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Abstract

Objective: The purpose of this study was to investigate the effect of gonadotropin dose and

endometrial thickness (EMT) on pregnancy outcome in patients undergoing intrauterine insem-

ination (IUI).

Methods: We retrospectively analyzed data from 361 patients with unexplained infertility or

polycystic ovarian syndrome (PCOS) who underwent 930 IUI cycles treated with gonadotropins.

Then, we measured the effects of gonadotropins and EMTon the clinical pregnancy rate. Finally,

we assessed the association of various doses of gonadotropins on EMT.

Results: The dose of gonadotropins given and thickness of the endometrium were higher in the

pregnancy group than in the nonpregnancy group (636.0 vs. 600.0 IU for gonadotropin dose; 9.15

vs. 8.70mm for EMT). Clinical pregnancy rates were significantly improved by increasing the dose

of gonadotropins (9.1%, <450 IU; 16.2%, 450–599 IU; 18.6%, 600–749 IU, and 17.3%, �750 IU),

or by increased EMT (0%, <5.0mm; 12.2%, 5.0–6.9mm; 15.5%, 7.0–14.0mm; and 33.3%,

>14.0mm).
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Conclusion: Increasing the dose of gonadotropins to stimulate one follicle to develop may

benefit endometrial proliferation and improve IUI outcomes.
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Introduction

Adequate development of the endometrium
is necessary for the successful implantation

of an embryo. Studies have shown that
endometrial thickness (EMT) on the day
of human chorionic gonadotropin (hCG)
administration is positively associated with
pregnancy outcome.1–3 Therefore, EMT is

routinely assessed by vaginal ultrasound in
intrauterine insemination (IUI) as well as in
in vitro fertilization (IVF) treatments to
assess the extent of endometrial develop-

ment.4 However, some studies have shown
no evidence of a relationship between EMT
and pregnancy outcome.5–7 This inconsis-
tent relationship between EMT and

pregnancy might be due to different stimu-
lation protocols because endometrial devel-
opment has been linked to stimulation
protocol.1,7–9 Clomiphene citrate (CC),

which acts as a competitive inhibitor of
estradiol (E2) binding receptors,10 reduces
EMT,9,11–13 whereas gonadotropins neither
alter estrogen receptors nor reduce EMT in

the same way.
Numerous studies have attempted to

identify a cut-off value for thin EMT

below which pregnancy rates are reduced2,14

but this remains unknown. In addition,
gonadotropins, as one option for ovarian
stimulation via E2 production, stimulate

not only follicular growth but also endome-
trial development. However, how the dose of
gonadotropins affects EMT and clinical
pregnancy rate (CPR) is unclear.

In this study, we used gonadotropins to

stimulate the ovaries of patients with unex-

plained infertility or polycystic ovarian

syndrome (PCOS) with the following aims:

(1) to evaluate the effects of the total dose

of gonadotropins and EMT on the day of

hCG administration on IUI outcomes; and

(2) to investigate the relationship between

the dose of gonadotropins and EMT.

Material and methods

Ethical approval

All procedures involving human partici-

pants were performed in accordance with

the recommendations of the institutional

review board of Nanning Maternal and

Child Health Care Hospital and with the

1964 Declaration of Helsinki. This study

was approved by the Nanning Maternal

and Child Health Care Hospital (No. SZ

20190808-2). Patient consent was not

required because the study was conducted

retrospectively.

Patients

We retrospectively analyzed all IUI cycles

treated with gonadotropins during the

period from January 2015 to June 2019.

To limit the bias that exists in a retrospec-

tive study, the inclusion criteria were cou-

ples who were diagnosed with unexplained

infertility or PCOS. The women were under

40 years old with two patent fallopian tubes
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and normal endometrial ultrasound imag-

ing. Their male partners had over 5� 106

spermatozoa/mL after washing. Couples

who had undergone IVF treatment were

excluded. Before applying gonadotropins

as ovarian stimulation, patients with unex-

plained infertility underwent two or three

attempts of IUI without stimulation. All of

these cycles were also excluded. A total of

1014 cycles in patients diagnosed with unex-

plained infertility or PCOS stimulated with

gonadotropins met the inclusion criteria

(Figure 1). Seventy-eight cycles with one

tube blocked and six cycles without

response to gonadotropins were removed

from this study.
The diagnosis of PCOS was made based

on the Rotterdam criteria of European

Society for Human Reproduction and

Embryology (ESHRE)/American Society

for Reproductive Medicine (ASRM).15

Couples were diagnosed with unexplained

infertility when they had failed to conceive

after 12 months of unprotected intercourse

without an established cause of infertility

such as blocked tubes, anovulation, abnor-

mal uterine cavity, or presence of

endometriosis.

Treatments

Administration of gonadotropins started on

day 2 or day 3 of the cycle after excluding

the presence of an ovarian cyst by ultra-

sound. The initial stimulating dose of gona-

dotropins was 75 or 100 IU per day

according to the woman’s age, ovarian

reserve assessment, and body mass index.

Follicle scan was performed by transvaginal

ultrasound examination on day 10 of the

cycle. The dose was adjusted depending on

the development of the follicles. When the

Figure 1. Clinical pregnancy rates and multiple pregnancy rates according to endometrial thickness on the
day of human chorionic gonadotropin administration.
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diameter of the leading follicle reached
18mm, ovulation was triggered with 5000
to 10,000 IU of hCG. The number of pre-
ovulatory follicles (diameter �14mm) and
the EMT were recorded on the day of hCG
administration. A single insemination was
carried out 36 to 40 hours after ovulation
was triggered. Patients with more than
three preovulatory follicles were recom-
mended to cancel IUI or switch to IVF.

Semen samples were collected by mastur-
bation in sterile containers after 3 to 7 days
of abstinence, processed with a two-layer
density gradient (40% and 80%), and then
washed with noncapacitating buffer after
liquefaction. The volume of the washed
semen sample used for insemination was
0.3 to 0.5mL. The sperm suspension was
injected into the uterine cavity with a soft
catheter. Patients were advised to keep in
the supine position for at least 15 minutes
after insemination.

Luteal support was prescribed routinely
in all patients. A serum sample was collect-
ed for hCG measurement 14 days after IUI.
If the hCG test was positive, detection of a
gestational sac by transvaginal ultrasound
confirmed the intrauterine pregnancy after
4 weeks of insemination. The main outcome
was clinical pregnancy, defined as the pres-
ence of a fetal heartbeat.

Statistical analysis

Data were analyzed using SPSS software
(version 17; SPSS Inc., Chicago, IL,
USA). Normality was determined by the
Shapiro-Wilk test. Non-normally distributed
continuous data are expressed as medians
with interquartile ranges. Non-normally dis-
tributed data were analyzed using the
Mann–Whitney U test, and categorical
data were analyzed by Chi-square test and
Fisher’s exact test. The cut-off value for sta-
tistical significance was P< 0.05. The associ-
ation between total dose of gonadotropins
and other variables was analyzed by using

stepwise multiple linear regression.

Multivariate logistic regression analysis

with stepwise selection was used to evaluate

correlations between variable quantity and

occurrence of pregnancy. Odds ratios and

95% confidence intervals (CI) were used

for descriptive analysis. The area under the

receiver operating characteristic (ROC)

curve (AUC) was used to assess the predic-

tive power of gonadotropins and EMT for

the occurrence of clinical pregnancy.

Results

A total of 930 cycles (361 couples) were

included in the study; the CPR was

15.3%. Among 142 clinical pregnancies,

16 were twin gestations (11.3%). The demo-

graphic characteristics of pregnant women

compared with nonpregnant women are

shown in Table 1. Pregnant women were

younger than nonpregnant women (32.0

vs. 33.0 years; P¼ 0.008), required a

higher dose of gonadotropins (636.0 vs.

600.0 IU; P¼ 0.008), and had a thicker

endometrium (9.15 vs. 8.70mm; P¼ 0.039)

on the day of hCG administration. Both

groups had similar levels of follicle-

stimulating hormone, luteal hormone, and

E2; similar durations of infertility; and sim-

ilar numbers of preovulatory follicles.

There was no significant difference in CPR

between patients with unexplained infertili-

ty and PCOS (13.9% vs. 17.9%).
To examine the effect of the total dose of

gonadotropins on IUI outcome, we divided

the dose of gonadotropins into four groups

based on the distribution of dose of gona-

dotropins in our data: <450 IU, 450 to

599 IU, 600 to 749 IU, and �750 IU. As

shown in Figure 2, the CPR was significant-

ly higher in the higher-dose groups (16.2%

in 450–599 IU; 18.6% in 600–749 IU; and

17.3% in �750 IU; P< 0.05) compared

with the lowest dose group (9.1% in

<450 IU). However, there was no
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relationship between the dose of gonado-
tropins and multiple pregnancies.

EMT on the day of hCG administration
ranged from 2.9 to 17.0mm. To investigate
which level of EMT would be detrimental
for pregnancy in IUI cycles, patients were
divided into four groups based on

EMT16,17: (1) <5.0mm, (2) 5.0 to 6.9mm,

(3) 7.0 to 14.0mm, and (4) >14mm; the

first two groups were considered to have

thin EMT, and the fourth group was con-

sidered to have thick EMT. CPR and mul-

tiple pregnancy rates in the four groups of

patients are shown in Figure 3. No

Figure 2. Flowchart of study population.
PCOS, polycystic ovarian syndrome; Gn, gonadotropin; EMT, endometrial thickness.

Table 1. Demographic data related to pregnant and nonpregnant patients.

Characteristic

Clinical pregnancy

(n¼ 142)

Nonpregnancy

(n¼ 788) P-value

Female age (years) 32.0 (29.8–35.0) 33.0 (31.0–36.0) 0.008

FSH (IU/L) 6.90 (5.90–8.00) 7.00 (5.95–8.30) 0.378

LH (IU/L) 4.40 (3.40–6.25) 4.40 (3.30–6.00) 0.544

E2 (pmol/mL) 154.5 (109.3–186.8) 137.0 (103.0–181.0) 0.185

Type of infertility

Primary 73 (13.4%) 471 (86.6%) 0.063

Secondary 69 (17.9%) 317 (82.1%)

Cause of infertility

Unexplained 79 (13.9%) 491 (86.1%) 0.133

PCOS 63 (17.5%) 297 (82.5%)

Duration of infertility (years) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.956

Total dose of gonadotropins (IU) 636.0 (450.0–856.3) 600.0 (412.5–784.0) 0.008

No. of preovulatory follicles 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.126

EMT (mm) 9.15 (7.50–10.63) 8.70 (7.40–10.00) 0.039

Results are expressed as median with interquartile range or number (percentile).

FSH, follicle-stimulating hormone; LH, luteal hormone; E2, estradiol; PCOS, polycystic ovarian syndrome; EMT, endo-

metrial thickness.
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pregnancies occurred when EMT was

<5.0mm. CPR increased with a thicker
EMT (12.2% in the 5.0–6.9mm group,

and 15.5% in the 7.0–14.0mm group)
(P¼ 0.031), with the highest CPR (33.3%)

being observed in the group with EMT
>14mm. CPR appeared to be positively

associated with EMT on the day of hCG

administration (v2¼ 9.611, P¼ 0.022). No
significant difference was observed for mul-

tiple pregnancies within groups.
The demographic characteristics of

patients in the four gonadotropin dose

groups are shown in Table 2. When ovaries
were stimulated with higher doses of gona-

dotropins, EMT increased significantly
(8.00mm in <450 IU, 8.70mm in 450–

599 IU, 9.00mm in 600–749 IU, and

9.10mm in �750 IU; P< 0.01). Stepwise
multiple linear regression analysis was

used to examine the association between
dose of gonadotropins and EMT. In this

model, the total dose of gonadotropins

was taken as the dependent variable, and
parameters having a P-value <0.10 in

Table 2 were entered as independent varia-
bles: E2, type of infertility, cause of infertil-

ity, EMT, and the number of preovulatory
follicles. The analysis revealed that the total

dose of gonadotropins depended on the

type and cause of infertility and influenced

the development of preovulatory follicles

and the endometrium (Table 3).
Multivariate stepwise logistic regression

was conducted to determine the potential

predictive variables that influenced CPR.

Results showed that the age of the woman

and the type of infertility were significantly

associated with CPR (Table 4). Removal of

the gonadotropins parameter from the

model in step 2 of the analysis showed

that gonadotropin was not an independent

variable that affected CPR; neither was

EMT in the final model.
Results of the ROC analysis, using CPR

as a dependent variable and total dose of

gonadotropins and EMT on the day of

hCG administration as predictors, are

shown in Figure 4. The AUCs were 0.57

(95% CI: 0.52–0.62) for gonadotropins and

0.55 (95% CI: 0.50–0.61) for EMT, suggest-

ing that both gonadotropins and EMT are

poor predictive variables for CPR.

Discussion

The relationships between gonadotropin

dose, EMT, and IUI outcome in this

Figure 3. Relationship of dose of gonadotropin to clinical pregnancy rate and multiple pregnancy rate.
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population of patients with unexplained
infertility or PCOS are not clear. To exam-
ine the effect of EMT on IUI outcomes, we
classified patients into four groups based on

EMT. We found that EMT of the clinical
pregnancy group was significantly higher
than that of the nonpregnancy group
(9.15mm vs. 8.70mm; P< 0.05). We also

Figure 4. Receiver operating characteristic (ROC) curve of total dose of gonadotropins and endometrial
thickness (EMT) assessed on the day of human chorionic gonadotropin administration in relation to
achievement of clinical pregnancy. Areas under the ROC curve are 0.57, 95% confidence interval (CI):
0.52–0.62 and 0.55, 95% CI: 0.50–0.61, for total dose of gonadotropin dose and EMT, respectively.

Table 3. Variables associated with dose of gonadotropins analyzed by multivariate
linear regression.

Variable Coefficient Standard error P-value

Endometrial thickness 27.500 5.838 <0.001

Preovulatory follicles 46.531 20.424 0.023

Cause of infertility �135.156 26.795 <0.001

Type of infertility 52.822 26.144 0.044

Constant 502.673 79.797 <0.001

Table 4. Variables associated with clinical pregnancy analyzed by multivariate logistic
regression.

Variable OR 95% CI P-value

Female age 1.069 1.019–1.120 0.006

Endometrial thickness 0.931 0.860–1.007 0.075

Type of infertility 0.667 0.462–0.962 0.030

Constant 2.198 0.394

OR, odds ratio; 95% CI, confidence interval.

8 Journal of International Medical Research



found a positive relationship between EMT
on the day of hCG administration and CPR
in gonadotropin-stimulated IUI cycles
when EMT reached 5mm, with the highest
CPR occurring in the group with EMT
>14mm. Furthermore, our results showed
that the total dose of gonadotropin used as
ovarian stimulation was positively related
to CPR as well as EMT. Our findings sug-
gest that increasing the dose of gonadotro-
pins to trigger one follicle to develop would
benefit endometrial proliferation and
improve IUI outcomes. Cycles of IUI
should not be canceled even if EMT is
>14mm.

Some studies did not find the differences
between pregnancy and nonpregnancy
groups, irrespective of ovarian stimulation
with gonadotropins,17 CC,5 or combined
ovarian stimulation8 in IUI cycles; these
findings were confirmed by Weiss et al. in
a recent review.7 Two possible explanations
for the failure to find such a discrepancy in
EMT are as follows. First, it is not appro-
priate to compare the relationships between
heterogeneous EMT and pregnancy out-
comes across different stimulation proto-
cols because the endometrium responds
differently to different stimulation proto-
cols. The thickness of the endometrium is
greater in gonadotropin-stimulated cycles
than in CC-stimulated cycles.7,9 Second, a
statistical difference may not be found by
simply comparing EMT between pregnancy
and nonpregnancy groups when there is a
nonlinear correlation between pregnancy
and EMT, especially because poor pregnan-
cies occur at both the low and high
extremes of EMT.17

Thin endometrium is thought to be asso-
ciated with low success rates.8,17 It is
thought that, with thin endometrium,
embryos would be too close to the spiral
arteries, and the higher vascularity and
high oxygen concentration would make
embryo implantation difficult.18 However,
to date, there is no consensus on the

definition of “thin” endometrium; a cut-
off value of 6 to 10mm has been used in
most studies.2,14,17,19,20 Interestingly, a
study by Kovacs et al. showed significant
differences in pregnancy rates in groups
below and above an EMT cut-off when
the cut-off was from 10 to 13mm, whereas
no difference was found for EMT cut-offs
>13mm or <10mm, suggesting that dis-
crepant findings in different studies may
be due to different cut-off values.2 In this
study, we did not observe pregnancies when
EMT was <5mm, which agrees with the
finding by Friedler et al. in an IVF study.4

However, because 12.1% CPR (in the 5.0 to
6.9mm EMT group) is considered accepted
in IUI treatment, the practice of canceling
cycles when EMT is <7mm is not recom-
mended. In contrast to the clear association
of thin endometrium with a low chance of
pregnancy, the effect of thickened endome-
trium on pregnancy is conflicting.
Weissman et al. reported significantly
lower implantation and pregnancy rates
among women with EMT >14mm on the
day of hCG administration,21 whereas
other authors have reported no adverse
effect on implantation, pregnancy, or mis-
carriage rates when the EMT was
>14mm.16,17,20,22 In contrast to those
results, our study showed that the highest
CPR was achieved when EMT was >14mm
(the highest was 17mm). Interestingly, our
results showed similarities to studies on
fresh IVF cycles: pregnant women have sig-
nificantly higher EMT than nonpregnant
women,2,23–26 and pregnancy rates improve
as EMT increases.2,23,24,26 These similarities
are not surprising because ovarian stimula-
tion with gonadotropins, as applied in this
study, is commonly used in IVF treatment.

Here, the dose of gonadotropins used
was significantly higher in the pregnancy
group than in the nonpregnancy group.
Better pregnancy outcomes were achieved
when the total dose of gonadotropins was
>450 IU; the pregnancy rate was lower at

Li et al. 9



lesser doses of gonadotropins. Multiple
linear regression analysis revealed that the
dose of gonadotropins was associated with
EMT and preovulatory follicle number.
However, we detected no significant differ-
ence in follicle growth between the pregnan-
cy group and the nonpregnancy group in
the condition of controlling ovarian stimu-
lation aimed at development of one follicle.
This implies that gonadotropins influenced
CPR by developing the endometrium, not
by increasing the follicle number. The ben-
eficial effect of increasing the dose of gona-
dotropins on endometrial proliferation
could occur through regulation of endome-
trial gene expression.27,28 Unlike the detri-
mental effect of supraphysiologic levels of
gonadotropins on endometrial development
in IVF,29 increasing the dose of gonadotro-
pins to stimulate one follicle may benefit
endometrial proliferation.

The average multiple pregnancy rate in
the current study was 11.3%, consisting of
15.3% in women with PCOS and 7.6% in
couples with unexplained infertility (data
not shown). The higher multiple pregnancy
rate in patients with PCOS requires physi-
cians to pay more attention to these
patients when choosing gonadotropins as
an ovarian stimulation protocol.

By multivariable logistic regression anal-
ysis, neither gonadotropins nor EMT was
found to be an independent variable affect-
ing CPR after adjusting for female age and
other potential confounders. Our ROC
curve revealed that neither gonadotropins
nor EMT on the day of hCG administra-
tion could predict pregnancy in
gonadotropin-stimulated IUI cycles, which
is in agreement with previous studies
in IUI cycles5,17 and IVF cycles.2,24,26 We
acknowledge the retrospective nature of
this study as a limitation; however, we elim-
inated the bias of the effects of other varia-
bles on CPR by recruiting patients from the
population of unexplained infertility and
PCOS who were younger than 40 years

and had undergone gonadotropin-

stimulated IUI cycles. The small group

sizes for EMT <5mm and >14mm indicate

the need for larger sample sizes in future

studies.

Conclusions

Clinical pregnancy rate is positively related

to the dose of gonadotropins and EMT

measured on the day of hCG administra-

tion. Increasing EMT is associated with

the dose of gonadotropins administered.

However, neither gonadotropin dose nor

EMT is a good predictor of IUI outcome

in gonadotropin-stimulated cycles. These

findings suggest appropriate doses of gona-

dotropins for patients with unexplained

infertility and PCOS and reinforce that

clinicians should pay attention to endome-

trial development.
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