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Abstract

Background: Decreased endometrial thickness (EMT) has been suggested to be associated with reduced
birthweight of in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) newborns. Considering the differences
in ovarian stimulation degree and laboratory procedures between IVF/ICSI and IUI treatment, we aim to investigate
whether EMT has any influence on IUI infant outcomes as well.

Methods: This was a retrospective cohort study of 1016 patients who had singleton livebirths after IUI treatment
cycles from January 2008 to December 2018 at a tertiary-care academic medical center in China. Patients were
categorized into three groups by the 10th and 90th percentile of peak EMT: ≤7.6, 7.7–13.0 and ≥ 13.1 mm. The
primary outcomes of the study were preterm birth (PTB), low birthweight (LBW) and small-for-gestational age (SGA).
Multiple regression analyses were performed after controlling for a variety of potential confounders.

Results: No significant differences were found among the three groups in gestational age, birthweight and
birthweight Z-score. Compared with the EMT 7.7–13.0 mm group, the incidences of PTB, LBW and SGA were 5.5%
(adjusted odds ratio [aOR] 0.81, 95% confidence interval [CI] 0.33–2.01), 6.4% (aOR 1.44, 95% CI 0.58–3.58) and 7.3%
(aOR 1.21, 95% CI 0.53–2.76) in the EMT ≤7.6 mm group, respectively. Similarly, EMT ≥13.1 mm was not significantly
associated with risks of PTB (aOR 0.63, 95% CI 0.24–1.65), LBW (aOR 0.57, 95% CI 0.17–1.95) and SGA (aOR 0.73, 95%
CI 0.28–1.92). The odds of other adverse neonatal outcomes, including macrosomia, large-for-gestational age and
major congenital malformations, did not show significant differences before and after adjustment in both EMT ≤7.6
and ≥ 13.1 mm groups.

Conclusions: EMT is not independently associated with adverse perinatal outcomes in IUI cycles. This novel finding
would provide reassuring information for IUI patients with thin endometrial linings regarding their neonatal health.
However, further prospective cohort studies with larger datasets are needed to confirm the conclusion.
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Background
Intrauterine insemination (IUI) has been widely applied
for infertility treatment with the reported clinical preg-
nancy rate varying from 5 to 20% [1–3]. However, com-
pared with spontaneously conceived children, singletons
born after IUI have shown increased risks of adverse
perinatal outcomes including preterm birth (PTB), low
birthweight (LBW) and small-for-gestational age (SGA)
[4–7]. The major concern is whether these poorer out-
comes are associated with the IUI treatment per se or
intrinsic parental characteristics related to infertility [6,
8]. Understanding the relative contribution of the multi-
farious factors would be essential for assessing the safety
of assisted reproductive treatment and promoting its
continuous advancements in clinical practice.
Adequate endometrial development is of paramount

importance not only for early embryo development and
implantation, but also for placentation and fetal growth
[9–11]. As the most commonly used indicator for endo-
metrial receptivity, endometrial thickness (EMT) meas-
urement has become part of standard monitoring
during infertility treatment due to its simple and non-
invasive approach through transvaginal ultrasonography
(TVU) [12, 13]. A thin endometrium, either in fresh or
frozen-thawed embryo transfer (FET) cycles, is associ-
ated with a lower chance to achieve pregnancy [12, 13].
More recently, a growing body of evidence has also sug-
gested the possible relationship between decreased
EMT and reduced birthweight of in vitro fertilization/
intracytoplasmic sperm injection (IVF/ICSI) newborns
[11, 14–17].
Contrary to the suboptimal endometrial environment

caused by supraphysiologic hormonal milieu during IVF/
ICSI cycles [18, 19], ovarian stimulation is milder in IUI
treatment with fewer mature follicles and lower estradiol
(E2) production. In addition, considering the potential
effects of embryo culture medium, cryopreservation
method and other laboratory procedures in IVF/ICSI [6,
8, 20, 21], a study on neonatal outcomes after IUI may
be more suitable to investigate the independent influ-
ence of parental factors such as EMT. Indeed, results on
EMT and pregnancy chances following IUI treatment
have been controversial, with two recent meta-analyses
concluding no evidence for an association [13, 22]. How-
ever, it is still unclear whether EMT has any impact on
IUI infant outcomes as in IVF/ICSI cycles.
The aim of the present study was to comprehensively

evaluate the association between EMT and neonatal out-
comes of live-born singletons in IUI cycles.

Methods
Study design and population
This was a retrospective cohort study conducted at the
Department of Assisted Reproduction of Shanghai Ninth

People’s Hospital affiliated with Shanghai Jiao Tong Uni-
versity School of Medicine. The study protocol was ap-
proved by the hospital’s Ethics Committee (Institutional
Review Board) and all couples provided written in-
formed consent before the start of treatment. Infertile
patients who underwent IUI cycles and had singleton
livebirths after ≥24 weeks gestation were enrolled from
January 2008 to December 2018. All women had at least
one patent fallopian tube as determined by either hyster-
osalpingography or laparoscopy, and all male partners
had a total motile sperm count (TMSC) of at least 10
million in the ejaculate. To minimize the likelihood of
confounding [22, 23], only cycles using letrozole (LE) or
in combination with human menopausal gonadotropin
(hMG) for ovarian stimulation were included for ana-
lysis. We excluded patients who were previously diag-
nosed with congenital (i.e., uterus unicornis, septate
uterus, duplex uterus and uterus bicomis) or acquired
(i.e., intrauterine adhesion, endometrial polyps, sub-
mucosal myomas and adenomyosis) uterine anomalies
by TVU or hysteroscopy. Cycles lost to follow-up or
with core data missing in the electronic medical records
(e.g., EMT) were also excluded. For patients who had
more than one delivery during the study period, only the
first livebirths were retained.

Ovarian stimulation and EMT measurement
Ovarian stimulation was initiated from the 3rd day of a
spontaneous or induced menstrual cycle with oral ad-
ministration of LE (Jiangsu Hengrui Medicine Co.,
China) 2.5 mg/day for 5 days. The development of ovar-
ian follicles was monitored by TVU measurement of
mean follicular diameter and serum analysis of E2 and
luteinizing hormone (LH) concentrations every 2 days
from cycle day 10 onward. If the leading follicle size was
< 14mm on the 10th day, a daily intramuscular injection
of 75 IU hMG (Anhui Fengyuan Pharmaceutical Co.,
China) was added for a variable duration depending on
response, while no other stimulation drugs were used if
the dominant follicle reached ≥14mm. When at least
one mature follicle reached a diameter of 18 mm with
serum LH level < 15 IU/L, ovulation was induced by
5000 IU human chorionic gonadotropin (hCG; Lizhu
Pharmaceutical Trading Co., China) and IUI was per-
formed 36–38 h later. In cases of spontaneous LH surges
(LH ≥15 IU/L), the hCG triggering was scheduled in the
same afternoon followed by IUI 24 h later. We cancelled
the IUI treatment cycle when more than three dominant
follicles were present.
The thickness of endometrium was measured in millime-

ters by doctors highly trained and experienced in ultra-
sound monitoring via Voluson E8 (GE Healthcare,
Australia) with intracavity probes. We considered the EMT
as the maximal distance between the hyperechogenic
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interfaces of the endometrium and the myometrium about
1 cm below the uterine fundus in the sagittal plane. No
specifications existed on a minimally required EMT for
conducting IUI. Peak EMT on the day of triggering was re-
corded and used in the present study.

Semen preparation and insemination
Semen samples were collected by masturbation after ab-
stinence for 3–7 days and processed within 1 h after
ejaculation. After liquefaction, the semen was washed
with 3-layer density gradient centrifugation using Isolate
(Irvine Scientific, USA). The volume of prepared semen
sample for insemination was 0.3–0.5 mL and only one
insemination procedure was carried out in each cycle
with a soft catheter (Cook Group, USA). After IUI, bed
rest was maintained for 15 min. Luteal support was rou-
tinely offered to all patients with oral dydrogesterone
(Duphaston, Abbott Biologicals, USA) 10 mg twice daily
from the day after IUI for 14 days.

Neonatal follow-up
The newborn follow-up system at our center has been
previously presented in detail [24, 25]. Briefly, highly
trained nurses surveyed the couples by telephone
during each stage of pregnancy until delivery. Basic in-
formation was gathered through standardized question-
naire including pregnancy-related complications (i.e.,
gestational diabetes mellitus, hypertensive disorders
and thyroid diseases), gestational weeks, mode of deliv-
ery, newborn gender, birth date and locality, birth-
weight as well as neonatal diseases. In cases of
reporting of neonatal diseases, further interviews were
carried out regarding the specific diagnosis, severity,
treatment and outcome. If the sick babies were born in
our university hospital, the medical records at birth
with detailed physical examination and routine ultra-
sound examination of the brain, kidney, and heart were
obtained, while written proof was acquired from the
pediatrician in charge for sick babies born elsewhere. In
the circumstances of failed attempts to contact the cou-
ples, the local family planning service agencies were
reached for data collection. Moreover, for live-born ba-
bies with congenital malformations, a special nurse was
designated to review the cases thoroughly to guarantee
their consistency with the case definition of the Chinese
Birth Defects Monitoring Program.

Outcome assessment
The primary outcomes of the study were PTB, LBW and
SGA. Other analyzed adverse neonatal outcomes
included very PTB, very LBW, macrosomia, large-for-
gestational age (LGA) and major congenital malforma-
tions. PTB and very PTB were identified as delivery
before 37 and 32 completed gestational weeks,

respectively. LBW and very LBW were respectively de-
fined as birthweight less than 2500 g and 1500 g, while in-
fants with birthweight over 4000 g were categorized as
macrosomia. For the standardization of birthweight, Z-
score was calculated after controlling for gestational age
and infant gender, based on the general population refer-
ence values of Chinese singletons [26]. In addition, SGA
and LGA were defined as birthweight <10th and > 90th
percentiles, respectively. Major congenital malformations
were defined according to the Q codes (Q00–Q99) of the
10th Revision of International Classification of Diseases.

Statistical analysis
All cycles were divided into three groups according to
peak EMT at trigger day: ≤7.6, 7.7–13.0 and ≥ 13.1
mm. The stratification was determined using the cut-
offs by the 10th (7.6 mm) and 90th (13.1 mm) per-
centile of the whole EMT distribution, and was also
consistent with previous studies [11, 16, 27]. Continu-
ous variables were presented as mean with standard
deviation, and Kruskal-Wallis test was used for com-
parison since none of them showed normality after
graphical illustration of histograms and Q-Q plots as
well as the Shapiro-Wilk test. Categorical variables
were described as frequency with rate, and between-
group differences were assessed by Chi-square test or
Fisher’s exact test, as appropriate.
Univariable and multivariable linear regression ana-

lyses were performed to assess the association between
EMT and newborn parameters including gestational age,
birthweight and Z-score, whereas logistic regression ana-
lyses were used to evaluate the effect on the incidence of
adverse neonatal outcomes. The same set of potential
confounders was introduced in the regression models
for adjustment by the enter method, whether or not stat-
istical differences were discovered among groups. These
included maternal age (continuous), maternal body mass
index (BMI) (continuous), paternal age (continuous), pa-
ternal BMI (continuous), gravidity (0 or ≥ 1), parity (0
or ≥ 1), duration of infertility (continuous), infertility
diagnosis (anovulation, male factor, endometriosis,
mixed or unexplained), rank of IUI attempts (1st cycle,
2nd cycle or ≥ 3rd cycle), stimulation protocol (LE or
LE + hMG), length of treatment (continuous), peak E2
level (continuous), postprocessing TMSC (continuous),
vanishing twin syndrome (VTS) (yes or no), pregnancy
complications (yes or no) and year of treatment (2008–
2011, 2012–2015 or 2016–2018).
All P values of less than 0.05 based on two-sided

tests were considered to be statistically significant.
Statistical analysis was performed with the Statistical
Package for the Social Sciences (version 20.0; SPSS
Inc., USA).
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Results
A total of 1266 singleton livebirths resulting from IUI
were screened from our database and 250 cycles were
excluded as detailed in Fig. 1. Of the remaining 1016 cy-
cles, thin endometrium (EMT ≤7.6 mm) was observed in
109 (10.7%) women, while the number of patients with
EMT 7.7–13.0 mm and ≥ 13.1 mm was 798 (78.5%) and
109 (10.7%), respectively.
Baseline characteristics according to EMT stratifica-

tion were shown in Table 1. There was a significant in-
crease from EMT ≤7.6 mm to EMT ≥13.1 mm group in
the proportion of nulligravida, length of treatment and
peak E2 level (all P < 0.001). No significant differences
were found when parental age and BMI, parity, duration
of infertility, infertility diagnosis, rank of IUI attempts,
stimulation protocol, postprocessing TMSC, incidence
of VTS and pregnancy complications, as well as year of
treatment were compared among the three groups. With
a range between 4.1 and 20.6 mm, the mean thickness of
endometrium was 6.60 ± 0.96, 10.06 ± 1.43 and 14.42 ±
1.27 mm in the EMT ≤7.6, 7.7–13.0 and ≥ 13.1 mm
groups, respectively (P < 0.001). The EMT in the LE
group was slightly thinner than that in the LE + hMG
group (9.68 ± 2.30 vs. 10.21 ± 2.28 mm, P = 0.016) (Sup-
plementary Figure S1).
As presented in Table 2, comparisons among the three

groups did not reveal any significant difference in gesta-
tional age, birthweight and birthweight Z-score (P =
0.503, 0.732 and 0.914, respectively). These findings were
not altered in multivariable analyses after controlling for
a variety of confounding factors (Table 3). Compared

with the EMT 7.7–13.0 mm group, the incidences of
PTB, LBW and SGA were 5.5% (adjusted odds ratio
[aOR] 0.81, 95% confidence interval [CI] 0.33–2.01),
6.4% (aOR 1.44, 95% CI 0.58–3.58) and 7.3% (aOR 1.21,
95% CI 0.53–2.76) in the EMT ≤7.6 mm group, respect-
ively. Similarly, EMT ≥13.1 mm was not significantly as-
sociated with risks of PTB (aOR 0.63, 95% CI 0.24–1.65),
LBW (aOR 0.57, 95% CI 0.17–1.95) and SGA (aOR 0.73,
95% CI 0.28–1.92). With regard to other adverse neo-
natal outcomes including macrosomia, LGA and major
congenital malformations, no significant differences were
found in both EMT ≤7.6 and ≥ 13.1 mm groups before
and after adjustment.
Multiple regression analyses of risk factors for PTB,

LBW and SGA were detailed in Supplementary Table
S1. Pregnancy complications were found to be the com-
mon influencing factor, while higher risks of PTB and
LBW were observed in women with VTS. Duration of
infertility was demonstrated to be associated with an in-
creased risk of SGA (aOR 1.17, 95% CI 1.03–1.32).

Discussion
In this retrospective analysis of 1016 live-born single-
tons, we provided the first evidence that EMT was not
associated with adverse perinatal outcomes in IUI cycles.
Neither a thin or thickened endometrial lining (EMT
≤7.6 or ≥ 13.1 mm) at trigger day would increase the in-
fant risks of PTB, LBW, SGA and major congenital
anomalies.
Despite significant progress in ultrasonographic, im-

munological and molecular diagnostic techniques of

Fig. 1 Flow chart of the study. IUI, intrauterine insemination; CC, clomiphene citrate; hMG, human menopausal gonadotropin
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endometrial receptivity, the EMT still remains to be the
mainly used marker as part of standard cycle monitoring
in assisted reproductive treatment [12, 13]. Over the past
decades, much efforts have been made to explore its
prognostic capacity in pregnancy chances. While it has
been well-established that the probability of clinical
pregnancy was lower in IVF/ICSI patients with thin
EMT defined by different cut-off values from 6 to 10
mm [12], only few studies have investigated this issue in
the setting of IUI treatment with conflicting results [13,
22]. The pooled data revealed no significant difference in
mean EMT between pregnant and non-pregnant IUI
women, and no difference in clinical pregnancy was

observed after association analysis using EMT cut-offs
ranging from 3 to 12 mm [13, 22]. Although the discrep-
ancy remains unclarified, it does highlight the necessity
to separately assess the influence of EMT on reproduct-
ive outcomes between IUI and IVF/ICSI treatment.
The relationship between EMT and neonatal morbid-

ity in IVF/ICSI cycles has been evaluated in several prior
studies [11, 14–17]. In 2006, Chung et al. [14] first
reported that patients with an EMT ≤10 mm had a two-
fold higher risk of experiencing PTB, LBW or intrauter-
ine fatal demise beyond first trimester than those with
an EMT > 12mm. This study, however, was flawed by a
high proportion of multiple gestations (37%) out of 435

Table 1 Baseline characteristics according to endometrial thickness at trigger day

≤7.6 mm
(n = 109)

7.7–13.0 mm
(n = 798)

≥13.1 mm
(n = 109)

P-value

Maternal age (years) 30.7 ± 3.7 30.2 ± 3.7 30.0 ± 3.3 0.313

Maternal BMI (kg/m2) 21.76 ± 2.56 22.34 ± 3.35 22.13 ± 2.87 0.401

Paternal age (years) 32.9 ± 5.4 32.1 ± 4.4 32.1 ± 4.9 0.465

Paternal BMI (kg/m2) 25.09 ± 2.95 24.50 ± 3.08 24.35 ± 3.21 0.224

Nulligravida, n (%) 53 (48.6) 551 (69.0) 90 (82.6) < 0.001

Nulliparity, n (%) 101 (92.7) 761 (95.4) 103 (94.5) 0.465

Duration of infertility (years) 2.8 ± 1.8 2.9 ± 2.0 3.0 ± 2.2 0.828

Infertility diagnosis, n (%) 0.610

Anovulation 19 (17.4) 143 (17.9) 16 (14.7)

Male factor 21 (19.3) 192 (24.1) 28 (25.7)

Endometriosis 0 (0) 18 (2.3) 3 (2.8)

Mixed 3 (2.8) 26 (3.3) 5 (4.6)

Unexplained 66 (60.6) 419 (52.5) 57 (52.3)

Rank of IUI attempts, n (%) 0.652

1st cycle 70 (64.2) 485 (60.8) 61 (56.0)

2nd cycle 30 (27.5) 246 (30.8) 35 (32.1)

3rd or more 9 (8.3) 67 (8.4) 13 (11.9)

Stimulation protocol, n (%) 0.661

LE 13 (11.9) 79 (9.9) 9 (8.3)

LE + hMG 96 (88.1) 719 (90.1) 100 (91.7)

Length of treatment (days) 10.3 ± 2.0 11.5 ± 2.9 12.5 ± 2.7 < 0.001

Peak E2 level (pg/mL) 256.6 ± 197.9 287.9 ± 205.8 346.3 ± 248.7 < 0.001

Endometrial thickness (mm) 6.60 ± 0.96 10.06 ± 1.43 14.42 ± 1.27 < 0.001

Postprocessing TMSC (millions) 27.8 ± 27.4 32.6 ± 37.4 33.2 ± 33.8 0.430

Vanishing twin syndrome, n (%) 4 (3.7) 15 (1.9) 2 (1.8) 0.469

Pregnancy complications, n (%) 7 (6.4) 60 (7.5) 9 (8.3) 0.875

Year of treatment 0.131

2008–2011 6 (5.5) 72 (9.0) 14 (12.8)

2012–2015 39 (35.8) 345 (43.2) 43 (39.4)

2016–2018 64 (58.7) 381 (47.7) 52 (47.7)

Data are presented as mean ± standard deviation or number (percentage).
BMI body mass index, IUI intrauterine insemination, LE letrozole, hMG human menopausal gonadotropin, E2 estradiol, TMSC total motile sperm count
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viable pregnancies. By retrospectively analyzing 764
singleton deliveries, a later study by Moffat et al. [15]
showed that EMT was strongly predictive for neonatal
birthweight in pregnancies with obstetric complications
but not in uneventful pregnancies. Consistently, Ribeiro
and colleagues [16] found that an EMT less than 7mm
was significantly associated with a decrease in neonatal
birthweight Z-score. However, they did not detect an in-
crease in clinically relevant outcomes such as PTB or

LBW, and attributed it to the limited size of the live-
born singleton sample subset. This was subsequently val-
idated in another study by Oron et al. [11] showing that
women with an EMT < 7.5 mm had a higher incidence
of placenta-related pregnancy complications including
SGA. In addition to the aforementioned four studies on
fresh embryo transfer cycles, a recent analysis of 6181
singletons resulting from FET also demonstrated that a
thin endometrium (EMT < 8mm) was independently

Table 2 Neonatal outcomes according to endometrial thickness at trigger day

≤7.6 mm
(n = 109)

7.7–13.0 mm
(n = 798)

≥13.1 mm
(n = 109)

P-value

Mode of delivery, n (%) 0.533

Vaginal 48 (44.0) 326 (40.9) 50 (45.9)

Cesarean section 61 (56.0) 472 (59.1) 59 (54.1)

Gender, n (%) 0.493

Female 60 (55.0) 395 (49.5) 52 (47.7)

Male 49 (45.0) 403 (50.5) 57 (52.3)

Gestational age (days) 274.3 ± 8.4 273.3 ± 11.7 274.5 ± 9.4 0.503

Preterm birth, n (%) 6 (5.5) 59 (7.4) 5 (4.6) 0.462

Very preterm birth, n (%) 0 (0) 8 (1.0) 0 (0) 0.530

Birthweight (g) 3319.8 ± 499.9 3304.3 ± 511.6 3323.3 ± 442.5 0.732

Low birthweight, n (%) 7 (6.4) 37 (4.6) 3 (2.8) 0.435

Very low birthweight, n (%) 0 (0) 6 (0.8) 0 (0) 1.000

Macrosomia, n (%) 6 (5.5) 54 (6.8) 4 (3.7) 0.430

Z-score 0.25 ± 1.07 0.25 ± 1.08 0.23 ± 1.01 0.914

Small-for-gestational age, n (%) 8 (7.3) 49 (6.1) 5 (4.6) 0.694

Large-for-gestational age, n (%) 19 (17.4) 123 (15.4) 13 (11.9) 0.509

Major congenital malformations, n (%) 4 (3.7) 10 (1.3) 2 (1.8) 0.119

Data are presented as mean ± standard deviation or number (percentage)

Table 3 Crude and adjusted analysis of neonatal outcomes in endometrial thickness categories

≤7.6 vs. 7.7–13.0 mm ≥13.1 vs. 7.7–13.0 mm

Crude Adjusted a Crude Adjusted a

Newborn parameters, MD (95% CI)

Gestational age (days) 1.0 (−1.2–3.2) 0.7 (−1.5–3.0) 1.2 (−1.0–3.4) 1.5 (−0.7–3.7)

Birthweight (g) 15.6 (−85.3–116.5) 16.4 (−86.6–119.4) 19.0 (−81.9–119.9) 28.6 (−73.2–130.3)

Z-score −0.01 (− 0.22–0.21) 0 (− 0.21–0.22) −0.02 (− 0.23–0.20) 0 (− 0.22–0.21)

Adverse outcomes, OR (95% CI)

Preterm birth 0.73 (0.31–1.73) 0.81 (0.33–2.01) 0.60 (0.24–1.54) 0.63 (0.24–1.65)

Low birthweight 1.41 (0.61–3.25) 1.44 (0.58–3.58) 0.58 (0.18–1.92) 0.57 (0.17–1.95)

Macrosomia 0.80 (0.34–1.91) 0.91 (0.37–2.25) 0.53 (0.19–1.48) 0.53 (0.18–1.54)

Small-for-gestational age 1.21 (0.56–2.63) 1.21 (0.53–2.76) 0.74 (0.29–1.89) 0.73 (0.28–1.92)

Large-for-gestational age 1.16 (0.68–1.97) 1.21 (0.69–2.11) 0.74 (0.40–1.37) 0.70 (0.37–1.34)

Major congenital malformations 3.00 (0.93–9.74) 3.18 (0.82–12.28) 1.47 (0.32–6.81) 1.32 (0.24–7.13)

MD mean difference, CI confidence interval, OR odds ratio
a Adjusted for parental age, parental body mass index, gravidity, parity, infertility duration, infertility diagnosis, rank of cycle, stimulation protocol, length of
treatment, peak estradiol level, postprocessing total motile sperm count, vanishing twin syndrome, pregnancy complications, and year of treatment

Huang et al. Reproductive Biology and Endocrinology           (2020) 18:48 Page 6 of 9



related to a lower birthweight and Z-score, while the
modest difference failed to translate into a significantly
higher risk of SGA [17].
Similar to the contradictory findings on pregnancy

outcomes, the present study reported no evidence for an
association between EMT and IUI infant outcomes as in
IVF/ICSI cycles. However, the underlying reasons are
still unclear as to why a thin endometrial lining is more
clinically relevant in IVF/ICSI than in IUI treatment.
During either natural or stimulated cycles, continuous
E2 production from growing follicles induces endomet-
rial proliferation, thus leading to increased EMT as mea-
sured by TVU. Compared with a thin endometrium
developing under mild ovarian stimulation conditions as
in IUI, a thin endometrium developing under maximal
stimulation conditions in IVF/ICSI cycles may imply
genuine diminished potential for implantation and pla-
centation. Moreover, in the presence of thin endomet-
rium, the embryos are implanted much closer to the
spiral arteries of the endometrial basal layer, whose
higher vascularity and oxygen concentrations could be
detrimental to embryos due to the production of reactive
oxygen species [28, 29]. Since embryos are developed
in vivo in IUI cycles, we speculate that they may be less
susceptible to high oxygen tensions in comparison with
in vitro cultured or further vitrified/thawed embryos in
IVF laboratories. Nevertheless, these explanations are
merely theoretical and further investigations are war-
ranted to provide stronger and more direct evidence.
VTS, defined as the spontaneous reduction of mul-

tiple pregnancies to singleton birth [30], was identi-
fied as an independent predictor of adverse neonatal
outcomes after multivariable regression analysis. This
phenomenon has been estimated to occur in 50% of
pregnancies with initially three or more gestational
sacs, 36% of twin pregnancies and 10–30% of IVF/
ICSI pregnancies [31, 32]. In the present study, we
reported for the first time that the prevalence of VTS
was about 2.1% in IUI treatment, much lower than
that in IVF/ICSI cycles. Consistent with previous find-
ings on IVF/ICSI infants [30, 33, 34], VTS is associ-
ated with higher risks of PTB and LBW in IUI
newborns as well. However, the adjusted odds of SGA
and birth defects did not reach statistical significance
possibly due to the limitation of relatively small sam-
ple size, as reflected by the wide confidence intervals.
Therefore, more studies with larger datasets are
needed to further assess the incidence, risk factors as
well as neonatal outcomes of VTS in IUI cycles.
A major weakness of the study relies on its retro-

spective design. Some baseline characteristics were
not balanced between the stratified groups. Notably,
the fact that more patients with thin EMT had been
pregnant before but the frequency of nulliparity was

similar among the three groups suggested a higher
rate of prior pregnancy loss, which was associated
with increased chances of adverse neonatal outcomes
such as PTB and LBW [35]. While the present study
included gravidity and parity number for adjustment,
we were unable to retrieve data on the actual causes
of pregnancy loss history (e.g., miscarriage, abortion
or ectopic pregnancy). In addition, possible unknown
or unavailable confounders may not be accounted for
in the regression model. For example, over 50% of
singletons were delivered via cesarean section, but the
indications and timing in relation to neonatal mortal-
ity remained unclear [36, 37]. Also, information on
endometrial morphology, which has been reported to
influence pregnancy outcomes [13], was incomplete in
our database and thus not analyzed in this study.
Other risk factors for adverse neonatal outcomes, in-
cluding previous delivery history, medication use,
metabolic status, nutrition intake and lifestyle habit
[38], were not adequately controlled due to the lack
of detailed records. Therefore, future studies with a
comprehensive evaluation of women before and dur-
ing pregnancy are needed for further investigation.
Secondly, previous studies have observed significant
differences in EMT among various ovarian stimulation
protocols and in neonatal outcomes of different
sperm sources [7, 22, 23, 39]. To minimize the likeli-
hood of confounding, only IUI cycles using LE and
partner semen were included for analysis. Thus, our
conclusion should not be extrapolated to IUI single-
tons born after treatment with donor semen or with
clomiphene citrate, gonadotropin only and natural cy-
cles. The single-center nature should also caution
generalization of the study finding to other areas in
China and other parts of the world. Finally, while the
measurement of EMT was performed by highly expe-
rienced doctors at our center, some inter-observer in-
consistency may still be present. Moreover, most of
the neonatal data were collected from parental ques-
tionnaires instead of direct access to medical records.
In this regard, the detection of some minor problems
could be comprised and the actual incidence of con-
genital malformations may be underestimated.

Conclusions
In summary, our data suggested no association be-
tween EMT and adverse neonatal outcomes in IUI cy-
cles. This novel finding would provide reassuring
information for patients undergoing IUI treatment
with thin endometrial linings regarding their neonatal
health. However, further large prospective cohort
studies with longer follow-up duration are needed to
confirm the conclusion.

Huang et al. Reproductive Biology and Endocrinology           (2020) 18:48 Page 7 of 9



Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12958-020-00597-w.

Additional file 1: Supplementary Figure S1. Distribution of peak
endometrial thickness in different ovarian stimulation protocols. LE,
letrozole; hMG, human menopausal gonadotropin.

Additional file 2: Supplementary Table S1. Multiple regression
analysis of risk factors for PTB, LBW and SGA.

Abbreviations
aOR: Adjusted odds ratio; BMI: Body mass index; CI: Confidence interval;
E2: Estradiol; EMT: Endometrial thickness; FET: Frozen-thawed embryo transfer;
hCG: Human chorionic gonadotrophin; hMG: Human menopausal
gonadotropin; ICSI: Intracytoplasmic sperm injection; IUI: Intrauterine
insemination; IVF: In vitro fertilization; LBW: Low birthweight; LE: Letrozole;
LGA: Large-for-gestational age; LH: Luteinizing hormone; TB: Preterm birth;
SGA: Small-for-gestational age; TMSC: Total motile sperm count;
TVU: Transvaginal ultrasonography; VTS: Vanishing twin syndrome

Acknowledgements
The authors would like to express sincere gratitude to Dr. Sicheng Wu,
Clinical Research Center of Shanghai Ninth People’s Hospital affiliated to
Shanghai Jiao Tong University School of Medicine, for his support in data
management and statistical analysis.

Authors’ contributions
JH, RC and YK contributed to the conception and design of the study. JH, JL,
XL, HG and NS were responsible for data collection and checking. JH and JL
performed the data analysis, interpretation and manuscript drafting. RC and
YK supervised the project administration. All authors read and approved the
final manuscript.

Funding
This study was funded by the National Key Research and Development
Program of China (2018YFC1003000), National Natural Science Foundation of
China (81771533), Elite Group Project of Shanghai Ninth People’s Hospital
(JY201801) and Latitudinal Research Project of Shanghai Jiao Tong University
School of Medicine (2017hx005/DK3–0601-17-0007).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee (Institutional Review
Board) of Shanghai Ninth People’s Hospital. Written informed consent was
waived due to the retrospective nature, and patients’ data were used
anonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Assisted Reproduction, Shanghai Ninth People’s Hospital,
Shanghai Jiao Tong University School of Medicine, 639 Zhizaoju Rd,
Shanghai 200011, China. 2Department of Histology, Embryology, Genetics
and Developmental Biology, Shanghai Key Laboratory for Reproductive
Medicine, Shanghai Jiao Tong University School of Medicine, Shanghai
200025, China.

Received: 24 January 2020 Accepted: 22 April 2020

References
1. Duran HE, Morshedi M, Kruger T, Oehninger S. Intrauterine insemination: a

systematic review on determinants of success. Hum Reprod Update. 2002;8:
373–84.

2. Merviel P, Heraud MH, Grenier N, Lourdel E, Sanguinet P, Copin H. Predictive
factors for pregnancy after intrauterine insemination (IUI): an analysis of
1038 cycles and a review of the literature. Fertil Steril. 2010;93:79–88.

3. Liu J, Li TC, Wang J, Wang W, Hou Z, Liu J. The impact of ovarian
stimulation on the outcome of intrauterine insemination treatment: an
analysis of 8893 cycles. BJOG. 2016;123(Suppl 3):70–5.

4. Gaudoin M, Dobbie R, Finlayson A, Chalmers J, Cameron IT, Fleming R.
Ovulation induction/intrauterine insemination in infertile couples is
associated with low-birth-weight infants. Am J Obstet Gynecol. 2003;188:
611–6.

5. Ombelet W, Martens G, De Sutter P, Gerris J, Bosmans E, Ruyssinck G, et al.
Perinatal outcome of 12,021 singleton and 3108 twin births after non-IVF-
assisted reproduction: a cohort study. Hum Reprod. 2006;21:1025–32.

6. Pinborg A, Wennerholm UB, Romundstad LB, Loft A, Aittomaki K,
Soderstrom-Anttila V, et al. Why do singletons conceived after assisted
reproduction technology have adverse perinatal outcome? Systematic
review and meta-analysis. Hum Reprod Update. 2013;19:87–104.

7. Malchau SS, Loft A, Henningsen AK, Nyboe Andersen A, Pinborg A. Perinatal
outcomes in 6,338 singletons born after intrauterine insemination in
Denmark, 2007 to 2012: the influence of ovarian stimulation. Fertil Steril.
2014;102:1110–6.e2.

8. Berntsen S, Soderstrom-Anttila V, Wennerholm UB, Laivuori H, Loft A,
Oldereid NB, et al. The health of children conceived by ART: 'the chicken or
the egg?'. Hum Reprod Update. 2019;25:137–58.

9. Brosens I, Pijnenborg R, Vercruysse L, Romero R. The "great obstetrical
syndromes" are associated with disorders of deep placentation. Am J
Obstet Gynecol. 2011;204:193–201.

10. Blockeel C, Drakopoulos P, Santos-Ribeiro S, Polyzos NP, Tournaye H. A fresh
look at the freeze-all protocol: a SWOT analysis. Hum Reprod. 2016;31:491–7.

11. Oron G, Hiersch L, Rona S, Prag-Rosenberg R, Sapir O, Tuttnauer-Hamburger
M, et al. Endometrial thickness of less than 7.5 mm is associated with
obstetric complications in fresh IVF cycles: a retrospective cohort study.
Reprod BioMed Online. 2018;37:341–8.

12. Kasius A, Smit JG, Torrance HL, Eijkemans MJ, Mol BW, Opmeer BC, et al.
Endometrial thickness and pregnancy rates after IVF: a systematic review
and meta-analysis. Hum Reprod Update. 2014;20:530–41.

13. Craciunas L, Gallos I, Chu J, Bourne T, Quenby S, Brosens JJ, et al.
Conventional and modern markers of endometrial receptivity: a systematic
review and meta-analysis. Hum Reprod Update. 2019;25:202–23.

14. Chung K, Coutifaris C, Chalian R, Lin K, Ratcliffe SJ, Castelbaum AJ, et al.
Factors influencing adverse perinatal outcomes in pregnancies achieved
through use of in vitro fertilization. Fertil Steril. 2006;86:1634–41.

15. Moffat R, Beutler S, Schotzau A, De Geyter M, De Geyter C. Endometrial
thickness influences neonatal birth weight in pregnancies with obstetric
complications achieved after fresh IVF-ICSI cycles. Arch Gynecol Obstet.
2017;296:115–22.

16. Ribeiro VC, Santos-Ribeiro S, De Munck N, Drakopoulos P, Polyzos NP,
Schutyser V, et al. Should we continue to measure endometrial thickness in
modern-day medicine? The effect on live birth rates and birth weight.
Reprod BioMed Online. 2018;36:416–26.

17. Zhang J, Liu H, Mao X, Chen Q, Si J, Fan Y, et al. Effect of endometrial
thickness on birthweight in frozen embryo transfer cycles: an analysis
including 6181 singleton newborns. Hum Reprod. 2019;34:1707–15.

18. Imudia AN, Awonuga AO, Doyle JO, Kaimal AJ, Wright DL, Toth TL, et al.
Peak serum estradiol level during controlled ovarian hyperstimulation is
associated with increased risk of small for gestational age and preeclampsia
in singleton pregnancies after in vitro fertilization. Fertil Steril. 2012;97:1374–
9.

19. Pereira N, Elias RT, Christos PJ, Petrini AC, Hancock K, Lekovich JP, et al.
Supraphysiologic estradiol is an independent predictor of low birth weight
in full-term singletons born after fresh embryo transfer. Hum Reprod. 2017;
32:1410–7.

20. Kleijkers SH, Mantikou E, Slappendel E, Consten D, van Echten-Arends J,
Wetzels AM, et al. Influence of embryo culture medium (G5 and HTF) on

Huang et al. Reproductive Biology and Endocrinology           (2020) 18:48 Page 8 of 9

https://doi.org/10.1186/s12958-020-00597-w
https://doi.org/10.1186/s12958-020-00597-w


pregnancy and perinatal outcome after IVF: a multicenter RCT. Hum Reprod.
2016;31:2219–30.

21. Alviggi C, Conforti A, Carbone IF, Borrelli R, de Placido G, Guerriero S.
Influence of cryopreservation on perinatal outcome after blastocyst- vs
cleavage-stage embryo transfer: systematic review and meta-analysis.
Ultrasound Obstet Gynecol. 2018;51:54–63.

22. Weiss NS, van Vliet MN, Limpens J, Hompes PGA, Lambalk CB, Mochtar MH,
et al. Endometrial thickness in women undergoing IUI with ovarian
stimulation. How thick is too thin? A systematic review and meta-analysis.
Hum Reprod. 2017;32:1009–18.

23. Gadalla MA, Huang S, Wang R, Norman RJ, Abdullah SA, El Saman AM, et al.
Effect of clomiphene citrate on endometrial thickness, ovulation, pregnancy
and live birth in anovulatory women: systematic review and meta-analysis.
Ultrasound Obstet Gynecol. 2018;51:64–76.

24. Chen H, Wang Y, Lyu Q, Ai A, Fu Y, Tian H, et al. Comparison of live-birth
defects after luteal-phase ovarian stimulation vs. conventional ovarian
stimulation for in vitro fertilization and vitrified embryo transfer cycles. Fertil
Steril. 2015;103:1194–201.e2.

25. Huang J, Xie Q, Lin J, Lu X, Wang N, Gao H, et al. Neonatal outcomes and
congenital malformations in children born after dydrogesterone application
in progestin-primed ovarian stimulation protocol for IVF: a retrospective
cohort study. Drug Des Devel Ther. 2019;13:2553–63.

26. Dai L, Deng C, Li Y, Zhu J, Mu Y, Deng Y, et al. Birth weight reference
percentiles for Chinese. PLoS One. 2014;9:e104779.

27. De Geyter C, Schmitter M, De Geyter M, Nieschlag E, Holzgreve W,
Schneider HP. Prospective evaluation of the ultrasound appearance of the
endometrium in a cohort of 1,186 infertile women. Fertil Steril. 2000;73:106–
13.

28. Casper RF. It's time to pay attention to the endometrium. Fertil Steril. 2011;
96:519–21.

29. Catt JW, Henman M. Toxic effects of oxygen on human embryo
development. Hum Reprod. 2000;15(Suppl 2):199–206.

30. Pinborg A, Lidegaard O, la Cour FN, Andersen AN. Consequences of
vanishing twins in IVF/ICSI pregnancies. Hum Reprod. 2005;20:2821–9.

31. Dickey RP, Taylor SN, Lu PY, Sartor BM, Storment JM, Rye PH, et al.
Spontaneous reduction of multiple pregnancy: incidence and effect on
outcome. Am J Obstet Gynecol. 2002;186:77–83.

32. Gjerris AC, Tabor A, Loft A, Christiansen M, Pinborg A. First trimester
prenatal screening among women pregnant after IVF/ICSI. Hum Reprod
Update. 2012;18:350–9.

33. Magnus MC, Ghaderi S, Morken NH, Magnus P, Bente Romundstad L,
Skjaerven R, et al. Vanishing twin syndrome among ART singletons and
pregnancy outcomes. Hum Reprod. 2017;32:2298–304.

34. Pinborg A, Lidegaard O, Freiesleben N, Andersen AN. Vanishing twins: a
predictor of small-for-gestational age in IVF singletons. Hum Reprod. 2007;
22:2707–14.

35. Ahrens KA, Rossen LM, Branum AM. Pregnancy loss history at first parity and
selected adverse pregnancy outcomes. Ann Epidemiol. 2016;26:474–81.e9.

36. Chauhan SP, Beydoun H, Hammad IA, Babbar S, Hill JB, Mlynarczyk M, et al.
Indications for caesarean sections at ≥34 weeks among nulliparous women
and differential composite maternal and neonatal morbidity. BJOG. 2014;
121:1395–402.

37. Tita AT, Landon MB, Spong CY, Lai Y, Leveno KJ, Varner MW, et al. Timing of
elective repeat cesarean delivery at term and neonatal outcomes. N Engl J
Med. 2009;360:111–20.

38. Gabbe SG, Niebyl JR, Simpson JL, Landon MB, Galan HL, Jauniaux ERM, et al.
Obstetrics: Normal and problem pregnancies. 6th ed. Philadelphia: Elsevier
Saunders; 2012.

39. Gonzalez-Comadran M, Urresta Avila J, Saavedra Tascon A, Jimenez R, Sola I,
Brassesco M, et al. The impact of donor insemination on the risk of
preeclampsia: a systematic review and meta-analysis. Eur J Obstet Gynecol
Reprod Biol. 2014;182:160–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Huang et al. Reproductive Biology and Endocrinology           (2020) 18:48 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and population
	Ovarian stimulation and EMT measurement
	Semen preparation and insemination
	Neonatal follow-up
	Outcome assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

