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Objective: To determine the impact of endometrial thickness on live birth outcomes and obstetric complication rate after hormone-
replaced frozen embryo transfer.
Design: Retrospective cohort study.
Setting: Large, urban, academic fertility center.
Patient(s): All patients with a singleton live birth after single euploid embryo transfer (by array comparative genomic hybridization or
next-generation sequencing) in ahormone-replaced frozen embryo transfer cycle between January 2017andDecember2018were reviewed.
Intervention(s): None.
Main Outcome measure(s): The primary outcomes were birth weight and obstetric complication rate.
Result(s): A total of 492 patients were included. The median endometrial thickness was 8.60 mm (range, 6.0–20.0). The median gesta-
tional age at live birth was 39.4 weeks with a median birth weight of 3,345.2 g. Endometrial thickness was significantly correlated with
birth weight. When patients were dichotomized into groups (those with an endometrial thickness of <7 mm and those with an endo-
metrial thickness of>7mm), neonates born from endometria with a thickness of<7mmwere born earlier (37.3 vs. 39.4 weeks and born
with lower birth weights (2,749.9 vs. 3,345.2 g). It should be noted that only seven patients had an endometrium measuring <7 mm.
Moreover, 7.1% (n¼ 35) of patients had an obstetric complication. Endometrial thickness was not significantly associated with obstetric
complications, even with adjustments for age and medical history.
Conclusion(s): Endometrial thickness may be a valuable predictor of placental health and birth weight. Further study is required to
examine the relationship with individual obstetric complications, as our study may not have been powered to observe differences in
obstetric complication rate, as well as the relationship between endometrial thickness and outcomes in natural frozen embryo transfer
cycles. (Fertil Steril Rep� 2021;2:150–5. �2021 by American Society for Reproductive Medicine.)
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T he use of assisted reproductive
technology (ART) is increasing in
the United States and worldwide

(1), withmore than 260,000ART proced-
ures reported to the US Centers for
Disease Control in 2016 (2). Research
has shown that women who undergo
ART are at increased risk for a number
of obstetric complications, even as mul-
tiple gestation rates among those who
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conceive via ART have declined (3).
Possible complications include placenta
accreta (4, 5), placenta previa (6–8),
placental abruption (6, 7), preeclampsia
(6, 9, 10) and other hypertensive
disorders of pregnancy (6–8), premature
rupture of membranes (8), preterm
labor (8), preterm birth (7, 8, 10, 11),
and low-birth-weight and small-for-
gestational-age infants (10).
epted April 9, 2021.
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A healthy and receptive endome-
trium is crucial for healthy placenta-
tion. It is hypothesized that the
endometrium plays a critical role in
placentation via signaling molecules
released from the uterine decidua that
regulate both the timing and extent of
trophoblastic invasion (12). Addition-
ally, studies have shown that epigenetic
changes to genes that control endome-
trial remodeling among women
undergoing fresh embryo transfer may
underlie altered trophoblastic invasion
(13). Thus, evaluating for the health of
endometrium has become routine
before embryo transfer (14).

Abnormal placentationmay under-
lie the pathophysiologic mechanisms
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leading to obstetric complications and disease among women
undergoing ART (15). It is hypothesized that failure of the
blastocyst trophoblastic cells to properly invade the uterine
decidua and myometrium is key to the pathogenesis of
preeclampsia, intrauterine growth restriction, placental
abruption, and preterm birth. It is thought that improper
trophoblastic invasion leads to abnormal spiral artery remod-
eling and alterations in blood flow and oxygen delivery to the
fetus (15, 16). Given the increased incidence ofART use among
women in the United States and worldwide, it is increasingly
essential to understand the mechanisms behind the increased
risk of placental-mediated complications and predictors of
poor outcome among women undergoing ART.

Endometrial thickness is a key metric signifying the
health of the endometrium and has been shown to be associ-
ated with clinical pregnancy and live birth rates among
women undergoing both fresh and frozen embryo transfers
(17–24). However, few studies have evaluated the impact of
endometrial thickness on neonatal and obstetric outcomes
after embryo transfers that lead to an ongoing pregnancy
and live birth. Additionally, most of these studies have
investigated only either obstetric or neonatal outcomes, not
both.

Therefore, we performed a retrospective cohort study
among women who underwent hormone-replaced frozen
embryo transfer (HR-FET) to address whether endometrial
thickness is associated with both neonatal outcomes, such
as neonatal birth weight and gestational age at birth, and
placental-mediated adverse obstetric outcomes.

METHODS
Study Design

We conducted a retrospective cohort study of all patients at a
large, single, urban, academic fertility center in the United
States with a singleton live birth from a single euploid HR-
FET cycle between January 2017 and December 2018. The
study was performed with New York University IRB approval
(#s13-00389).
Subjects

All patients with a singleton live birth after single euploid
embryo transfer (by array comparative genomic hybridization
or next-generation sequencing) in an HR-FET cycle were
included. We excluded patients with miscarriage after euploid
embryo transfer, multiple gestation (monozygotic twins), and
missing data.
Variables

All included patients were individually reviewed via the
electronic medical record (EMR) by one researcher. Variables
collected from the EMR included endometrial thickness at
time of HR-FET, patient age at HR-FET, patient medical co-
morbidities, patient obstetric complications, gestational age
of neonate at time of live birth, and neonatal birth weight. Pa-
tient medical comorbidities were reviewed by a separate
researcher and grouped into three categories: mild, moderate,
and severe. Classification was made on the basis of the
VOL. 2 NO. 2 / JUNE 2021
severity of the condition and its likelihood of negatively
impacting a pregnancy.

The primary independent variable, endometrial thickness,
was measured by the physicians and physician assistants in
the fertility center via ultrasound. Endometrial thickness
referred to the peak thickness during the estradiol (E2) phase.
Patients were characterized into two groups: one for patients
with an endometrial thickness of <7 mm (‘‘thin’’); and the
other for patients with an endometrial thickness of R7 mm
(‘‘thick’’). This cutoff was chosen on the basis of our HR-FET
protocol, in which the goal endometrial thickness is 7 mm
and above, and a review of the literature.

The primary outcomes for this study were neonatal birth
weight and a composite obstetric complication rate. The com-
posite obstetric complication outcome was defined by the
presence of any one of the following complications:
preeclampsia or gestational hypertension, hemolysis, elevated
liver enzymes, low platelet count (HELLP) syndrome,
abnormal placentation and umbilical cord anomalies, prema-
ture rupture of membranes, oligohydramnios, or intrauterine
growth restriction. These complications were included on the
basis of their association with placental-mediated pathol-
ogies. The presence of any one of the aforementioned obstet-
ric complications constituted the presence of the outcome.

The secondary outcomes included gestational age at
delivery (calculated from the day of embryo transfer), rate
of preterm delivery (defined as delivery at <37 weeks), and
rate of small-for-gestational-age infants who were born at
term (defined as infants born at >37 weeks at a birth weight
of <2,500 g).
Ovarian Stimulation, Embryo Biopsy, Embryo
Cryopreservation, and Preimplantation Genetic
Testing for Aneuploidy Platforms

Controlled ovarian hyperstimulation utilizing a gonado-
tropin-releasing hormone antagonist protocol with adminis-
tration of gonadotropins was prescribed for each patient on
the basis of their antral follicle count, age, and follicle-stim-
ulating hormone and anti-mullerian hormone levels as deter-
mined by their physician. Follicular growth and maturation
were monitored by transvaginal ultrasound and serum E2
level. The gonadotropin- releasing hormone antagonist was
added when a lead follicle was identified as R13 mm or the
E2 level was>1,000 pg/mL. Either human chorionic gonado-
tropin alone or human chorionic gonadotropin with leupro-
lide acetate was used for trigger of final follicular
maturation with planned oocyte aspiration scheduled for 35
h after administration. Oocyte retrieval was performed via
ultrasound-guided transvaginal aspiration. Both insemina-
tion and intracytoplasmic sperm injection (ICSI) were used
for fertilization of oocytes; ICSI was utilized if indicated by
semen parameters, but in our center, preimplantation genetic
testing for aneuploidy alone is not an indication for the use of
ICSI.

Standard laboratory techniques were employed, and em-
bryos were cultured to the blastocyst stage. Trophectoderm
biopsy was performed at the blastocyst stage on day 5 or 6
before embryo cryopreservation via vitrification. Biopsy
151



TABLE 1

Baseline characteristics of the study participants by endometrial
thickness.

Endometrial thickness

<7 mm ‡7 mm

No. 7 485
Age (years) 38.4 37.1
Comorbidities (%) 57.1 54

Mild (%) 14.3 12.8
Moderate (%) 28.6 27.5
Severe (%) 14.3 4.7
Unknown (%) 0 41

Median number of total
embryo transfers per patient

1 (range, 1–9) 1 (range, 1–15)
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analysis was performed by array comparative genomic
hybridization or next-generation sequencing. Blastocysts of
patients who returned for frozen embryo transfer underwent
standard embryo warming in our laboratory.
HR-FET Protocol

Hormone-replaced frozen embryo transfer cycles were
defined by the treatment of oral E2 daily until the E2 level
was >150 pg/mL and the endometrium measured a goal
ofR7 mm, followed by progesterone, 50–75 mg either intra-
muscularly in oil or as a vaginal suppository (most of the
patients received intramuscular progesterone, with less than
five patients receiving vaginal suppository). If the endome-
trium did not reach 7 mm, vaginal Estrace was added from
2 to 7 days or until the lining reached 7 mm. A direct embryo
transfer under ultrasound guidance was performed on the
sixth day of progesterone administration. Decision to proceed
with HR-FET if the endometrium did not reach the goal of 7
mm was made on a case-by-case basis by the physician.
Statistical Analysis

All continuous variables were assessed for normality using
the Kolmogorov–Smirnov test and determined to be nonpara-
metric. Descriptive data are presented as median (range).
Analysis was performed using the Mann–Whitney U test
and Spearman’s rho correlation for nonparametric contin-
uous variables and the Fisher exact and Pearson chi-square
tests for categorical variables, where appropriate. A logistic
regression was used to determine whether there was an
association between endometrial thickness and obstetric
complication rate, incidence of preterm birth, and incidence
of small-for-gestational-age infants, where appropriate.
Data analysis was conducted using SPSS (v.25), with P< .05
considered significant for all analyses.
RESULTS
Demographics

In total, 492 patients were included in our analyses. The
median age for all participants was 37.0 (range, 21–59) years.
The median endometrial thickness for all patients was 8.6
152
(range, 6.0–20.0) mm. In this study cohort, seven unique pa-
tients (1.4%) had an endometrial thickness of <7 mm, and
these patients had a median endometrial thickness of 6.6
mm (range, 6.0–6.9). There was no significant difference in
age between those with an endometrial thickness of <7 mm
and those with an endometrial thickness of R7 mm (35.00
vs. 37.00, P¼ .5). Moreover, 54.1% (n ¼ 266) of patients had
a medical comorbidity: 12.8%, mild; 28.5%, moderate; and
4.9%, major. There was no difference in rates of medical
comorbidities between those with an endometrial thickness
below and above 7 mm (57.1% vs. 54.0%, P¼ .76) (Table 1).
Neonatal Outcomes

In the study cohort, themedian birthweightwas 3,345.2 g, and
the median gestational age at live birth was 39.4 weeks. Over-
all, endometrial thickness was significantly positively
correlatedwith birthweight (P< .03) (Fig. 1) but notwith gesta-
tional age at live birth (P¼ .15). However, when patients were
dichotomized into the two study subgroups (thin or thick),
neonates born from a thin endometrium measuring <7 mm
were more likely to be born at an earlier gestational age
(37.3 vs. 39.4 weeks, P¼ .01) and had lower birth weights
(2,749.9 vs. 3,345.2 g, P< .01) (Table 2).

Overall, 8.7% (n ¼ 43) of infants were born preterm, and
2.8% (n ¼ 14) of term infants were born small for gestational
age (Table 2). Endometrial thickness was not associated with
the incidence of preterm birth (P¼ .67), and there was no sig-
nificant difference in rates of preterm birth between those
with a thin endometrium and those with a thick endometrium
(28.6% vs. 8.5%, P¼ .12). Additionally, endometrial thickness
was not associated with the incidence of small-for-
gestational-age infants among those who were born at term
(>37 weeks) (P¼ .32), and there was no significant difference
in rates of small-for-gestational-age infants between those
with an endometrial thickness of <7 mm and those with an
endometrial thickness of R7 mm (20.0% vs. 3.0%, P¼ .15)
(Table 2).
Adverse Obstetric Outcomes

In our cohort, 35 patients (7.1%) had an obstetric complica-
tion (Table 3). There was no significant association between
endometrial thickness and a composite obstetric complication
outcome (P¼ .19), even after controlling for age and medical
comorbidities (P¼ .212). Additionally, there was no difference
in obstetric complication rate between those with an
endometrial thickness of <7 mm and those with an endome-
trial thickness of R7 mm (10% vs. 8.3%, P¼ .41) (Table 3).

DISCUSSION
Our study suggests that endometrial thickness is not only sig-
nificant as ametric to predict probability of clinical pregnancy
and live birth within ART but additionally helpful as an indi-
cator ofmaternal and neonatal outcomes after pregnancy. Our
results showed that endometrial thickness was significantly
associated with neonatal birth weight and gestational age at
live birth among women undergoing hormone-replaced
frozen euploid embryo transfer. Specifically, our results
VOL. 2 NO. 2 / JUNE 2021



FIGURE 1
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demonstrate a positive correlation between endometrial
thickness and neonatal birth weight and indicate that infants
born from a ‘‘thin’’ endometrium of <7 mm are significantly
more likely to have a lower birth weight and be born earlier
than those born from a thick endometrium of R7 mm.

It must be noted that the number of patients in our study
with an endometrial thickness of <7 mm was small at only
seven patients. However, our results support prior studies
showing that endometrial thickness is associated with live
birth outcomes and, in particular, neonatal birth weight. Ri-
beiro et al. (25) similarly found that neonates born from an
endometrium with a thickness of <7 mm were significantly
more likely to have lower birth weight z-scores (25). In
addition, other studies have demonstrated differences in
neonatal birth weight by endometrial thickness, albeit with
differing cutoffs. In an analysis of over 6,000 singleton
newborns, Zhang et al. (26) found that among women under-
going day 3 frozen embryo transfer, an endometrial thickness
TABLE 2

Comparison of neonatal outcomes between infants by endometrial
thickness.

Endometrial thickness

<7 mm ‡7 mm

No. of neonates born 7 485
Mean birth weight (g)* 2,421.9 3,300.4
Mean gestational age (weeks)* 36.2 38.9
% Born at term (>37 weeks) 71.4 (n ¼ 5) 91.1 (n ¼ 442)
% Small for gestational age 14.3 (n ¼ 1) 2.7 (n ¼ 13)
* Difference reached statistical significance.
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of <8 mm was significantly associated with lower birth
weight compared with an endometrial thickness of R10
mm after adjusting for gestational age. In addition, Guo
et al. (27) found that endometrial thickness was significantly
associated with birth weight and those with an endometrial
thickness of %7.5 mm were significantly more likely to
have a small-for-gestational-age neonate compared with to
those with an endometrial thickness of >12 mm. Taken
together, these studies indicate that endometrial thickness is
a significant factor in healthy pregnancy and fetal develop-
ment and support using a goal endometrial thickness of R7
mm as a conservative cutoff for progressing with embryo
transfer.

The mechanism underlying the association between
endometrial thickness and neonatal birth weight is likely
multifaceted and has not been clearly elucidated. However,
it has been hypothesized that a thin endometrium leads to
higher oxygen tension and results in increased fetal exposure
to reactive oxygen species (28) that are unhealthy for the
developing fetus (29). There is discrepant vascularity between
the functional and basal layers of the endometrium, with the
large spiral arteries confined to the basal layer and a
preponderance of capillaries in the functional layer (30). As
thin endometria lack a sufficient functional layer, fetuses
born from thin endometria suffer from increased proximity
and exposure to the large spiral arteries and the increased
oxygen tension that follows (28). Experiments demonstrating
that the spiral arteries constrict after ovulation highlight
the significance of limiting oxygen tension to the fetus in
healthy pregnancies (31). In addition, it has been hypothe-
sized that a thin endometrium leads to deficiencies in deep
placentation and remodeling of the spiral arteries, leading
to disruptions in blood flow to the placenta and within the
153



TABLE 3

Prevalence of delivery complications among participants by
endometrial thickness.

Delivery complications

Endometrial thickness

<7 mm >7 mm

Gestational hypertension 0 10
Preeclampsia 1 8
HELLP syndrome 0 1
Placenta previa 0 3
Placenta accreta 0 1
Bilobed placenta 0 1
Placental abruption 0 2
Abnormal cord insertion 0 5
Intrauterine growth restriction 0 2
Oligohydramnios 0 1
Premature rupture of

membranes
0 1

HELLP, hemolysis, elevated liver enzymes, low platelet count.
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uteroplacental circulation that adversely affect the growing
fetus (26).

While our results did not demonstrate an association
between endometrial thickness and prevalence of preterm
and small-for-gestational-age neonates, those of other studies
have shown such association (32, 33). Similarly, our results did
not show an association between endometrial thickness and
obstetric complication rate, while prior studies have shown sig-
nificant correlations between endometrial thickness and a va-
riety of individual obstetric complications. Oron et al. (33)
found that an endometrial thickness of <7.5 mm is associated
with a 1.5-fold increased risk of adverse obstetric outcome, as
defined by preeclampsia, placenta previa, placental abruption,
manual removal of an adherent placenta, small-for-
gestational-age neonate, and preterm delivery. He et al. (34)
demonstrated than an endometrial thickness of <8 mm is
significantly associated with an increased risk of premature
rupture of membranes and postpartum hemorrhage. Jing
et al. (35) found that women with a thicker endometrium
were at lower risk for placenta previa and cesarean section de-
livery. Rombauts et al. (36) similarly found that in those under-
going single embryo transfer, there is a fourfold increased risk
for placenta previa among women with an endometrial thick-
ness of<9mmcomparedwith thosewith an endometrial thick-
ness of >12 mm, and Kaser et al. (4) described a significant
association between placenta accreta and thinner endometria.
Additionally, both Liu et al. (37) and Rombauts et al. (38)
described an association between thinner endometria and risk
of ectopic pregnancy among women undergoing frozen em-
bryo transfer and in vitro fertilization, respectively.

The discrepancy between the results of this study and
those seen in the literature may be explained by the fact
that there were few women with obstetric complications
(7.1% of participants) included in the study, and we thus
may not have been powered to observe a statistically signifi-
cant correlation. Additionally, the use of a composite score
may have hidden significant associations within the total.
Similarly, there were few small-for-gestational-age (2.8% of
infants) and preterm infants (8.7% of infants).
154
Strengths and Limitations

The strengths of this study include its large sample size and
comprehensive sampling method. Additionally, bias was
limited by ensuring that the individual who completed chart
review was not responsible for coding the severity of medical
comorbidities.

This study has several limitations, chief among them the
retrospective design and small number of women with an
endometrial thickness of <7 mm. However, given that our
results regarding birth weight are concordant with several
recently published studies, it is likely that these results are
valid. As stated previously, there were additionally few
women with obstetric complications and with preterm and
small-for-gestational-age infants. Combined with the fact
that there were additionally few participants with an endome-
trial thickness of <7 mm, this study may not have had suffi-
cient power to evaluate differences in these metrics between
the two populations, explaining the discrepant results be-
tween our study and those previously published. Additionally,
multiple providers were responsible for taking measurements
of the endometrium, and there was likely slight variability
between different providers. In addition, this study is limited
by the information that could be extracted from the EMR,
meaning that several baseline characteristics of the study par-
ticipants, including smoking status and infertility duration,
could not be assessed.
Future Directions

Prospectively designed studies are needed to further evaluate
the relationship between endometrial thickness and birth
weight and gestational age. Further study is required to
examine the relationship between endometrial thickness
and individual obstetric complications, such as placenta pre-
via and accreta, preeclampsia and gestational hypertension,
and placental abruption, and the relationship between endo-
metrial thickness and miscarriage rate. Additionally, further
study is needed to compare the risks of a thin endometrium
in naturally prepared and hormone-controlled embryo trans-
fer cycles. It is worth noting that, overall, infants born from
ART appear to have no increased risk of neurodevelopmental
(39), cognitive, behavioral, or growth delay (40) compared
with those conceived without ART. In addition, future studies
are needed to evaluate the long-term sequelae, if any, among
infants born from mothers using ART with thin endometria.

In conclusion, among women undergoing HR-FET, an
endometrial thickness of <7 mm was associated with lower
neonatal birth weight and decreased gestational age at live
birth. This indicates that endometrial thickness is a valuable
metric when considering the health of the endometrium and
is useful to assess routinely before embryo transfer. Further
study is needed to elucidate individual obstetric complica-
tions that may be related to a thin endometrium, as prior
studies have demonstrated an association between endome-
trial thickness and various obstetric complications, but our
study may not have been powered to observe differences in
obstetric complication rate. Moreover, further study is
required to compare how endometrial thickness impacts
VOL. 2 NO. 2 / JUNE 2021
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outcomes in naturally prepared and hormone-controlled
embryo transfer cycles.
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