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Background: The causes of pregnancy failure after intrauterine insemination (IUI) are controversial. The purpose of this study was to
investigate the influencing factors on clinical pregnancy after [UI.

Methods: This study retrospectively analyzed 1464 cycles of IUI performed at the Meizhou People’s Hospital between March 2014
and June 2023. The y test and logistic regression analysis was applied to assess the associations between the some factors (maternal
age, paternal age, cycle type (natural cycle or ovulation induction cycle), hormone level on the day of endometrial transformation
(estradiol (E,), luteinizing hormone (LH), and progesterone (P)), endometrial thickness on the day of endometrial transformation, and
forward motile sperm concentration after treatment) and pregnancy failure.

Results: Among the 1464 IUI cycles in this study, 268 cycles of assisted reproduction resulted in clinical pregnancy, with a clinical
pregnancy rate of 18.3%. During the cycles with clinical pregnancy, there were 25 (12.9%) preterm births and 169 (87.1%) full-term
births. The E, level on the day of endometrial transformation in clinical pregnancy group was higher than that in the pregnancy failure
group (658.79+656.02 vs 561.21+£558.83 pg/mL)(P=0.025). The clinical pregnancy group had a higher percentage of endometrial
thickness between 8 and 13mm on the day of endometrial transformation than the pregnancy failure group (83.2% vs 75.0%)
(P=0.002). The results of regressions analysis showed that low E, level on the day of endometrial transformation (<238.3 pg/mL
vs >238.3 pg/mL: OR 1.493, 95% CI: 1.086-2.052, P=0.014), and endometrial thickness <8mm on the day of endometrial
transformation (<8mm vs 8—13mm: OR 1.886, 95% CI: 1.284-2.771, P=0.001) may increase risk of pregnancy failure performed IUI.
Conclusion: Low estradiol level, and endometrial thickness on the day of endometrial transformation may increase risk of pregnancy
failure performed intrauterine insemination.

Keywords: intrauterine insemination, pregnancy failure, estradiol, endometrial thickness

Introduction

Infertility is defined by the World Health Organization (WHO) as a couple who is unable to conceive after having regular
sexual intercourse for 12 months without using any form of contraception.' It is estimated that 8% to 12% of couples
with reproductive age worldwide are affected by infertility.” Recently, the WHO issued new estimates that about one in
six people worldwide experience infertility at some point in their lives.> And the global burden of infertility disease has
been increasing.* The prevalence of infertility among couples of childbearing age in China is about 25%.> Although
infertility is not life-threatening, for patients with infertility, increased psychological stress and deteriorating relationships
between family members can greatly affect their quality of life. Therefore, the harmful effects of infertility on patients,
their families and society cannot be underestimated.®’ Assisted reproductive technology (ART) is one of the main
methods of assisted pregnancy for infertility patients.”
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Intrauterine insemination (IUT) is an assisted reproductive technology in which sperm is artificially injected into the uterine
cavity after a series of optimization treatments, and then naturally combined with the egg to form a fertilized egg and
implantation.’ TUI is mainly used in male patients with mild asthenospermia, female patients with cervical infertility, and
patients with psychological factors leading to sexual dysfunction and unexplained infertility.'®'" TUI has the characteristics of
simple, non-invasive, low cost, and closer to natural conception, but its clinical pregnancy rate is low (8% to 25%).'? The high
rate of pregnancy failure after IUI increases the psychological pressure of infertility patients, so it is very important to actively
explore the influencing factors of pregnancy failure after IUI. Studies have shown that female age and smoking influence
pregnancy rates in [UI, while there was no significant correlation between ovarian stimulation regimens, endometrium and
pregnancy rate.'>'* Study has shown that different follicle-stimulating hormone (FSH) influence reproductive outcomes of
intrauterine insemination cycles.'” Other studies have shown that TUI pregnancy rates are associated with male age and ovarian
stimulation regimens.'® The pregnancy rate after assisted reproduction is related to the immunophenotype of endometrial
transformation.''® In addition, study has suggested that the pregnancy rate of IUI is not related to the above factors.'”

To sum up, the success rate of IUI is affected by many factors, and there is no uniform conclusion on the influence of each
factor on the pregnancy rate, and there are some different reports in different studies. Therefore, it is of great significance to
explore the influencing factors of TUI to guide patients with infertility to develop personalized treatment plan and improve the
success rate of pregnancy assistance. Therefore, the purpose of this study was to analyze the related influencing factors of
pregnancy failure after IUI. In this study, infertility patients who received IUT in our hospital from March 2014 to June 2023 were
selected as subjects.

Materials and Methods

As of June 2023, there were 1464 cycles with assisted reproductive outcomes among the IUI cycles carried out by the
Reproductive Medicine Center of Meizhou People’s Hospital. In this study, we analyzed the relationship between some
factors and outcomes of these cycles during assisted reproduction. This study is guided by the Declaration of Helsinki
and approved by the Ethics Committee of Meizhou People’s Hospital.

Detailed information on parental characteristics and IUI procedures was collected from the electronic medical records of
Reproductive Medicine Centers. Pregnancy outcomes were obtained from the follow-up database. The risk factors of
pregnancy failure investigated in this study were maternal age, paternal age, cycle type (natural cycle or ovulation induction
cycle), hormone level on the day of endometrial transformation (estradiol (E,), luteinizing hormone (LH), and progesterone
(P)), endometrial thickness on the day of endometrial transformation, and forward motile sperm concentration after treatment.

Maternal age and paternal age was divided into 2 subgroups (<35 years, and >35 years), respectively. According to the
pregnancy outcomes, they were divided into clinical pregnancy and pregnancy failure. Clinical pregnancy refers to positive blood
human chorionic gonadotropin (hCG) on the 14th day after IUI, a vaginal ultrasound examination at the 4th week after [UI
indicates that there is a pregnancy sac in the uterine cavity. Patients were treated in a natural cycle in case of regular cycles. Ovarian
stimulation with clomiphene citrate (CC) or human menopausal gonadotrophin (HMG)/FSH protocols was used in cases of oligo
ovulation or anovulation. With the CC protocol, a single dose of clomiphene citrate (50 mg or 100 mg) was administered on days
3,4,5, 6 and 7 of the cycle. HMG and/or FSH were administered in a minimal dose step-up regimen, starting off with 50 IU or 75
IU on day 3 of the cycle. The partner’s semen sample was first collected and analyzed 30 minutes later, and being prepared using
density gradients. The concentration and motility of all samples were checked. The soft catheter (Ellios™) was used for all TUL

Demographics and clinical characteristics of pregnancies conceived through IUI were calculated by y* test. The
distributions of continuous variables were evaluated by Student’s #-test or the Mann—Whitney U-test. Logistic regression
analysis was applied to assess the associations between the risk factors and pregnancy failure. Data analysis was
performed using SPSS 21.0 (IBM Inc., USA). P<0.05 was considered to represent statistical significance.

Results

Demographics and Clinical Characteristics of Infertility Patients Performed with 1UI
In this study, there were 1296 (88.5%) cycles with the maternal age < 35 years old, and 168 (11.5%) cycles with the
maternal age > 35 years old. There were 1113 (76.0%) cycles with the paternal age < 35 years old, and 351 (24.0%)
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cycles with the paternal age > 35 years old. The IUI cycles included 184 (12.6%) natural cycles and 1280 (87.4%)
ovulation induction cycles. On the day of endometrial transformation, the average E, level was 581.154+577.33pg/mL, the
average LH level was 20.10+£17.66mIU/mL, and the average P level was 0.79+£0.82ng/mL. On the day of endometrial
transformation, there were 298 (20.4%), 1121 (76.6%) and 45 (3.1%) cycles with endometrial thickness less than 8mm,
8—13mm and greater than 13mm, respectively. There were 772 (52.7%) and 692 (47.3%) cycles with forward motile
sperm concentration after treatment less than 30 x10%/mL and not lower than 30 x10%/mL, respectively. In the outcome of
assisted reproduction, there were 268 (18.3%) cycles with clinical pregnancy, 26 (1.8%) cycles with biochemical
pregnancy, and 1170 (79.9%) cycles with pregnancy failure. During the cycles with clinical pregnancy, there were 25
(12.9%) preterm births and 169 (87.1%) full-term births (Table 1).

Comparison of characteristics between clinical pregnancy and pregnancy failure

groups among infertility patients performed Ul

The demographic and clinical characteristics of infertility patients who experienced clinical pregnancy and pregnancy
failure after IUI treatment were compared. Among the cycles with clinical pregnancy, there were 246 (91.8%) cycles with
the maternal age < 35 years old and 22 (8.2%) cycles with the maternal age > 35 years old; there were 215 (80.2%)
cycles with the paternal age < 35 years old and 53 (19.8%) cycles with the paternal age > 35 years old. In the cycles with
pregnancy failure, there were 1029 (87.9%) cycles with the maternal age < 35 years old and 141 (12.1%) cycles with the
maternal age > 35 years old; there were 882 (75.4%) cycles with the paternal age < 35 years old and 288 (24.6%) cycles
with the paternal age > 35 years old. There was no relationship between the age of couples with infertility and the

Table | Demographics and Clinical Characteristics of Infertility Patients in This Study

Dove!

Variables Number/MeantSD | Percentage
Number of cycles 1464
Maternal age (years)
<35 1296 88.5%
>35 168 11.5%
Paternal age (years)
<35 1113 76.0%
>35 351 24.0%
Cycle type
Natural cycle (NC) 184 12.6%
Ovulation induction cycle 1280 87.4%
Hormone level on the day of endometrial transformation
Estradiol (E;) (pg/mL) 581.15+577.33
Luteinizing hormone (LH) (mlU/mL) 20.10£17.66
Progesterone (P) (ng/mL) 0.79+0.82
Endometrial thickness on the day of endometrial transformation (mm)
<8 298 20.4%
8-13 1121 76.6%
>13 45 3.1%
Forward motile sperm concentration after treatment (X 10%/mL)
<30 772 52.7%
230 692 47.3%
Reproductive outcomes
Clinical pregnancy 268 18.3%
Pregnancy failure 1170 79.9%
Biochemical pregnancy 26 1.8%
Premature birth
No 169 87.1%
Yes 25 12.9%
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difference in IUI outcomes (P>0.05). Clinical pregnancy rate was higher in ovulation induction cycles (240/1257, 19.1%)
than in natural cycles (28/181, 15.5%), but the difference was not statistically significant (P=0.263). The E, level on
the day of endometrial transformation in clinical pregnancy group was higher than that in the pregnancy failure group
(658.79+£656.02 vs 561.21+£558.83 pg/mL) (P=0.025). The clinical pregnancy group had a higher percentage of
endometrial thickness between 8 and 13mm on the day of endometrial transformation than the pregnancy failure
group (83.2% vs 75.0%)(P=0.002). And there was no difference found in LH and P levels on the day of endometrial
transformation, and forward motile sperm concentration after treatment between the two groups (all P>0.05) (Table 2).

Comparison of Demographic and Clinical Characteristics of Full-Term Birth Group

and Premature Birth Group

There was no difference found in maternal age, paternal age, cycle type, hormone level on the day of endometrial
transformation, and endometrial thickness on the day of endometrial transformation between full-term birth group and
premature birth group (all P>0.05). The proportion of forward motile sperm concentration after treatment not lower than
30 x10%mL was higher in full-term birth group than that in premature birth group (47.9% vs 36.0%), but the difference
was not statistically significant (P=0.290) (Table 3).

Logistic Regression Analysis of Risk Factors for Pregnancy Failure and Premature Birth
Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cut-off value of E, level.
When clinical pregnancy was taken as the end point of E, level, the cut-off value of E, was 238.3 pg/mL. To gain insight
into the independent influence of clinical characteristics on pregnancy failure, logistic regression analysis was performed.
The results of univariate logistic analysis indicated that low E, level on the day of endometrial transformation and
endometrial thickness <8mm on the day of endometrial transformation may have some effect on pregnancy failure after
performed IUI The results of multiple logistic regression analysis showed that low E, level on the day of endometrial
transformation (<238.3 pg/mL vs >238.3 pg/mL: OR 1.493, 95% CI: 1.086-2.052, P=0.014), and endometrial thickness

Table 2 Comparison of Characteristics Between Clinical Pregnancy and Pregnancy Failure Groups Among Infertility Patients
Performed IUI

Variables Clinical pregnancy | Pregnancy failure | P value

Number of cycles 268 1170

Maternal age (years) (n, %)
<35 246 (91.8%) 1029 (87.9%) 0.087
>35 22 (8.2%) 141 (12.1%)

Paternal age (years) (n, %)
<35 215 (80.2%) 882 (75.4%) 0.095
>35 53 (19.8%) 288 (24.6%)

Cycle type (n, %)
Natural cycle (NC) 28 (10.4%) 153 (13.1%) 0.263
Ovulation induction cycle 240 (89.6%) 1017 (86.9%)

Hormone level on the day of endometrial transformation
Estradiol (E,) (pg/mL) 658.79+656.02 561.21+558.83 0.025
Luteinizing hormone (LH) (mIU/mL) 19.19+15.60 20.33+18.20 0.342
Progesterone (P) (ng/mL) 0.84+0.95 0.77+0.80 0.217

Endometrial thickness on the day of endometrial transformation (mm) (n, %)
<8 35 (13.1%) 258 (22.1%) 0.002
8-13 223 (83.2%) 878 (75.0%)
>13 10 (3.7%) 34 (2.9%)

Forward motile sperm concentration after treatment (x10¢/mL) (n, %)
<30 148 (55.2%) 610 (52.1%) 0.378
230 120 (44.8%) 560 (47.9%)
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Table 3 Comparison of Demographic and Clinical Characteristics of Full-Term Birth Group and Premature Birth Group

Variables Full-term birth | Premature birth | P value
Number of cycles 169 25
Maternal age (years) (n, %)
<35 157 (92.9%) 24 (96.0%) 1.000
>35 12 (7.1%) | (4.0%)
Paternal age (years) (n, %)
<35 135 (79.9%) 20 (80.0%) 1.000
>35 34 (20.1%) 5 (20.0%)
Cycle type (n, %)
Natural cycle (NC) 22 (13.0%) 0 (0) 0.084
Ovulation induction cycle 147 (87.0%) 25 (100.0%)
Hormone level on the day of endometrial transformation
Estradiol (E;) (pg/mL) 625.00+659.17 708.47+520.09 0.546
Luteinizing hormone (LH) (mIU/mL) 19.85+16.50 18.22+12.21 0.635
Progesterone (P) (ng/mL) 0.78+0.70 0.92+0.93 0.371
Endometrial thickness on the day of endometrial transformation (mm) (n, %)
<8 23 (13.6%) 3 (12.0%) 1.000
8-13 140 (82.8%) 21 (84.0%)
>13 6 (3.6%) | (4.0%)
Forward motile sperm concentration after treatment (% 10%/mL) (n, %)
<30 88 (52.1%) 16 (64.0%) 0.290
230 81 (47.9%) 9 (36.0%)

<8mm on the day of endometrial transformation (<8mm vs 8—13mm: OR 1.886, 95% CI: 1.284-2.771, P=0.001) may
increase risk of pregnancy failure performed IUIL In addition, the results of logistic regression analysis showed no
association between the clinical characteristics and the risk of preterm birth (Table 4).

Discussion
Compared with in vitro fertilization/intracytoplasmic sperm injection embryo transfer (IVF/ICSI-ET), IUI has the advantages

2021 and is still the first line of infertility couples to assist pregnancy.”? There are many

of simple, safe, and non-invasive,
factors affecting the pregnancy outcome of [UL'*'® We mainly analyzed the influencing factors of pregnancy after IUI,
including the maternal age, paternal age, cycle type, hormone level on the day of endometrial transformation, endometrial
thickness on the day of endometrial transformation, and forward motile sperm concentration after treatment in this study. The
research results showed that low E, level on the day of endometrial transformation <238.3 pg/mL, and endometrial thickness
<8mm on the day of endometrial transformation may increase risk of pregnancy failure performed UL

Estradiol is an estrogen substance that can maintain endocrine balance, promote female follicle and genital development,
and can be used to evaluate ovarian function. It would be suggested that the individuals with low E, level may have premature
menopause, premature ovarian failure, follicle development and other conditions that affect pregnancy.”® Arzu Yavuz et al
showed that lower level of E, significantly influenced the clinical pregnancy rate after [UL>* Dickey RP et al found that E, is
associated with birth rate after IUL? In addition, study has found that an increase in E, concentration on day 3 of the natural
menstrual cycle is associated with clinical pregnancy rates during IUI treatment.”® Wolff EF et al showed that the pregnancy

1.27

rate after IUI was significantly increased with the increasing serum E, level.”” However, another study has found that the

clinical pregnancy rate of IUI was not affected by serum E, level. **

Endometrial thickness in the 10.5-13.9 mm range was associated with higher conception rates and clinical pregnancy
rates.”” Studies have shown that endometrial thickness was positively correlated with pregnancy rate after [UL'®2%3% Lj
et al found that the increase of endometrial thickness can significantly improve the clinical pregnancy rate after [UL>* In
addition, study has shown that endometrial thickness has no predictive value for TUI outcomes.** Wolff EF et al showed

that the pregnancy rate after IUI was significantly increased with the increasing endometrial thickness.”” Maher MA et al
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Table 4 Logistic Regression Analysis of Risk of Pregnancy Failure and Preterm Birth After IUI

Variables

Pregnancy failure

Preterm birth

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Crude OR P value | Adjusted OR P value | Crude OR P value | Adjusted OR P value
(95% CI) (95% CI) (95% CI) (95% CI)

Maternal age (years)

<35 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

>35 1.555 (0.972-2.486) 0.065 1.348 (0.762-2.383) | 0.304 0.545 (0.068—4.384) 0.568 0.476 (0.046—4.928) | 0.534
Paternal age (years)

<35 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

>35 1.346 (0.970-1.869) 0.076 1.157 (0.776—1.724) | 0.474 0.993 (0.347-2.836) 0.989 1.294 (0.397—4.213) | 0.669
Cycle type

Natural cycle 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Ovulation induction cycle 0.778 (0.508-1.191) 0.248 0.782 (0.507-1.206) | 0.267 - 0.998 - 0.998
Estradiol (E;) level on the day of endometrial
transformation (pg/mL)

22383 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

<2383 1.531 (1.119-2.097) 0.008 1.493 (1.086-2.052) | 0.014 0.300 (0.068-1.329) 0.113 0.296 (0.065-1.347) | 0.115
Endometrial thickness on the day of endometrial
transformation (mm)

8-13 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

<8 1.866 (1.274-2.734) 0.001 1.886 (1.284-2.771) | 0.001 0.870 (0.240-3.151) 0.832 0.867 (0.229-3.275) | 0.833

>13 0.869 (0.424-1.782) 0.702 0.851 (0.413—1.754) | 0.663 I.111 (0.127-9.694) 0.924 0.884 (0.097-8.082) | 0.913
Forward motile sperm concentration after treatment
(%10%/mL)

230 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

<30 0.885 (0.678—1.154) 0.366 0.862 (0.659-1.129) | 0.281 1.636 (0.685-3.908) 0.268 1.733 (0.712—4.221) | 0.226
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found that endometrial thickness had an effect on the outcome, as the likelihood of pregnancy increased with the
increasing endometrial thickness.>> In a retrospective study from China, endometrial thickness <7mm or >14mm is
associated with a lower pregnancy rate.*® In addition, there are some studies that show no relationship between
endometrial thickness and pregnancy after IUL*"*® In addition, Amerigo Vitagliano et al found that endometrial scratch
injury was associated with a higher clinical pregnancy rate of TUI cycles.>® Therefore, it is necessary to consider
“endometrial factor” in the process of TUL*

There are some studies have shown that the total motile sperm was positively correlated with pregnancy outcome after
TUL***"* Huniadi et al found that sperm concentration and motility are important factors in determining IUI outcome.*
Most studies agree that high sperm motility is the key to pregnancy after IUI, but different studies have shown different
thresholds for total motile sperm count. Most data agree that IUI is appropriate for men with a total motile sperm count of more
than 5 million and a post-wash sperm count of more than 1 million.” Muthigi A et al found that TUI pregnancy is the best with
total motile sperm not lower than 9 million, below this level, the pregnancy rate gradually decreased.** Muthigi A et al
suggested that TUI applies to couples when the total sperm count more than 5 million.** In addition, there are some studies
show no relationship between total motile sperm and pregnancy after IUL>****° In this study, there was no statistically
significant difference of pregnancy rate between forward motile sperm concentration not lower than 30 million per milliliter
group and forward motile sperm concentration lower than 30 million per milliliter group.

Through a cohort with a certain number of cycles and corresponding cycle characteristics data, the study results
obtained some factors that may affect pregnancy after IUIL. This study has several shortcomings. First of all, this is
a retrospective study, not a randomized controlled study. Secondly, anti-mullerian hormone and ovulation related
hormones are important indicators to evaluate ovarian reserve function, and relevant data were lacking in this study.
In addition, due to the numerous factors affecting pregnancy, the influence of known or unknown confounding factors
cannot be excluded, and the study results may still be biased.

Conclusions

In summary, the factors associated with pregnancy failure after intrauterine insemination were identified through
a cohort study, the results showed that low estradiol level, and endometrial thickness on the day of endometrial
transformation may increase risk of pregnancy failure performed intrauterine insemination. This study provides
reference data for predicting pregnancy rate after intrauterine insemination by evaluating estradiol level and endo-
metrial thickness.
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