.173 -0.349 0.13 0.705 0.547-0.91 0.007

0.766-1 0.669-1.075 0.173 -0.336 0.13 0.715 0.554-0.922 0.01

0.776-2 0.26-2.92 0.823 0.274 0.546 1.316 0.451-3.836 0.615

0.967-1 1.085-2.515 0.019 0.515 0.233 1.674 1.06-2.643 0.027

0.707-0 0.579-0.954 0.02 -0.472 0.138 0.624 0.476-0.818 0.001

0.962-1 0.517-1.4 0.524 -0.817 0.335 0.442 0.229-0.852 0.015
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Outcomes

Bef

1
(N = 2208)

2
(N = 123

Storage time (months) 0-3 3-6

Biochemical pregnancy rate (%,
n)

48.69 (1075/
2208)

44.56 (549
1232)

Clinical pregnancy rate (%, n)
48.37 (1068/

2208)
43.91 (541

1232)

Ectopic pregnancy rate(%, n) 1.18 (26/2208) 1.38 (17/123

Pregnancy loss rate
(%, n)

15.82 (169/1068) 18.85 (102/5

Live birth rate (%, n) 39.54 (873/2208)
34.25 (422

1232)

Multiple pregnancy rate (%, n) 24.63 (215/873) 27.73 (117/4

P: G1 vs. G2 vs. G3 vs. G4, P1: G2 vs. G1, P2:G3 vs. G1, P3: G4 vs. G1
PSM, propensity score matching.

TABLE 3 aORs for pregnancy outcomes by duration of vitrified e

Outcomes

G2

Ba Standard
error

OR

Biochemical pregnancy
rate

-0.125 0.074 0.883

Clinical pregnancy rate -0.122 0.074 0.885

Ectopic pregnancy rate 0.367 0.317 1.444

Pregnancy loss rate 0.237 0.139 1.268

Live birth rate -0.198 0.076 0.82

Multiple pregnancy rate 0.229 0.137 1.257

aAdjusted for number of good-quality embryos.
o

2

/

/

4

/

2

P-value

3
= 399)

4
(N = 366)

P1 P2 P3

6-12 >12

2.86 (171/
399)

43.99 (161/
366)

0.02 0.032 0.096

2.61 (170/
399)

43.72 (160/
366)

0.012 0.034 0.099

00 (4/399) 1.64 (6/366) 0.609 0.763 0.46

.71 (42/170) 26.25 (42/160) 0.125 0.004 0.001 1

1.08 (124/
399)

30.60 (112/
366)

0.002 0.001 0.001 3

.58 (28/124) 12.50 (14/112) 0.232 0.619 0.004

orage.

G3

% P-
value

Ba Standard
error

OR

2 0.09 -0.165 0.121 0.848

22 0.097 -0.165 0.121 0.848

87 0.247 -0.138 0.617 0.871

63 0.087 0.502 0.214 1.652

52 0.009 -0.297 0.127 0.743

43 0.094 -0.162 0.254 0.851
M

(N

4

4

1.

4

3

2

st

5

.0

.0

.6

.6

.9

.6
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TABLE 4 Comparison of perinatal outcomes before and after PSM.

-value After PSM P-value

P2 P3
1

(N = 2172)
2

(N = 1188)
3

(N = 330)
4

(N = 288)
P1 P2 P3

0-3 3-6 6-12 >12

0.126 0.712 0.315 0.161 0.935

48.45
(313/646)

44.93
(133/296)

56.63
(47/83)

47.95
(35/73)

51.55
(333/646)

55.07
(163/296)

43.37
(36/83)

52.05
(38/73)

0.173 0.001
38

(37,39)
38

(37,39)
38

(36,39)
37

(36,38.5)
0.053 0.026 0.003

0.001 < 0.001
15.02

(97/646)
18.58

(55/296)
31.33
(26/83)

26.03
(19/73)

0.167 < 0.001 0.015

0.717 0.876
72.14

(466/646)
71.96

(213/296)
74.70
(62/83)

67.12
(49/73)

0.955 0.623 0.368

0.017 0.376
3400

(3100,3702.5)
3425

(3112.5,3790)
3280

(3000,3600)
3350

(3100,3685)
0.627 0.011 0.543

0.082 0.008
50

(50,51)
50

(50,51)
50

(49,51)
50

(49.5,50)
0.868 0.059 0.034

0.612 0.882 2.32 (15/646) 2.70 (8/296) 3.61 (3/83) 2.74 (2/73) 0.725 0.475 0.824

0.349 0.115 56.97 (368/646) 51.69 (153/296) 62.65 (52/83) 49.32 (36/73) 0.13 0.324 0.212

0.269 0.103
40.71

(263/646)
45.61

(135/296)
33.73
(28/83)

47.95
(35/73)

0.158 0.222 0.234

age.
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Outcomes

Before PSM P

1
(N = 2208)

2
(N = 1232)

3
(N = 399)

4
(N = 366)

P1

Storage time (months) 0-3 3-6 6-12 >12

Newborn gender(%,n) 0.286

Female
48.94

(322/658)
45.25

(138/305)
57.29
(55/96)

46.94
(46/98)

Male
51.06

(336/658)
54.75

(167/305)
42.71
(41/96)

53.06
(52/98)

Gestational age(weeks)
38

(37,39)
38

(37,39)
38

(36,39)
37

(36,38.25)
0.358

Preterm (<37weeks)
(%,n)

15.05
(99/658)

18.69
(57/305)

30.21
(29/96)

29.59
(29/98)

0.153

Cesarean section rate(%,
n)

72.19
(475/658)

72.46
(221/305)

73.96
(71/96)

71.43
(70/98)

0.93

Birth weight(g)
3400

(3100,3700)
3400

(3100,3800)
3300

(3000,3600)
3360

(3100,3627.5)
0.578

Birth length(cm)
50

(50,51)
50

(50,51)
50

(49,51)
50

(48,50)
0.947

SGA rate(%,n)
2.28

(15/658)
3.28

(10/305)
3.13
(3/96)

2.04 (2/98) 0.364

AGA rate(%,n)
57.45

(378/658)
50.82

(155/305)
62.50
(60/96)

48.98
(48/98)

0.054

LGA rate(%,n)
40.27

(265/658)
45.90

(140/305)
34.38
(33/96)

48.98
(48/98)

0.1

P: G1 vs. G2 vs. G3 vs. G4,P1: G2 vs. G1, P2:G3 vs. G1,P3:G4 vs. G1
PSM, propensity score matching; SGA, small for gestational age; AGA, appropriate for gestational age; LGA, large for gestational
<
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decreasing biochemical pregnancy, clinical pregnancy, and live

birth rates, although neonatal outcomes were comparable (10).

Most similar studies relied solely on multivariate regression

analyses. In contrast, PSM reduces selection bias and simplifies

statistical adjustment, making it particularly suitable for

observational research. Among studies employing PSM, most

compared only two storage groups, typically <1 year versus >5

years. In this context, our study is the first to apply multi-group

PSM specifically to vitrified cleavage-stage embryos in FET cycles.

Our findings thereby provide important additional evidence.

A primary concern in evaluating embryo storage duration is

confounding by indication, wherein delayed transfer merely reflects

underlying clinical challenges rather than the effect of storage time

itself. For instance, longer storage may reflect the need to treat

severe pelvic pathologies (e.g., endometriosis) or prior transfer

failures. However, our study rigorously addressed this bias

utilizing our comprehensive dataset. By employing multi-group

PSM, we successfully balanced key indicators of clinical complexity

across all groups, explicitly including the cause of infertility,

infertility duration, and the number of prior implantation failures

(Table 1). Furthermore, our sensitivity analysis on the unmatched

cohort, which comprehensively adjusted for these clinical variables,

yielded consistently poorer outcomes with extended storage.

Consequently, because the decline in clinical outcomes persists

even when comparing patients with similar baseline clinical

complexities, our data strongly suggest an independent

association with prolonged cryopreservation.

Theoretically, cellular biological activity and metabolism are

completely halted at the temperature of liquid nitrogen (-196 °C),

suggesting that storage duration itself should not directly impair

embryo viability through active metabolic processes. However, the

impact of the prolonged storage environment requires careful

consideration. In modern standardized IVF laboratories, physical

environmental fluctuations—such as transient temperature changes

from accessing liquid nitrogen tanks—are tightly controlled and

likely negligible. Instead, the primary concern within this storage

environment is chemical. Vitrified embryos are continuously

exposed to the extremely high concentrations of cryoprotectants

required for the vitrification process. We hypothesize that

prolonged exposure to this specific chemical environment

might exert undetected epigenetic or cytotoxic effects over long

periods, potentially disrupting early developmental processes

upon thawing. These potential long-term chemical impacts of

the storage environment on embryo integrity warrant further

molecular investigation.

Our results indicated a significant reduction in neonatal

gestational age when storage exceeded six months. Previous

studies evaluating perinatal outcomes reported a non-significant

trend toward increased risk of low birth weight with longer storage

after adjusting for confounders. Zhan et al. observed no significant

effects of VF storage duration on preterm birth, birth weight, or

sex ratio (27). However, they reported an increased proportion of

LGA and a decreased proportion of SGA infants with prolonged

storage. Mao et al. found no significant differences in birth weight,

height, or congenital anomalies associated with longer storage

times (29).
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In contrast, our study demonstrated a decline in gestational age

with prolonged storage. We detected no significant changes in LGA

or SGA proportions. Additionally, preterm birth rates did not

consistently rise with storage duration. Therefore, the primary

risk associated with prolonged storage might pertain to child

development, such as delayed physical growth. These potential

long-term impacts necessitate further follow-up (30). Overall,

long-term embryo storage did not demonstrate clear negative

effects on most perinatal outcomes, which provides reassuring

evidence regarding the safety of extended embryo storage.

Although this study was limited to cleavage-stage embryos, our

findings establish a relationship between longer storage and reduced

pregnancy rates alongside increased miscarriage rates. These results

may inform clinical decision-making and laboratory practices in

ART. Clinicians should consider storage duration when scheduling

embryo transfers. Future research should focus on elucidating the

mechanisms underlying the decline in outcomes and on refining VF

techniques. With the growing demand for fertility preservation,

concerns regarding the long-term safety of embryo storage have

become prominent. Our observation that extended storage

decreases LBRs and increases miscarriage rates provides crucial

risk-benefit information for patients postponing childbirth for

medical or personal reasons.

Furthermore, this retrospective study identified an association

between prolonged embryo storage and reduced gestational age.

Ensuring the safety of long-term VF requires extended follow-up

studies evaluating both physiological and psychological health in

offspring. As frozen embryo transfer becomes increasingly

prevalent, this research contributes valuable evidence regarding

the impact of storage duration on pregnancy outcomes.

Additionally, it offers new insights into discussions about

recommended upper limits for vitrified embryo storage.

This study has several limitations that should be explicitly

acknowledged. Primarily, its retrospective design inherently

makes it susceptible to selection bias and unmeasured

confounding. Although we utilized rigorous PSM and conducted

a comprehensive sensitivity analysis on the unmatched cohort to

adjust for known clinical variables (such as prior implantation

failures and endometrial preparation methods), we lacked detailed

data on the specific clinical, surgical, or personal reasons dictating

the delay in embryo transfer. Consequently, we cannot completely

rule out confounding by indication—specifically, the possibility that

embryos stored for longer periods belong to patients with more

complex, refractory reproductive challenges that independently

lower success rates. Future prospective studies incorporating

detailed patient timelines, reasons for transfer delay, and
Frontiers in Endocrinology 11
cumulative live birth rates are essential to definitively disentangle

the effect of storage time from underlying patient pathology.

Furthermore, as this study reflects the practices of a single center,

our findings warrant external validation in multicenter cohorts.
5 Conclusion

This retrospective analysis of 4,205 vitrified cleavage-stage

embryo transfer cycles revealed that prolonged cryopreservation

duration is associated with poorer pregnancy and perinatal

outcomes. Specifically, the LBR began to decline significantly

after storage exceeded 3 months, while the miscarriage rate

increased markedly beyond 6 months of storage. Moreover, both

BPR and CPR decreased significantly when storage extended

beyond 12 months. Additionally, storage for more than 6

months was correlated with a significant reduction in neonatal

gestational age. These findings suggest that, although VF has

become a routine procedure in assisted reproduction, long-term

storage may exert cumulative adverse effects on embryonic

potential. Storage duration should be considered in clinical

decision-making, and FET should be scheduled as early as

feasible. Future studies with larger sample sizes and longer

follow-up are warranted to validate the safety limits of storage

duration further and elucidate the underlying mechanisms.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

This study was approved by the Institutional Review Board of

Affiliated Hospital of Shandong University of Traditional Chinese

Medicine, Jinan, Shandong 250014, China(Approval No.: 2024-

153). The studies were conducted in accordance with the local

legislation and institutional requirements. The ethics committee/

institutional review board waived the requirement of written

informed consent for participation from the participants or the

participants’ legal guardians/next of kin because this study is a
TABLE 6 Adjusted coefficients for continuous perinatal outcomes by duration of vitrified embryo storage.

Outcomes
G2 G3 G4

Ba Standard error P-value Ba Standard error P-value Ba Standard error P-value
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clinical retrospective cohort study that utilizes medical records

obtained from previous clinical diagnoses and treatments. The

research objectives are important, and the risks to the subjects are

no greater than minimal risk.
Author contributions

YH: Investigation, Project administration, Data curation,

Methodology, Writing – original draft, Writing – review &

editing. QY: Validation, Project administration, Writing – original

draft. YZhao: Writing – review & editing, Data curation. YZhang:

Validation, Writing – review & editing. SD: Conceptualization,

Writing – review & editing, Funding acquisition, Writing – original

draft. HW: Conceptualization, Funding acquisition, Writing –

original draft, Validation, Writing – review & editing.
Funding

The author(s) declared that financial support was received for this

work and/or its publication. This study was supported by the Taishan

Scholars Project of Shandong Province (tsqn202103182), the National

Natural Science Foundation of China (82274573), the Shandong

Provincial Health Commission (Grant No. Lu Wei Han [2024] 488),

and the China Postdoctoral Science Foundation (2025M773938).
Acknowledgments

The authors thank the nurses and laboratory staff of the

Department of Assisted Reproduction, Affiliated Hospital of

Shandong University of Traditional Chinese Medicine for their

technical assistance.
Frontiers in Endocrinology 12
Conflict of interest

The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2026.1765681/

full#supplementary-material
References

1. Fan L, Li X, Shi J, Duan H. The time interval between laparoscopic tubal ligation and
frozen-thawed embryo transfer does not affect the reproductive outcomes. BMC
Pregnancy Childbirth. (2023) 23:564. doi: 10.1186/s12884-023-05880-3

2. Rodenfels J, Sartori P, Golfier S, Nagendra K, Neugebauer KM, Howard J.
Contribution of increasing plasma membrane to the energetic cost of early zebrafish
embryogenesis. Mol Biol Cell. (2020) 31:520–6. doi: 10.1091/mbc.E19-09-0529

3. Tan Y, Du B, Chen X, Chen M. Correlation of microRNA-31 with endometrial
receptivity in patients with repeated implantation failure of in vitro fertilization
and embryo transfer. Organogenesis . (2025) 21:2460263. doi: 10.1080/
15476278.2025.2460263

4. Sterckx J, Wouters K, Mateizel I, Segers I, De Vos A, Van Landuyt L, et al. Electronic
witnessing in the medically assisted reproduction laboratory: insights and
considerations after 10 years of use. Hum Reprod. (2023) 38:1529–37. doi: 10.1093/
humrep/dead115

5. Trounson A, Mohr L. Human pregnancy following cryopreservation, thawing and
transfer of an eight-cell embryo. Nature. (1983) 305:707–9. doi: 10.1038/305707a0

6. Xu C, Zhang C, Xu S, Ma J, Ran L. Bibliometric analysis of the links between
embryo transfer and endometrial receptivity: mapping knowledge landscapes
and emerging trends (2005–2024). Medicine. (2025) 104:e42014. doi: 10.1097/
MD.0000000000042014
7. Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubaldi FM, et al. Oocyte,
embryo and blastocyst cryopreservation in ART: systematic review and meta-analysis
comparing slow-freezing versus vitrification to produce evidence for the development
of global guidance. Hum Reprod Update. (2017) 23:139–55. doi: 10.1093/humupd/
dmw038

8. Nagy ZP, Shapiro D, Chang C-C. Vitrification of the human embryo: a more
efficient and safer in vitro fertilization treatment. Fertil Steril. (2020) 113:241–7.
doi: 10.1016/j.fertnstert.2019.12.009

9. Marin C, Garcia-Dominguez X, Montoro-Dasi L, Lorenzo-Rebenaque L, Vicente JS,
Marco-Jimenez F. Experimental evidence reveals both cross-infection and cross-
contamination risk of embryo storage in liquid nitrogen biobanks. Anim (Basel).
(2020) 10:598. doi: 10.3390/ani10040598

10. Li J, Yin M, Wang B, Lin J, Chen Q, Wang N, et al. The effect of storage time after
vitrification on pregnancy and neonatal outcomes among 24–698 patients following the
first embryo transfer cycles. Hum Reprod. (2020) 35:1675–84. doi: 10.1093/humrep/
deaa136

11. Riggs R, Mayer J, Dowling-Lacey D, Chi T-F, Jones E, Oehninger S. Does storage
time influence postthaw survival and pregnancy outcome? An analysis of 11,768
cryopreserved human embryos. Fertil Steril. (2010) 93:109–15. doi: 10.1016/
j.fertnstert.2008.09.084
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2026.1765681/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2026.1765681/full#supplementary-material
https://doi.org/10.1186/s12884-023-05880-3
https://doi.org/10.1091/mbc.E19-09-0529
https://doi.org/10.1080/15476278.2025.2460263
https://doi.org/10.1080/15476278.2025.2460263
https://doi.org/10.1093/humrep/dead115
https://doi.org/10.1093/humrep/dead115
https://doi.org/10.1038/305707a0
https://doi.org/10.1097/MD.0000000000042014
https://doi.org/10.1097/MD.0000000000042014
https://doi.org/10.1093/humupd/dmw038
https://doi.org/10.1093/humupd/dmw038
https://doi.org/10.1016/j.fertnstert.2019.12.009
https://doi.org/10.3390/ani10040598
https://doi.org/10.1093/humrep/deaa136
https://doi.org/10.1093/humrep/deaa136
https://doi.org/10.1016/j.fertnstert.2008.09.084
https://doi.org/10.1016/j.fertnstert.2008.09.084
https://doi.org/10.3389/fendo.2026.1765681
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Han et al. 10.3389/fendo.2026.1765681
12. Lattes K, Checa M, Vassena R, Brassesco M, Vernaeve V. There is no evidence that
the time from egg retrieval to embryo transfer affects live birth rates in a freeze-all
strategy. Hum Reprod. (2017) 32:368–74. doi: 10.1093/humrep/dew306

13. Liu Q, Lian Y, Huang J, Ren X, Li M, Lin S, et al. The safety of long-term
cryopreservation on slow-frozen early cleavage human embryos. J Assist Reprod Genet.
(2014) 31:471–5. doi: 10.1007/s10815-014-0197-0

14. Wirleitner B, Vanderzwalmen P, Bach M, Baramsai B, Neyer A, Schwerda D, et al.
The time aspect in storing vitrified blastocysts: its impact on survival rate, implantation
potential and babies born. Hum Reprod. (2013) 28:2950–7. doi: 10.1093/humrep/det361

15. Kopeika J, Thornhill A, Khalaf Y. The effect of cryopreservation on the genome of
gametes and embryos: principles of cryobiology and critical appraisal of the evidence.
Hum Reprod Update. (2015) 21:209–27. doi: 10.1093/humupd/dmu063

16. ALPHA Scientists In Reproductive Medicine and ESHRE Special Interest Group
Embryology. Istanbul consensus workshop on embryo assessment: proceedings of an
expert meeting. Reprod BioMed Online. (2011) 22:632–46. doi: 10.1016/j.rbmo.2011.02.001

17. Capital Institute of Pediatrics and Coordinating Study Group of Nine Cities on the
Physical. Coordinating study group of nine cities on the physical growth and
development of children. Zhonghua Er Ke Za Zhi. (2020) 58:738–46. doi: 10.3760/
cma.j.cn112140-20200316-00242

18. Mozdarani H, Moradi SZ. Effect of vitrification on viability and chromosome
abnormalities in 8-cell mouse embryos at various storage durations. Biol Res. (2007)
40:299–306. doi: 10.4067/S0716-97602007000400004

19. Eum JH, Park JK, Lee WS, Cha KR, Yoon TK, Lee DR. Long-term liquid nitrogen
vapor storage of mouse embryos cryopreserved using vitrification or slow cooling. Fertil
Steril. (2009) 91:1928–32. doi: 10.1016/j.fertnstert.2008.02.126

20. Graves-Herring JE, BooneWR. Blastocyst rate and live births from vitrification and
slow-cooled two-cell mouse embryos. Fertil Steril. (2009) 91:920–4. doi: 10.1016/
j.fertnstert.2007.12.045

21. Lavara R, Baselga M, Vicente J. Does storage time in LN2 influence survival and
pregnancy outcome of vitrified rabbit embryos? Theriogenology. (2011) 76:652–7.
doi: 10.1016/j.theriogenology.2011.03.018
Frontiers in Endocrinology 13
22. Sanchez-Osorio J, Cuello C, Gil M, Parrilla I, Almiñana C, Caballero I, et al. In vitro
postwarming viability of vitrified porcine embryos: effect of cryostorage length.
Theriogenology. (2010) 74:486–92. doi: 10.1016/j.theriogenology.2010.03.003

23. Testart J, Lassalle B, Forman R, Gazengel A, Belaisch-Allart J, Hazout A, et al.
Factors influencing the success rate of human embryo freezing in an in vitro
fertilization and embryo transfer program. Fertil Steril. (1987) 48:107–12.
doi: 10.1016/S0015-0282(16)59298-X

24. Yuan Y, Mai Q, Ma J, Deng M, Xu Y, Zhuang G, et al. What was the fate of human
embryos following long-term cryopreservation (≥12 years) and frozen embryo transfer?
Hum Reprod. (2019) 34:52–5. doi: 10.1093/humrep/dey350

25. Li X, Guo P, Blockeel C, Li X, Deng L, Yang J, et al. Storage duration of vitrified
embryos does not affect pregnancy and neonatal outcomes after frozen-thawed embryo
transfer. Front Endocrinol (Lausanne). (2023) 14:1148411. doi: 10.3389/
fendo.2023.1148411

26. Ma Y, Sun M, Wen T, Ding C, Liu L-W, Meng T, et al. Storage time does not
influence pregnancy and neonatal outcomes for first single vitrified high-quality
blastocyst transfer cycle. Reprod BioMed Online. (2023) 47:103254. doi: 10.1016/
j.rbmo.2023.06.009

27. Zhan S, Lin C, Lin Q, Gan J, Wang C, Luo Y, et al. Vitrification preservation of
good-quality blastocysts for more than 5 years reduces implantation and live birth
rates. Hum Reprod. (2024) 39:1960–8. doi: 10.1093/humrep/deae150

28. Cui M, Dong X, Lyu S, Zheng Y, Ai J. The impact of embryo storage time on
pregnancy and perinatal outcomes and the time limit of vitrification: a retrospective
cohort study. Front Endocrinol (Lausanne). (2021) 12:724853. doi: 10.3389/
fendo.2021.724853

29. Mao Y, Tang N, Luo Y, Yin P, Li L. Effects of vitrified cryopreservation duration on
IVF and neonatal outcomes. J Ovarian Res. (2022) 15:101. doi: 10.1186/s13048-022-
01035-8

30. Lee EJ, Lee SY. The effects of early-stage neurodevelopmental treatment on the
growth of premature infants in neonatal intensive care unit. J Exerc Rehabil. (2018)
14:523–9. doi: 10.12965/jer.1836214.107
frontiersin.org

https://doi.org/10.1093/humrep/dew306
https://doi.org/10.1007/s10815-014-0197-0
https://doi.org/10.1093/humrep/det361
https://doi.org/10.1093/humupd/dmu063
https://doi.org/10.1016/j.rbmo.2011.02.001
https://doi.org/10.3760/cma.j.cn112140-20200316-00242
https://doi.org/10.3760/cma.j.cn112140-20200316-00242
https://doi.org/10.4067/S0716-97602007000400004
https://doi.org/10.1016/j.fertnstert.2008.02.126
https://doi.org/10.1016/j.fertnstert.2007.12.045
https://doi.org/10.1016/j.fertnstert.2007.12.045
https://doi.org/10.1016/j.theriogenology.2011.03.018
https://doi.org/10.1016/j.theriogenology.2010.03.003
https://doi.org/10.1016/S0015-0282(16)59298-X
https://doi.org/10.1093/humrep/dey350
https://doi.org/10.3389/fendo.2023.1148411
https://doi.org/10.3389/fendo.2023.1148411
https://doi.org/10.1016/j.rbmo.2023.06.009
https://doi.org/10.1016/j.rbmo.2023.06.009
https://doi.org/10.1093/humrep/deae150
https://doi.org/10.3389/fendo.2021.724853
https://doi.org/10.3389/fendo.2021.724853
https://doi.org/10.1186/s13048-022-01035-8
https://doi.org/10.1186/s13048-022-01035-8
https://doi.org/10.12965/jer.1836214.107
https://doi.org/10.3389/fendo.2026.1765681
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Impact of post-vitrification storage duration on clinical outcomes of frozen-thawed cleavage-stage embryos transfer: a propensity score-matched retrospective cohort study
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Endometrial preparation protocols
	2.3 VF and thawing
	2.4 Outcome measures and assessments
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics before and after PSM
	3.2 Pregnancy outcomes
	3.3 Perinatal outcomes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


