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Objective: To assess the relationship between endometrial thickness (EMT) and live birth rates (LBRs) in fresh embryo transfer and

frozen embryo transfer (FET) with and without preimplantation genetic testing (PGT).

Design: Retrospective cohort study using the Society for Assisted Reproductive Technology Clinic Outcome Reporting System.
Subjects: Autologous in vitro fertilization fresh embryo transfer and FET cycles initiated in 2019-2020.

Exposure: Endometrial thickness measured in millimeters.
Main Outcome Measures: Live birth rate.

Results: A total of 244,001 embryo transfer cycles met the inclusion criteria (100,419 FET cycles with PGT, 96,249 FET cycles without
PGT, and 47,333 fresh embryo transfer cycles). An increase in EMT was associated with an increase in LBR among all cycle types until a
threshold of 9 mm, after which there was minimal increase in LBR. Before 9 mm, each 1-mm increase in EMT was associated with a
relative increase in the odds of live birth by 19% for FET with PGT (adjusted odds ratio [aOR], 1.19; 95% confidence interval [CI],
1.66-1.22), 13% for FET without PGT (aOR, 1.13;95% CI, 1.09-1.16), and 15% for fresh embryo transfer (aOR, 1.15; 95% CI, 1.09-1.20).
Conclusion: The LBR increased with an increase in EMT for fresh and frozen transfers with or without PGT until a threshold of 9 mm,
beyond which the LBR plateaued. There was no thickness above 9 mm associated with a decrease in LBR. (Fertil Steril® 2025;124:79-87.

©2025 by American Society for Reproductive Medicine.)
El resumen esta disponible en Espaiiol al final del articulo.
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of expected endometrial receptivity.
The impact of EMT is an area for
possible intervention to improve IVF

fertilization (IVF), the endometrium

I n patients undergoing in vitro
is routinely evaluated before em-

bryo transfer with an ultrasound mea- success; however, a minimal or
surement of the endometrial thickness maximum threshold remains
(EMT), which is often used as a marker controversial.
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Although a thin endometrial lining
has been associated with a decrease in
live birth rate (LBR) (1-6), a thickness
at which the birth rate declines or
plateaus has not been established.
When the endometrium is thin, the
functional layer is thin or absent,
allowing the embryo to implant closer
to the spiral arteries with higher
vascularity and inappropriately high
oxygen concentration of the basal
endometrium (7, 8). However, the data
on EMT in both fresh embryo transfer
and frozen embryo transfer (FET) are
inconsistent. Particularly, data on FET
remain limited, specifically frozen
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transfer of embryos screened with preimplantation genetic
testing (PGT) for aneuploidy (9). In addition to
inconsistencies in the literature, there is a lack of US data
with a large sample size.

The Society for Assisted Reproductive Technology (SART)
Clinic Outcome Reporting System (CORS) database contains
data from most assisted reproductive technology (ART) clinics
in the United States and provides treatment details for
research purposes (10). This study aimed to expand on current
knowledge with the use of a nationally representative popu-
lation to assess the relationship between EMT and LBR using
the SART CORS database. Frozen embryo transfer cycles with
and without PGT as well as fresh embryo transfer cycles were
analyzed. We hypothesized an initial positive correlation of
EMT with LBR and seek to determine if there is a threshold ef-
fect above which the LBR plateaus or declines.

MATERIALS AND METHODS

This study was reviewed and approved by the Johns Hopkins
Institutional Review Board (IRB00377324).

Study population

The data used for this study were obtained from the SART
CORS. Data were collected through voluntary submission,
verified by SART, and reported to the Centers for Disease Con-
trol and Prevention in compliance with the Fertility Clinic Suc-
cess Rate and Certification Act of 1992 (Public Law 102-493).
SART maintains Health Insurance Portability and Account-
ability Act-compliant business associate agreements with re-
porting clinics. In 2004, after a contract change with the
Centers for Disease Control and Prevention, SART gained ac-
cess to the SART CORS data system for the purposes of con-
ducting research. Over 90% of all ART cycles in the United
States are performed at SART member clinics. The SART annu-
ally selects up to 10 clinics, approximately 2.5% of SART
clinics, for an on-site validation visit using metrics and a
blinded selection process to identify outlier clinics. Medical re-
cords are reviewed during the validation visit to verify the
designation, outcome, and reporting of cycles. Clinics with sig-
nificant systematic reporting errors undergo data correction.
Six primary metrics and 26 secondary metrics are used for
clinic selection. The metrics include low prospective reporting
for both egg retrieval cycles and total cycles, high live birth
rates in the various age groups, low cancellation rate, high per-
centage of total fertility preservation cycles, high percentage of
embryo banking and oocyte banking cycles, high percentage
of fertility preservation cycles where oocytes were thawed or
embryos were transferred within a year, high percentage of
deleted cycles, high percentage of cycles converted from intra-
uterine insemination, and low percentage of cycles in which no
embryos were suitable for transfer with and without PGT.
SART does not validate the accuracy of data entry fields such
as gonadotropin dosage, number of oocytes retrieved, number
of fertilized oocytes, number of embryos cryopreserved, PGT
results, or demographic fields such age and diagnosis.

A proposal for the study was approved by the SART CORS
Research Committee before providing deidentified data.
Among initially requested data of a total of 586,239 cycles,

305,927 cycles represented autologous IVF fresh embryo
transfer and FET cycles in SART CORS from 2019 to 2020.
Embryo transfer cycles reported in 2021 with a linked autol-
ogous fresh or frozen IVF cycle start from 2019 to 2020 were
also included in the data set. Only cycles in which an embryo
transfer was performed were included. There were 9,223 cy-
cles cancelled due to inadequate EMT. Cycles with missing in-
formation on EMT (n = 26,665), cycle outcome (n = 883), and
PGT status (n = 33,780) were excluded. If the EMT was <1 or
=30 mm, the cycle was excluded due to concern for input er-
rors (n = 325). Cycles including a transfer of both fresh and
thawed embryos were excluded (n = 273). A flowchart of
study population selection is presented in Supplemental
Figure 1 (available online).

Measures

Exposure and outcome. The exposure of interest was the
EMT (continuous, measured in millimeter [mm]). Endometrial
thickness was recorded by individual clinics in SART CORS
with instructions to report the “most recent endometrial
thickness in mm.” The primary outcome was LBR (yes vs.
no), reported per embryo transfer. The LBR was analyzed for
all cycles and then stratified by cycle type (fresh vs. frozen
transfer) and PGT status for FET (yes vs. no).

Covariates. On the basis of existing literature (11-14), we
identified the following variables as the confounders that
were adjusted in the regression analyses: maternal
demographics (age at cycle start [continuous], race [White vs.
Black vs. Asian vs. Hispanic Latino vs. Other vs. multiracial/
multiethnicity], body mass index [BMI; normal, BMI of
18.50-24.99 kg/m?, vs. underweight, BMI of <18.49 kg/m?,
vs. overweight, BMI of 25.0-29.99 kg/mz, vs. obese, BMI of
>30 kg/m?], smoking [3 months before cycle start, no vs.
yes], and parity [nulligravida vs. nonnulligravida]) and IVF
cycle characteristics (cycle year [2019 vs. 2020 vs. 2021],
infertility diagnosis [male factor vs. diminished ovarian
reserve vs. polycystic ovary syndrome vs. endometriosis vs.
uterine factor vs. tubal factor vs. multiple diagnoses vs. other
vs. unexplained], ovarian stimulation protocol [no
stimulation vs. agonist flare only vs. agonist suppression
only vs. agonist flare and agonist suppression vs. agonist
flare and antagonist suppression vs. agonist suppression and
antagonist suppression], follicle-stimulating hormone [FSH]
dosage [continuous], number of retrieved oocytes [contin-
uous], and number of embryos transferred [continuous]). The
estradiol and progesterone levels are not included in SART
CORS data and, therefore, could not be included in the analysis.
Operationalization of all covariates in the regression model is
listed in Supplemental Table 1 (available online).

Statistical analysis

We first examined percentage of missingness on covariates
and observed the magnitudes ranged from minimal to moder-
ate on the following covariates: FSH dosage (0.02%); parity
(0.08%); infertility diagnosis (8.74%); maternal smoking
(10.62%); maternal BMI (11.80%); and maternal race
(29.05%). We next conducted imputation by Multiple
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Imputation by Chained Equations algorithm to address covar-
iate missing values. Specifically, missing values on contin-
uous, binary, categorical, and ordinal variables were
imputed by predictive mean matching, logistic, multinomial
logistic, and ordered logistic regression imputation methods,
respectively. We performed 20 iterations for the burn-in
period to obtain imputations, and a total of 50 imputed data
sets were generated for subsequent regression analyses. Stan-
dard errors of the regression parameter estimates and the P
values were computed using the Rubin rules (15).

We descriptively compared maternal demographics and
IVF cycle characteristics between the final analytic popula-
tion (n = 244,001) and the excluded population (n =
286,552) (Supplemental Table 2). The differed characteristics
(defined by P<.05) were employed in a stabilized inverse
probability weight computation, which was used in all logistic
regression analyses to account for possible selection bias of
our final analytic sample relative to the original study
population.

Maternal and IVF cycle characteristics in preimputed data
for the whole cohort and by EMT are shown within all cycles
in Table 1, fresh cycles in Supplemental Table 3, frozen cycles
without PGT in Supplemental Table 4, and frozen cycles with
PGT in Supplemental Table 5. We performed descriptive com-
parisons for these characteristics by an EMT of <9 vs. >9 mm
because this cutoff was used in the logistic regression
described in the following. The continuous variables were
compared by a Student’s f test or Wilcoxon rank sum test
contingent on distribution normality and equal variance.
The binary and categorical variables were compared using a
x? test or Fisher’s exact test as appropriate.

Logistic regression analyses were conducted within cy-
cle type (fresh vs. frozen cycles without PGT vs. frozen cycles
with PGT). We employed the restricted cubic spline method,
without covariate adjustment, to examine linearity assump-
tion between EMT (mm) and LBR among all cycles (Fig. 1)
and within fresh cycles (Supplemental Fig. 2), frozen cycles
without PGT (Supplemental Fig. 3), and frozen cycles with
PGT cycles (Supplemental Fig. 4). An EMT cutoff, or knot,
at 9 mm was chosen on the basis of the linearity assessment.
Endometrial thickness was operationalized as a continuous
variable, where we introduced a spline term with the cutoff
at 9 mm in the regression analyses to model the nonlinear
relationship. Association between EMT and LBR was then
evaluated by stabilized inverse probability weight-
weighted unadjusted and adjusted logistic regression as
described earlier. Given correlations among multiple cycles
from the same participant, we employed cluster-robust stan-
dard error estimation in the regression models. Odds ratios
(ORs) were calculated to quantify the association, interpreted
as the relative increase in the odds of live birth per 1-mm in-
crease in EMT before and after the cutoff of 9 mm. Regres-
sion models for fresh and frozen cycles were adjusted for
the same set of covariates listed in the covariates section,
except for ovarian stimulation protocol and FSH dosage,
which were adjusted for fresh but not for frozen cycles.
The associations were further evaluated by embryo develop-
mental stage (cleaved embryo vs. blastocyst transfer) for
non-PGT cycles.

Fertil Steril®

We conducted a series of sensitivity analyses to examine
the robustness of our main findings. Particularly, we analyzed
first transfer cycles (n = 163,538) to verify findings from the
main models where statistical algorithm was applied to ac-
count for correlations from multiple cycles within a partici-
pant. An additional analysis adjusted for maternal age at
embryo cryopreservation as a covariate for frozen transfers
rather than FET cycle start. Furthermore, we controlled for
recurrent pregnancy loss and removed smoking as a covariate
given the small proportion of smokers in the population.

Given the number of regression analyses, the Bonferroni
correction was used to redefine statistical significance. Using
this correction, two-sided P values of <.00625 (0.05/8) were
considered statistically significant, rather than .05. Statistical
analyses were conducted using Stata MP 18.0 (StataCorp LLC,
College Station, TX).

RESULTS

A total of 244,001 embryo transfer cycles met the inclusion
criteria: 100,419 (41.2%) FET cycles with PGT; 96,249
(39.4%) FET cycles without PGT; and 47,333 (19.4%) fresh
embryo transfer cycles. A flowsheet of included cycles is
shown in Supplemental Figure 1. Demographic and cycle
characteristics for all patients are shown in Table 1. Charac-
teristics for participants within specific cycle type are pre-
sented in Supplemental Tables 3-5.

Among the total transfer cycles (n = 244,001), the mean
age at cycle start was 35.1 years. Of those with race reported
(70.99%), 69.5% were White, 14.3% were Asian, 7.5% were
Black, and 6.8% were Latino, and 1.9% were other/multira-
cial. For cycles with BMI reported, 46.1% were normal weight,
26.3% were overweight, 25.6% were obese, 2.0% were under-
weight, and 11.8% had missing BMI. Most cycles included
nonsmokers (98.3%). The most prevalent infertility diagnosis
for undergoing an IVF cycle was male factor (26.4%), and
approximately one fifth (17.4%) of cycles were performed
due to multiple infertility diagnoses. Single embryo transfer
was predominant across cycle types (fresh cycles, 57.3%, vs.
frozen cycles without PGT, 72.3%, vs. frozen cycles with
PGT, 95.1%). Blastocyst embryo transfer accounted for
87.9% of total cycles.

In terms of EMT, there were 2,585 with an EMT of <6 mm
(1.19%), 7,050 with an EMT of 6-7 mm (2.9%), 26,935 (11.0%)
with an EMT of 7-8 mm, 50,041 (20.5%) with an EMT of 8-9
mm, 46,829 (19.2%) with an EMT of 9-10 mm, and 110,561
(45.3%) with an EMT of > 10 mm.

Crude and adjusted associations between EMT and LBR
are presented in Table 2. Odds ratios represent the relative
changes in the odds of live birth per 1-mm increase in EMT.
The univariate linearity assumption (Fig. 1) showed a
nonlinear relationship between LBR and EMT with the cut
point at 9 mm. Therefore, separate ORs were given for EMTs
of <9 and >9 mm. Collinearity was not observed from the
regression model as indicated by total variance inflation fac-
tors of 2.04, 1.80, and 1.74 for fresh cycles, frozen cycles
without PGT, and frozen cycles with PGT, respectively.

For FET with PGT, each 1-mm increase in EMT was asso-
ciated with a relative increase in the odds by 19% (adjusted OR
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TABLE 1

Demographic and in vitro fertilization cycle characteristics among all analytic cycles.

Demographics and cycle
characteristics

Maternal demographics
Age at treatment cycle start
(mean [SD])
Race
White
Black
Asian
Hispanic Latino
Other
Multiracial/multiethnicity
Missing
BMI
Normal
Underweight
Overweight
Obese
Missing
Nulligravida
No
Yes
Missing
Smoking (3 mo before
cycle start)
No
Yes
Missing
IVF cycle characteristics
Reporting cycle year
2019
2020
2021°
Infertility diagnosis
Male factor
Diminished ovarian reserve
PCOS
Endometriosis
Uterine factor
Tubal factor
Multiple diagnosis
Other
Unexplained
Missing
Ovarian stimulation protocol
No ovarian stimulation
Agonist flare only
Agonist suppression only
Antagonist suppression only
Agonist flare and agonist
suppression
Agonist flare and antagonist
suppression
Agonist suppression and
antagonist suppression
No. of retrieved oocytes
(median [IQR])
No. of embryos transferred
Fresh cycles
1
2
3+
Frozen cycles without PGT
1
2
3+

Total
N = 244,001

35.1 (4.4)

120,282 (69.5%)
13,036 (7.5%)
24,804 (14.3%)
11,686 (6.8%)
801 (0.5%)
2,502 (1.4%)
70,890 (29.1%)

99,122 (46.1%)
4,405 (2.0%)
56,528 (26.3%)
55,150 (25.6%)
28,796 (11.8%)

155,524 (63.8%)
88,293 (36.2%)
184 (0.1%)

214,477 (98.3%)
3,600 (1.7 %)
25,924 (10.6%)

107,825 (44.2%)
105,920 (43.4%)
30,256 (12.4%)

58,694 (26.4%)
25,294 (11.4%)
1,589 (0.7%)
8,980 (4.0%)
5,085 (2.3%)
18,298 (8.2%)
38,651 (17.4%)
33,784 (15.2%)
32,305 (14.5%)
21,321 (8.7%)

174,165 (71.4%)
6,397 (2.6%)
26,301 (10.8%)
36,896 (1 5 1%)
9(0.0

125 (0.1%)

108 (0.0)

15 (9-22)

27,106 (57.3%)
16,412 (34.7%)
3,815 (8.1%)

69,668 (72.3%)
24,610 (25.6%)
1,971 (2.1%)

Schmiech. Endometrial thickness and live birth. Fertil Steril 2025.

EMT <9 mm
N = 101,254

35.2 (4.3)

50,468 (71.7%)
4,705 (6.7%)
9,689 (13.8%)
4,188 (5.9%)
311 (0.4%)
1,040 (1.5%)
30,853 (30.5%)

43,104 (48.7%)
2,003 (2.3%)
22,747 (25.7%)
20,625 (23.3%)
12,775 (12.6%)

63,472 (62.7%)
37,718 (37.3%)
64 (0.1%)

88,901 (98.3%)
1,563 (1.7%)
10,790 (10.7%)

43,818 (43.3%)
43,980 (43.4%)
13,456 (13.3%)

23,347 (25.5%)
11,080 (12.1%)

(

(

(0.
3,354 (3.7%)
2,489 (2.7%)
6,890 (7.5%)
15,799 (17.2%)
14,581 (15.9%)
13,339 (14.6%)
9,612 (9.5%)

78,204 (77.2%)

2,087 (2.1%)
(9.4%)
(11.2%)
4(0.0)

44 (0.0)

11 309

47 (0.0)

15 (9-22)

7,838 (54.7%)
5,147 (35.9%)
1,354 (9.4%)

29,711 (71.8%)
10,669 (25.8%)
978 (2.4%)

EMT >9 mm
N = 142,747

35.0 (4.4)

69,814 (68.0%)
8,331 (8.1%)
15,115 (14.7%)
7,498 (7.3%)
490 (0.5%)
1,462 (1.4%)
40,037 (28.0%)

56,018 (44.2%)
2,402 (1.9%)
33,781 (26.7%)
34,525 (27.2%)
16,021 (11.2%)

92,052 (64.5%)
50,575 (35.5%)
120 (0.1%)

125,576 (98.4%)
2,037 (1.6%)
15,134 (10.6%)

64,007 (44.8%)
61,940 (43.4%)
16,800 (11.8%)

35,347 (27.0%)
14,214 (10.8%)
826 (0.6%)
5,626 (4.3%)
2,596 (2.0%)
11,408 (8.7 %)
22,852 (17.4%)
19,203 (14.7%)
18,966 (14.5%)
11,709 (8.2%)

95,961 (67.2%)
4,310 (3.0%)
16,742 (11.7%)
25,587 (17 9%)
5(0.0

81 (0.1%)

61 (0.0)

15 (9-22)

19,268 (58.4%)
11,265 (34.1%)
2,461 (7.5%)

39,957 (72.8%)
13,941 (25.4%)
993 (1.8%)

Pvalue

<.001

<.001

<.001

<.001

.018

<.001

<.001

<.001°

<.001¢

<.001°¢
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TABLE 1
Continued.
. Total EMT <9 mm EMT >9 mm
Demographics and cycle
characteristics N = 244,001 N = 101,254 N = 142,747 Pvalue
Frozen cycles with PGT
1 95,483 (95.1%) 43,352 (95.2%) 52,131 (95.0%)
2 4,867 (4.9%) 2,166 (4.8%) 2,701 (4.9%)
3+ 69 (0.1%) 39 (0.1%) 30 (0.1%)
Assisted hatching (all embryos) <.001
No 65,403 (27.0%) 24,444 (24.3%) 40,959 (28.9%)
Yes 176,651 (73.0%) 76,032 (75.7%) 100,619 (71.1%)
Missing 1,947 (0.8%) 778 (0.8%) 1,169 (0.8%)
Embryo developmental stage <.001
at transfer
Cleaved embryo 29,579 (12.1%) 11,668 (11.5%) 17,911 (12.5%)
Blastocyst 214,422 (87.9%) 89,586 (88.5%) 124,836 (87.5%)
Live birth <.001
No 133,877 (54.9%) 57,796 (57.1%) 76,081 (53.3%)
Yes 110,124 (45.1%) 43,458 (42.9%) 66,666 (46.7%)

Note: Distribution of each indicator was computed among cycles with complete information, excluding cycles with missing values on a particular indicator. BMI = body mass index; EMT = endo-
metrial thickness; IQR = interquartile range; IVF = in vitro fertilization; PCOS = polycystic ovary syndrome; PGT = preimplantation genetic testing.
2 Transfer cycles reported in 2021 that were linked to a retrieval or frozen embryo transfer cycle start in 2019-2020 were included.

b Fisher's exact test.
€ Wilcoxon rank sum test.

Schmiech. Endometrial thickness and live birth. Fertil Steril 2025.

[aOR], 1.19; 95% confidence interval [CI], 1.16-1.22) up to 9
mm and a 2% (aOR, 1.02; 95% CI, 1.00-1.03) increase beyond
9 mm. For FET without PGT, each 1-mm increase in EMT was
associated with a 13% (aOR, 1.13;959% CI, 1.09-1.16) increase
in the odds up to 9 mm and a 2% (aOR, 1.02; 95% CI, 1.01-
1.04) increase beyond 9 mm. Among fresh cycles, each 1-
mm increase in EMT was associated with an increased odds

of 15% (aOR, 1.15; 95% CI, 1.09-1.20) when EMT was <9
mm and of 4% (aOR, 1.04; 95% CI, 1.02-1.06) when EMT
was >9 mm. For all cycle types, there was no maximum thick-
ness over 9 mm at which the LBR declined.

The analyses were further stratified by embryo develop-
ment stage (Table 3). We similarly observed that increased
odds of live birth were associated with a 1-mm increase in

Probability of Live Birth
(&)
1

Endometrial Thickness (mm)

95% ClI —— Expected Live Birth Rate

EMT: endometrial thickness
N=244,001

Univariate linearity assessments for endometrial thickness (EMT) and probability of live birth in all cycles (N = 244,001). Cl = confidence interval.

Schmiech. Endometrial thickness and live birth. Fertil Steril 2025.
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TABLE 2

Association between endometrial thickness and live birth by cycle type.
Statistical significance

Live birth Crude OR (95%Cl) Adjusted OR (95% CI) P value (after Bonferroni correction)
Fresh cycles (N = 47,333) Crude OR (95% Cl) Adjusted OR (95% ClI)?
EMT <9 mm 1.20 (1.15-1.25) 1.15 (1.09-1.20) <.001 Significant
EMT >9 mm 1.06 (1.04-1.07) 1.04 (1.02-1.06) <.001 Significant
Frozen cycles without PGT Crude OR (95% Cl) Adjusted OR (95% chP

(N = 96,249)
EMT <9 mm 1.14(1.11-1.17) 1.13(1.09-1.16) <.001 Significant
EMT >9 mm 1.02 (1.01-1.04) 1.02 (1.01-1.04) <.001 Significant
Frozen cycles with PGT Crude OR (95% Cl) Adjusted OR (95% )

(N=100,419)
EMT <9 mm 1.18(1.15-1.21) 1.19(1.16-1.22) <.001 Significant
EMT >9 mm 1.01 (1.00-1.03) 1.02 (1.00-1.03) <.001 Significant

Note: Odds ratios represent the relative changes in the odds of live birth per 1-mm increase in endometrial thickness, separately for EMTs of <9 and >9 mm. Statistical significance after Bonferroni
correction was determined by a P value of <.00625 (0.05/8). CI = confidence interval; EMT = endometrial thickness; OR = odds ratio; PGT = preimplantation genetic testing.
2 Model adjusted for maternal demographics (age at cycle start, race, body mass index, smoking, and parity) and in vitro fertilization cycle characteristics (cycle year, infertility, ovarian stimulation
Erotocol, follicle-stimulating hormone dosage, number of retrieved oocytes, number of embryos transferred, PGT, and embryo developmental stage).

Model adjusted for maternal demographics (age at cycle start, race, body mass index, smoking, and parity) and in vitro fertilization cycle characteristics (cycle year, infertility, number of retrieved
oocytes, number of embryos transferred, and embryo developmental stage).

Schmiech. Endometrial thickness and live birth. Fertil Steril 2025.

EMT when EMT was <9 mm, whereas there was minimal or among fresh cycles, by 15% (aOR, 1.15; 95% CI, 1.04-1.28)
no increase in the odds of live birth when EMT exceeded this for cleaved embryo transfers and 12% (aOR, 1.12; 95% CI,
threshold. After adjusting for maternal demographics and cy- 1.09-1.14) for blastocyst transfers among frozen cycles
cle characteristics, a 1-mm increase in EMT up to 9 mm was without PGT, and by 18% (aOR, 1.18; 95% CI, 1.15-1.20)
associated with increased odds of live birth by 16% (aOR, for blastocyst transfers among frozen cycles with PGT. Using
1.16; 95% CI, 1.08-1.24) for cleaved embryo transfers and a P value adjusted for multiple regression analyses, the asso-
13% (aOR, 1.13; 95% CI, 1.09-1.18) for blastocyst transfers ciation between EMT and LBR was statistically significant for

TABLE 3

Association between endometrial thickness and live birth on the basis of cycle type and embryo developmental stage.

Statistical significance

Live birth Crude OR (95% CI) Adjusted OR (95% CI) P value (after Bonferroni correction)

Fresh cycles
Cleaved embryo transfer

Crude OR (95% CI)

Adjusted OR (95% CI)*

(N=17,521)
EMT <9 mm (1.11-1.25) 1.16 (1.08-1.24) <.001 Significant
EMT >9 mm (1.01-1.06) 1.02 (0.99-1.05) 126 Nonsignificant
Blastocyst transfer
(N=29,812)
EMT <9 mm 1.16 (1.12-1.21) 1.13(1.09-1.18) <.001 Significant
EMT >9 mm 1.06 (1.04-1.07) 1.06 (1.05-1.07) <.001 Significant
Frozen cycles without PGT Crude OR (95% Cl) Adjusted OR (95% clyP
Cleaved embryo transfer
(N =9,818)
EMT <9 mm 1.17 (1.05-1.31) 1.15 (1.04-1.28) .009 Nonsignificant
EMT >9 mm 1.01 (0 1 1.01 (0.96-1.06) 791 Nonsignificant
Blastocyst transfer
(N =86,431)
EMT <9 mm 1.13(1.10-1.15) 1.12 (1.09-1.14) <.001 Significant
EMT >9 mm 1.02 (1.01-1.03) 1.03 (1.02-1.04) <.001 Significant
Frozen cycles with PGT Crude OR (95% Cl) Adjusted OR (95% chP
Blastocyst transfer
(N=98,179)
EMT <9 mm 1.17 (1.15-1.20) 1.18 (1.15-1.20) <.001 Significant
EMT >9 mm 1.02 (1.01-1.03) 1.02 (1.01-1.03) <.001 Significant

Note: Odds ratios represent the relative changes in the odds of live birth per 1-mm increase in endometrial thickness, separately for EMTs of <9 and >9 mm. Statistical significance after Bonferroni

correction was determined by a P value of <.00625 (0.05/8). CI = confidence interval; EMT = endometrial thickness; OR = odds ratio; PGT = preimplantation genetic testing.

2 Model adjusted for maternal demographics (age at cycle start, race, body mass index, smoking, and parity) and in vitro fertilization cycle characteristics (cycle year, infertility, ovarian stimulation

Erotocol, follicle-stimulating hormone dosage, number of retrieved oocytes, and number of embryos transferred).
Model adjusted for maternal demographics (age at cycle start, race, body mass index, smoking, and parity) and in vitro fertilization cycle characteristics (cycle year, infertility, number of retrieved

oocytes, and number of embryos transferred).

Schmiech. Endometrial thickness and live birth. Fertil Steril 2025.
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all blastocyst transfer cycles. However, the association in
cleaved FET was not statistically significant, although the
CI did not cross 1 due to the importance of correcting for mul-
tiple regression analyses (Table 3).

tWhen analyzing first transfer cycles only, the associa-
tions were consistent with the initial findings (Supplemental
Tables 6 and 7). Additional analyses including adjusting for
maternal age at embryo cryopreservation rather than transfer
cycle start in FET cycles, adjusting for a diagnosis of recurrent
pregnancy loss, and removing smoking all showed consistent
associations (Supplemental Tables 8-13). We additionally per-
formed the regression analysis with the full data without impu-
tation to examine the impact of imputed data on associations
of interest, and the results were very consistent with those from
multiple imputations data (Supplemental Tables 14 and 15).

DISCUSSION

To our knowledge, this is the largest study to date examining
the relationship between EMT and LBR and includes a diverse
US population with the largest sample of FET with PGT. In this
cohort, the LBR increased with each 1-mm increase in EMT.
This association was more significant when EMT was <9
mm. After an EMT of 9 mm, the association between LBR
and EMT plateaued with <5% increase in LBR per 1-mm in-
crease in EMT. This association was noted in fresh embryo
transfer and FET with or without PGT. The results represent
the relative change in the odds of live birth per 1-mm increase
in EMT. For example, in someone with an estimated chance of
live birth of 40%, a relative increase of 19% now gives an LBR
of 47.6% with a 1-mm increase in EMT.

The associations were significant particularly for blasto-
cyst transfers, whereas after adjusting the P value for the
number of regression models, the association for cleavage-
stage transfers were nonsignificant. This is possibly due to
the fact that there were fewer cleavage-stage transfers avail-
able for analysis. The fact that there was no upper limit above
which the LBR decreased is reassuring that the endometrium
was not “too thick” in the ART population who often will
have had screening of the uterine cavity to rule out abnormal-
ities such as endometrial polyps before embryo transfer.

These results are consistent with a Canadian retrospective
database study by Mahutte et al. (1) of fresh embryo transfer
and FET that reported a plateau in LBRs after EMTs of 10-12
mm in fresh embryo transfer and 7-10 mm in FET but no
thickness at which the LBRs worsened. The investigators
noted that an EMT of <6 mm significantly reduced the chance
of live birth. This study evaluated EMT in 2-mm increments
and did not include information on PGT status. An additional
Canadian database study by Liu et al. (2) reported a decrease
in LBR with each millimeter decrease in EMT below 8 mm for
fresh embryo transfer and 7 mm for FET. However, the inves-
tigators recommended that larger cohort studies, including
those with a larger number of cycles with an EMT of <7
mm such as ours, were needed to confirm their findings. These
studies differ from that by Shakerian et al. (16) who found in a
single-center study that EMT was not associated with live
birth in fresh embryo transfer or FET. This study also differed
from ours in that the investigators did not distinguish PGT

Fertil Steril®

from non-PGT cycles. Ata et al. (17) investigated frozen
euploid blastocyst transfers and reported no threshold under
which the LBR decreased. None of these involved a US
population.

This study contributes significantly to the field through
several strengths. First, our findings and conclusions were
made on the basis of a nationally representative sample,
which enhances their generalizability. The size of the data
set compared with prior literature, particularly the large num-
ber of cycles with thin endometrium and the large number of
PGT cycles, is a strength of our study. Furthermore, in our
regression analyses, we controlled for maternal and IVF cycle
characteristics to minimize confounding effects. Addition-
ally, we applied inverse probability weighting to the analyses
to minimize the risk of sample selection bias. We performed a
separate analysis of first transfer cycles only, which showed
consistent results with the whole cohort. Finally, we analyzed
the data per 1-mm increase in EMT, and our cut point of 9 mm
was based on an initial linearity assessment of the
relationship.

There are several limitations associated with our study.
Given the observational data with a retrospective design,
our findings cannot infer a causal relationship between
EMT and LBR. Although we controlled for a comprehensive
set of confounders, our results remain subject to unmeasured
confounding. Furthermore, SART CORS does not include data
regarding endometrial preparation protocols, endometrial
pattern (18), or reproducibility of endometrial assessment be-
tween sonographers. Although many cycles with thin lining
were included, the data regarding the EMT for cancelled cy-
cles are limited because we do not have information regarding
cutoffs for which particular clinics may cancel.

It is important to note that nonmodifiable factors that influ-
enced EMT may not be captured in these observational data.
Some patients may not be able to achieve a thickness of 9 mm
due to inherent uterine factors, and given that there are pregnan-
cies in cycles with lower EMT, the results of this study should not
preclude embryo transfer. Future studies could compare if
switching to a different FET protocol in the same patient results
in a different EMT and improved chance of live birth.

CONCLUSION

In this large data set, the LBR increased with increasing EMT
for fresh and frozen transfers, with or without PGT, up to a
threshold of 9 mm. Beyond this threshold, the LBR plateaued.
There was no thickness above 9 mm associated with a
decrease in LBR. This study can be used for patient counseling
but, given the limitations of observational data, should not be
used to preclude embryo transfer for cycles in which the endo-
metrial lining does not attain a specific EMT.
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Asociacion del grosor endometrial con la tasa de nacidos vivos: estudio mediante el sistema de notificacion de resultados clinicos de la
Sociedad de Tecnologia de Reproduccion Asistida

Objetivo: evaluarla relacion entre el grosor endometrial (GE) y las tasas de nacidos vivos (TNV) en la transferencia de embriones frescos
y la transferencia de embriones congelados (TEC) con y sin pruebas genéticas preimplantacionales (PGP).

Diseno: estudio de cohortes retrospectivo utilizando el sistema de notificacién de resultados clinicos de la Sociedad de Tecnologia de
Reproduccion Asistida.

Sujetos: transferencia de embriones frescos de fertilizacion in vitro autdloga y ciclos de TEC iniciados en 2019 a 2020.
Exposicion: grosor endometrial medido en milimetros.
Criterios de valoracion principales: tasa de nacidos vivos.

Resultados: un total de 244.001 ciclos de transferencia de embriones cumplieron los criterios de inclusion (100.419 ciclos de TEC con
PGP, 96.249 ciclos de TEC sin PGP y 47.333 ciclos de transferencia de embriones frescos). Un aumento del GE se asoci6 a un aumento de
la TNV en todos los tipos de ciclos hasta un umbral de 9 mm, a partir del cual el aumento de la TNV fue minimo. Antes de los 9 mm, cada
aumento de 1 mm en el GE se asoci6 con un aumento relativo de las probabilidades de nacidos vivos del 19 % para la TEC con PGP (razén
de posibilidades ajustada [ORa], 1,19; intervalo de confianza [IC] del 95 %, 1,66-1,22), del 13 % para la TEC sin PGP (ORa, 1,13;IC del 95
%, 1,09-1,16) y del 15 % para la transferencia de embriones frescos (ORa, 1,15; IC del 95 %, 1,09-1,20).

Conclusiones: la TNV aumenté con un aumento del GE para las transferencias de embriones frescos y congelados con o sin PGP hasta
un umbral de 9 mm, mas alla del cual la TNV se estabiliz6. No se observo ningun grosor superior a 9 mm asociado a una disminucién de
la TNV.
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