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Purpose: This study aimed to evaluate the comparative reproductive outcomes of
ovarian stimulation combined with intrauterine insemination using partner’s sperm
(OS-1UI) in eumenorrheic and normogonadotropic oligomenorrheic women.

Method: A retrospective cohort study was conducted, including 3833 couples
who underwent 5920 cycles of OS-1Ul between June 2013 and March 2019.
Participants were stratified into two cohorts based on menstrual regularity:
eumenorrheic and normogonadotropic oligomenorrheic. The primary
outcome measured was the live birth rate (LBR) per cycle and cumulative LBR
per couple. Secondary outcomes encompassed the clinical pregnancy rate (CPR)
per cycle, miscarriage rate, and multiple pregnancy rate. Propensity score
matching (PSM) was utilized to balance maternal baseline characteristics.

Results: Prior to PSM, significant differences in CPR, LBR and cumulative LBR
were observed between eumenorrheic and oligomenorrheic women, favoring
the latter (CPR: 11.16% vs. 18.75%; LBR: 9.02% vs. 14.96%; cumulative LBR: 13.60%
vs. 24.25%, P < 0.001). These differences persisted post-PSM (CPR: 9.74% vs.
19.29%; LBR: 7.30% vs. 16.29%; cumulative LBR 7.76% vs. 19.90%, P<0.001).
Multivariate regression analyses revealed that menstrual status was a significant
independent predictor of both CPR (adjusted odds ratio [OR]=1.83 before PSM,
2.24 after PSM) and LBR (adjusted OR=1.90 before PSM, 2.46 after PSM). In the
subgroup analysis, female age was identified as the sole predictor of reproductive
outcomes in oligomenorrheic women undergoing OS-IUl. Conversely, in
eumenorrheic women, factors such as age, duration of infertility, body mass
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index (BMI), ovarian stimulation agents, and the number of dominant follicles
were significant influencers of CPR and LBR.

Conclusion: Normogonadotropic oligomenorrheic women demonstrated
improved reproductive outcomes with OS-IUl, suggesting that tailored
treatment strategies based on menstrual regularity could optimize success
rates in infertility management.

artificial insemination, ovarian stimulation, clinical pregnancy rate, live birth rate,
eumenorrheic, oligomenorrheic

Introduction

Infertility, defined as the inability to achieve a clinical
pregnancy after 12 months of regular, unprotected intercourse, is
a global health issue affecting an estimated 10-15% of couples
worldwide (1). In China, a study by Zheng et al. surveyed 10,742
couples attempting to conceive and reported a prevalence of
subfertility as high as 24.9% (2,680 couples) (2). Intrauterine
insemination (IUT) with the partner’s sperm is recognized as an
initial therapeutic approach for couples facing subfertility (3). IUI is
favored for its minimally invasive nature, patient-friendly approach,
and cost-effectiveness compared to in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI) (4). Additionally, IUT has
not been associated with an increased risk of pregnancy-related
morbidities (5). Despite these advantages, IUI is sometimes
undervalued due to its relatively lower reproductive outcomes
compared to IVF/ICSI. In China, the reported clinical pregnancy
rate (CPR) for IUI is 13.3%, with a delivery rate of 10.5%, while IVF
and ICST have CPRs of 23.2% and 20.5%, and delivery rates of 18.7%
and 16.7%, respectively (6). Nonetheless, IUI combined with
ovarian stimulation continues to be a preferred first-line
treatment for couples with unexplained infertility and mild male
factor infertility (7). Given the relatively lower reproductive
outcomes of IUJ, it is crucial to identify the subfertile population
that may benefit more from this treatment modality.

Successful pregnancy requires the interaction of motile sperm
and viable oocytes. IUI mimics natural conception by introducing
prepared motile sperm into the uterine cavity at the time of
ovulation (7). The success of IUI heavily depends on the quality
of semen preparation and the timing of ovulation. Ovarian
stimulation with intrauterine insemination (OS-IUI) is a
commonly employed fertility treatment that aims to enhance the
chances of conception in infertile couples. This approach combines
ovarian stimulation, which promotes the development of multiple
follicles and ovulation, with TUI, which introduces prepared motile
sperm directly into the uterine cavity at the time of ovulation. By
doing so, OS-IUI seeks to maximize the interaction between viable
oocytes and motile sperm, thereby increasing the likelihood of
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fertilization and pregnancy. Eumenorrheic women, those with
regular menstrual cycles, typically exhibit regular ovulatory cycles,
and may be expected to respond well to ovarian stimulation, as their
bodies are already programmed for regular ovulation. On the other
hand, normogonadotropic oligomenorrheic women, who have
normal gonadotropin levels but irregular or absent menstrual
cycles, may experience sporadic or absent ovulation, and require
more intensive ovarian stimulation to achieve optimal follicle
development and ovulation (8-11). Ovulatory dysfunction in
normogonadotropic oligomenorrheic women can be addressed
through ovarian stimulation. The success of OS-IUI in these
women may also depend on the precise timing of insemination,
as their ovulation patterns are less predictable.

Despite the importance of proper ovulation and the availability
of motile sperm, there remains unclear whether eumenorrheic and
normogonadotropic oligomenorrheic women can equally benefit
from OS-IUL To address this knowledge gap, the present study
compares the reproductive outcomes of eumenorrheic and
normogonadotropic oligomenorrheic women following OS-IUI.
The comparison between eumenorrheic and normogonadotropic
oligomenorrheic women in the context of OS-IUI is crucial to
identifying the optimal population for this treatment approach. By
understanding how these two groups respond differently to ovarian
stimulation and IUI, healthcare providers can tailor fertility
treatments more effectively, enhancing the efficacy of OS-IUI and
improving reproductive outcomes for infertile couples.

Methods
Study population and design

This study was conducted as a retrospective cohort analysis of real-
world data of patients who received OS-IUI at our institution between
June 2013 and March 2019. The study population comprised 5920 ITUI
cycles from 3833 couples meeting the following inclusion criteria: 1)
females under 40 years of age with at least one patent fallopian tube, as
confirmed by hysterosalpingography or laparoscopy; 2) eumenorrheic
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women with regular menstrual cycle (cycle length ranged from 21 to
35 days), and normogonadotropic oligomenorrheic women.
Normogonadotropic women are defined as those with normal levels
of gonadotropins (follicle-stimulating hormone (FSH) and luteinizing
hormone (LH)) within the reference range for their age and menstrual
cycle phase, without other endocrine abnormalities such as
hyperprolactinemia or thyroid dysfunction. In the current study,
normogonadotropic oligomenorrheic women were identified based
on their hormonal profiles and ultrasound findings, confirming oligo-
anovulation or anovulation, with menstrual cycle lengths exceeding 35
days; 3) IUI cycles involving ovarian stimulation; 4) presence of 1 to 3
dominant follicles (> 14 mm) on the ovulation trigger day; 5) single
IUT procedure within a cycle; 6) and no more than 3 cycles of TUL
Exclusion criteria included luteinized unruptured follicles, artificial
insemination with donor semen, and incomplete patient information.
Indications for IUI included ovulation dysfunction in oligomenorrheic
women, mild male factor infertility [defined by sperm concentration >
10 x 10%ml but < 15 x 10%/ml and/or progressive motility > 10% but <
32% (12, 13)], unexplained infertility, cervical factor infertility, mild
endometriosis, and immunological infertility.

Ovarian stimulation and Ul procedure

Ovarian stimulation, semen preparation, and insemination
procedures were performed according to established protocols
(14). Transvaginal ultrasonography was conducted on cycle days
3 to 5 to exclude ovarian cysts larger than 30 mm. All IUI procedure
was performed under OS using letrozole (LE), clomiphene citrate
(CC), gonadotropins (Gn, including human menopausal
gonadotropin, HMG or urine-follitropin, Livzon Corp., China),
letrozole and gonadotropins (LE + Gn), or clomiphene citrate and
gonadotropins (CC + Gn) based on patient condition, and/or
physician and patient preference. The ovarian stimulation
protocol was as follows: 1) LE at 2.5-5 mg/d or CC 50-100 mg/d
was administered for five consecutive days, starting on cycle days 3
to 5. 2) 37.5-75 IU/d Gn was initiated on cycle days 3 to 5, with
varying durations based on the ovarian response. 3) In cases where
LE or CC alone did not result in significant follicular recruitment,
additional Gn at 37.5 to 112.5 IU/d was provided according to the
ovarian response. Follicular development was monitored via
transvaginal ultrasound, and hormonal levels (LH, E2, and P)
were regularly assessed. Stimulation continued until at least one
follicle with a diameter > 17 mm ovulated. Ovulation was triggered
with human chorionic gonadotropin (HCG, 6000-10,000 IU,
Livzon Corp., China) when the leading follicle reached > 17 mm
in diameter, the serum LH level increased, and the leading follicle
was at least 14 mm in diameter, or serum progesterone
concentrations > 1.5 pg/l with the leading follicle > 14 mm in
diameter. A single IUI was performed 12 to 36 hours later. Semen
was collected via masturbation and prepared using density gradient
centrifugation within one-hour post-ejaculation. Luteal phase
support was provided using micronized progesterone (vaginal
capsule, 200 mg twice daily), and serum B-HCG levels were
assessed approximately 14 days post-insemination.
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For cycle management, if the number of dominant follicles on
the day of HCG administration exceeded two, cycles were not
automatically cancelled. Instead, patients were closely monitored
and thoroughly counseled regarding the increased risk of multiple
pregnancies associated with multiple dominant follicles. The
decision to proceed with or cancel the cycle was made on a case-
by-case basis, considering the patient’s preferences and

clinical circumstances.

QOutcomes

The primary outcome of this study was the live birth rate (LBR)
per cycle and cumulative LBR per couple. Secondary outcomes
included CPR, miscarriage rate, and multiple pregnancy rate per
cycle. Live birth was determined as the delivery of at least one live
offspring after gestational 28 weeks. Cumulative LBR was calculated
by dividing the number of women achieving at least one live birth
by the total number of women who underwent IUI, considering all
cycles until the first live birth was achieved, with a follow-up period
of up to two years after the initial OS-IUI cycle. Women were not
included in the analysis after having a first delivery. Clinical
pregnancy was confirmed by transvaginal ultrasonography 4 to 5
weeks post-insemination. Spontaneous miscarriage was defined as
intrauterine pregnancy loss before 27 weeks and 6 days of gestation.
Multiple pregnancy was identified by the observation of more than
one gestational sac by sonography. All above rates were calculated
based on for every insemination cycle but not every initiation cycle
(14, 15).

Statistical analysis

Statistical analyses were conducted using SPSS version 25 (IBM
Inc., Armonk, NY, USA). Normal distribution of continuous variables
was assessed using the One-Sample Kolmogorov-Smirnov Test.
Skewed variables were compared using the Mann-Whitney U test.
Categorical variables were expressed as frequencies and proportions
and compared using the chi-square test. Multivariate logistic
regression analysis was employed to evaluate the independent effects
of potential factors on reproductive outcomes. To address potential
confounding due to imbalanced baseline characteristics, propensity
score matching (PSM) was utilized. The PSM model was developed
using logistic regression, and matching was performed without
replacement using the nearest neighbor random matching
algorithm. The matching ratio was set at 1:1, with factors including
female age, duration of infertility, body mass index (BMI), AMH levels,
ovarian stimulation agents, and the number of dominant follicles. A
caliper value of 0.001 was applied to ensure a precise match while
minimizing the reduction in sample size. After matching, 534 cases
were paired, and no significant differences in baseline characteristics
were observed between the two groups (all P > 0.05). Reproductive
outcomes for women with regular and irregular menstruation were
compared before and after PSM adjustment. All tests were two-sided
and P value < 0.05 was considered statistically significant.
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Results

Comparisons of basic
clinical characteristics

Our study encompassed 5920 cycles of OS-IUI, which included
3968 cycles from 2623 eumenorrheic women and 1952 cycles from
1210 oligomenorrheic women. By utilizing PSM algorithm,
we successfully paired and assigned 534 cases to both the
eumenorrheic and oligomenorrheic groups (shown in Figure 1).

The comparative analysis of baseline characteristics, both before
and after matching, were presented in Table 1. Prior to matching,
significant differences were observed between the eumenorrheic and
oligomenorrheic groups in terms of maternal age (median 31 vs. 30
years old, P < 0.001), duration of infertility (3.47 + 2.08 vs. 3.70 +
2.20 years, P = 0.002), BMI (21.37 + 3.15 vs. 22.24 + 593 kg/mz,
P < 0.001), methods of ovarian stimulation (P < 0.001), and
endometrial thickness (8.43 + 2.67 vs. 8.60 + 2.58 mm, P
0.046). Following PSM, no significant differences were detected in

the basic clinical characteristics between the eumenorrheic and
oligomenorrheic groups, indicating a successful balance of the
cohorts. This matching process ensured that subsequent analyses
were conducted on comparable groups, thereby enhancing the
validity of the study findings.

The overall cancellation rate due to multiple follicular
development was 2.48% (101/4069) in eumenorrheic women and
5.43% (112/2064) in normogonadotropic oligomenorrheic women.
These cancellation rates refer to cycles that were cancelled prior to
IUT and are not included in the analyzed data, which focuses solely

10.3389/fendo.2024.1441796

on cycles where IUI was performed. Therefore, the presented results
represent the outcomes of treatment cycles that proceeded to IUIL
After PSM, only cycles with IUT performed were matched, ensuring
that the comparison of outcomes was based on comparable groups.
Consequently, no cancelled cycles were included in the
PSM analysis.

Comparisons of reproductive outcomes of
OS-IUI between eumenorrheic and
oligomenorrheic group

The analysis of reproductive outcomes following OS-IUI
procedures revealed significant differences between eumenorrheic
and oligomenorrheic women, as detailed in Table 2. Before the
PSM, the CPR was markedly higher in the oligomenorrheic group
compared to the eumenorrheic group, with percentages of 18.75%
(366/1952) versus 11.16% (443/3968), respectively (P < 0.001).
Similarly, the LBR was also higher in the oligomenorrheic group,
at 14.96% (292/1952) compared to 9.02% (358/3968) in the
eumenorrheic group (P < 0.001). A similar trend was also
observed considering of cumulative LBR (13.65% vs. 24.13%,
P < 0.001). After PSM, these differences persisted, with the
oligomenorrheic group maintaining a higher CPR of 19.29%
(103/534) compared to the eumenorrheic group’s 9.74% (52/534)
(P < 0.001). Likewise, the LBR per cycle and cumulative LBR per
couple remained significantly higher in the oligomenorrheic group
compare with eumenorrheic group (LBR per cycle: 7.30% vs.
16.29%, and cumulative LBR per couple 7.76% vs. 19.90%,

Cycles met inclusion criteria
N = 6042

J

Excluded cases
Luteinized unruptured follicles (n=35)
Insemination with donor semen
(n=58)

| Incomplete information (n=29)

Cycles included for analysis
N = 5920

]

l

l

Eumenorrheic group
(2623 women with 3968 cycles)

Normogonadotropic oligomenorrheic

group (1210 women with 1952 cycles)

l Propensity score matching l

Eumenorrheic group (502

women with 534 cycles)

Normogonadotropic oligomenorrheic

group (437 women with 534 cycles)

FIGURE 1
The research design diagram.
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TABLE 1 Basic clinical characteristics and fertility treatment results of OS-1UI.

Before PSM After PSM
Characteristics Eumenorrheic = Oligomenorrheic P Eumenorrheic = Oligomenorrheic P
N = 3968 N =1952 N =534 N =534
Female age (years old) 31 (26, 36) 30 (26, 34) < 0.001 31 (26, 36) 30 (25, 35) 0.472
Duration of infertility (years) 3.47 £2.08 3.70 £2.20 0.002 3.54 +1.82 3.50 +2.11 0.056
Female BMI (kg/mz) 21.37 £ 3.15 2224 £593 < 0.001 21.49 +£3.18 21.44 £ 329 0.951
AMH (ng/ml) 4.80 + 343 8.04 + 4.56 < 0.001 577 + 3.54 5.80 + 3.48 0.606
Basal FSH(u/L) 557 + 141 520 +1.33 < 0.001 542 + 1.45 525+ 1.48 0.052
Basal LH(u/L) 3.78 £ 1.88 5.75 + 4.07 < 0.001 370 + 1.71 4.72 £ 3.10 0.001
Basal E,(pmol/L) 128.01 + 48.28 122.11 + 47.54 < 0.001 126.19 + 58.57 119.65 + 48.44 0.065
Ovulation stimulating (n/%) < 0.001 0.907
LE 402/10.43% 164/8.56% 51/9.55% 52/9.74%
LE + Gn 120/ 3.11% 172/8.98% 23/4.31% 21/3.93%
CC 448/11.62% 201/10.50% 38/7.12% 46/8.61%
CC + Gn 132/3.42% 232/12.11% 17/3.18% 15/2.81%
Gn 2753/71.41% 1146/59.84% 405/75.84% 400/74.90%
Type of infertility (n/%) 0.111 0.296
Primary infertility 2547/64.22% 1295/ 66.34% 368/68.91% 352/65.92%
Secondary infertility 1419/35.78% 657/33.66% 166/31.09% 182/34.08%
Couples with mild male factor (n/%) 0.669 0.426
Mild male factor 1926/48.54% 959/49.13% 283/53.00% 270/50.56%
Indications for IUI (n/%) < 0.001 0.205
Unexplained infertility 1718 /43.30% 918/47.03% 211/39.51% 237/44.38%
Cervical infertility 56/1.41% 21/1.08% 3/0.56% 3/0.56%
Mild male factor 1926/48.54% 959/49.13% 283/53.00% 270/50.56%
Mild endometriosis 268/6.75% 54/2.77% 37/6.93% 24/4.49%
TMSC after sperm preparation (x10%) | 29.27 + 25.05 30.21 £ 25.45 0.104 27.43 £ 22.57 28.43 +24.85 0.054
Hormonal levels on HCG day
E,(pmol/L) 1586.12 + 835.15 1618.32 + 850.16 0.234 1583.80 + 788.36 1532.90 + 798.69 0.340
LH(u/L) 1591 £ 13.35 13.82 £ 12.17 < 0.001 14.62 + 12.07 13.79 £ 12.29 0.326
P(nmol/L) 1.56 + 1.32 1.36 £ 1.25 < 0.001 1.40 + 1.10 127 £ 1.08 0.109
Number of follicles > 14 mm on 0.834 0.844
HCG day (n/%)
One 3062/77.17% 1493/76.49% 402/75.28% 410/76.78%
Two 745/18.78% 376/19.26% 109/20.41% 103/19.29%
Three 161/4.06% 83/4.25% 23/4.31% 21/3.93%
Endometrial thickness on HCG 8.43 +2.67 8.60 + 2.58 0.046 8.62 + 2.50 8.75 +2.48 0.383
day (mm)
Cancellation due to multi-follicle 2.48% (101/4069) 5.43% (112/2064) NA NA
%(n)

IUI, intrauterine insemination with husband sperm; PSM, propensity score matching; BMI, body mass index; AMH, anti-Mullerian hormone; LE, letrozole; CC, clomiphene citrate; Gn,
gonadotropin; TMSC, total motility sperm count; HCG, human chorion gonadotropin.
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TABLE 2 Reproductive outcomes of OS-IUI between cycles with eumenorrheic and oligomenorrheic women.

Reproductive outcomes Before PSM After PSM
%(n)

Eumenorrheic Oligomenorrheic P Eumenorrheic Oligomenorrheic P

N = 3968 N = 1952 N = 534 N = 534
Clinical pregnancy rate 11.16% (443/3968) 18.75% (366/1952) < 0.001 9.74% (52/534) 19.29% (103/534) < 0.001
Live birth rate 9.02% (358/3968) 14.96% (292/1952) < 0.001 7.30% (39/534) 16.29% (87/543) < 0.001
Cumulative live birth rate 13.60% (357/2625) 24.25% (293/1208) < 0.001 7.76% (39/502) 19.90% (87/437) < 0.001
Spontaneous miscarriage rate 16.82% (73/434) 18.11% (65/359) 0.635 22.00% (11/50) 15.53% (16/103) 0.325
Ectopic pregnancy rate 2.48% (11/443) 1.91% (7/366) 0.584 3.85% (2/52) 0.00% (0/103) 0.111
Multiple pregnancy rate 6.09% (27/443) 9.02% (33/366) 0.114 7.69% (4/52) 6.80% (7/103) 0.837

IUI, intrauterine insemination with husband sperm; PSM, propensity score matching.

P < 0.001). These results suggest that, after adjusting for
confounding factors, oligomenorrheic women undergoing OS-IUI
have a better chance of achieving a clinical pregnancy and live birth
per cycle, and this benefit was also evident in cumulative live birth.
Nevertheless, there were no significant differences in the rates of
spontaneous miscarriage, ectopic pregnancy, and multiple
pregnancy between the two groups, both before and after PSM.

The effect of menstruation status on
reproductive outcomes

To evaluate the influence of menstrual status on CPR and LBR
per cycle, we conducted univariate and multivariate regression
analyses both before and after PSM. The results, as detailed in
Table 3, consistently indicated a significant association between
oligomenorrheic status and improved reproductive outcomes.
Before PSM, univariate regression analysis revealed that
oligomenorrheic women had a higher likelihood of achieving a
clinical pregnancy (OR=1.84, 95% CI=1.58-2.13; P < 0.001) and live
birth (OR=1.77, 95% CI=1.50-2.09; P < 0.001). After adjusting for
potential confounders in the multivariate regression model, the
association remained robust, with adjusted ORs of 1.83 (95%
CI =1.52-2.21) for CPR and 1.90 (95% CI =1.54-2.34) for LBR,
again both statistically significant (P <0.001). Post-PSM, the
univariate analysis continued to demonstrate a significant
increase in the likelihood of clinical pregnancy (OR=2.22, 95%
CI=1.55-3.17) and live birth (OR=2.47, 95%=CI 1.66-3.68) in
oligomenorrheic women. The multivariate regression analysis,
which accounted for baseline characteristics, further confirmed
these findings with adjusted ORs of 2.24 (95% CI 1.44-3.49) for
CPR and 2.46 (95% CI = 1.50-4.02) for LBR, both indicating a
higher chance of these outcomes in oligomenorrheic women
(P < 0.001). The consistency of these results across both
univariate and multivariate analyses, and their persistence after
PSM, underscored the independent effect of menstrual status on
reproductive outcomes following OS-TUL
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Factors affecting the reproductive
outcomes of OS-1Ul within eumenorrheic
and oligomenorrheic group

To discern the determinants influencing the reproductive
outcomes of OS-IUT within regular and irregular menstrual groups,
we performed multivariate logistic regression analyses. The findings, as
outlined in Tables 4, 5, shed light on several factors with independent
impacts on CPR and LBR for each menstrual group. In the
eumenorrheic group, female age and the duration of infertility were
identified as negative predictors for both CPR and LBR, with adjusted
ORs 0f 0.97 (95% CI 0.93-0.99) and 0.90 (95% CI 0.85-0.97) for CPR,
and 0.95 (95% CI 0.92-0.99) and 0.88 (95% CI 0.82-0.96) for LBR,
respectively. Conversely, female BMI demonstrated a positive
association with both CPR and LBR, with adjusted ORs of 1.05 (95%
CI 1.00-1.09 P = 0.021) and 1.06 (95% CI 1.01-1.10; P = 0.009),
respectively. The TMSC after sperm preparation was another factor
positively associated with reproductive outcomes, with adjusted ORs of
1.01 (95% CI 1.00-1.01; P<0.01) for both CPR and LBR, indicating that
higher BMI and TMSC were linked to better reproductive outcomes.
Furthermore, the type of ovarian stimulation used had a significant
impact. Specifically, cycles induced with clomiphene citrate and
gonadotropins (CC + Gn) or gonadotropins alone (Gn) exhibited
numerically higher CPR and LBR compared to those induced with
letrozole (LE). The adjusted ORs for CPR were 2.43 (95% CI 1.2-4.86; P
=0.012) for CC + Gn and 1.92 (95% CI 1.20-3.06; P = 0.006) for Gn,
while for LBR, the adjusted ORs were 3.29 (95% CI 1.53-7.05; P =
0.002) for CC + Gn and 2.11 (95% CI 1.21-3.68; P = 0.008) for Gn.
Additionally, a higher number of dominant follicles on HCG day was
predictive of increased CPR and LBR, as evidenced by adjusted ORs of
1.51 (95% CI 1.13-2.02; P = 0.006) for two follicles and 1.70 (95% CI
1.02-2.85; P = 0.042) for three follicles in CPR, as well as 1.54 (95% CI
1.11-2.13; P = 0.010) for two follicles in LBR.

In the oligomenorrheic group, advanced female age was
associated with a decreased LBR, with an adjusted OR of 0.95
(95% CI 0.91-0.99; P=0.031), suggesting a lower likelihood of live
birth with increasing age. Women with cervical factors had an
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TABLE 3 Univariate and multivariate regression analyses of menstruation status on reproductive outcomes.

Univariate regression Multivariate regression
OR (95% Cl) Adjusted OR (95% Cl)
Eumenorrheic = Oligomenorrheic P Eumenorrheic = Oligomenorrheic P
Before PSM
Clinical pregnancy Ref 1.84 (1.58 - 2.13) < 0.001 Ref 1.83 (1.52 - 2.21) < 0.001
Live birth Ref 1.77 (1.50 - 2.09) < 0.001 Ref 1.90 (1.54 - 2.34) < 0.001
After PSM
Clinical pregnancy Ref 2.22 (1.55 - 3.17) < 0.001 Ref 2.24 (1.44 - 3.49) < 0.001
Live birth Ref 247 (1.66 - 3.68) < 0.001 Ref 2.46 (1.50 - 4.02) < 0.001

OR, odds ratio; 95% CI, 95% confidential index; PSM, propensity score matching; Ref, reference.

TABLE 4 Multivariate logistic regression analyses for clinical pregnancy and live birth outcomes within cycles of eumenorrheic women.

Cycles of eumenorrheic women (N=3968)

Clinical pregnancy P Live birth

Adjusted OR (95% ClI) Adjusted OR (95% Cl)
Female age (years old) 0.97 (0.93 -0.99) 0.049 0.95 (0.92 - 0.99) 0.017
Duration of infertility (years) 0.90 (0.85 - 0.97) 0.003 0.88 (0.82 - 0.96) 0.002
Female BMI (kg/mz) 1.05 (1.00 - 1.09) 0.021 1.06 (1.01 - 1.10) 0.009
AMH (ng/ml) 1.00 (0.99 - 1.00) 0.804 1.00 (0.99 - 1.01) 0.844
Cycle No. 0.88 (0.73 - 1.05) 0.155 0.88 (0.72 - 1.08) 0.229

Type of infertility

Primary Ref Ref

Secondary 1.09 (0.84 - 1.41) 0.516 1.07 (0.80 - 1.43) 0.652

Ovulation stimulating (%)

LE Ref Ref

LE + Gn 1.65 (0.75 - 3.65) 0.213 1.95 (0.79 - 4.78) 0.145
cc 1.23 (0.69 - 2.20) 0.482 145 (0.74 - 2.84) 0.275
CC + Gn 243 (1.21 - 4.86) 0.012 3.29 (1.53 - 7.05) 0.002
Gn 1.92 (1.20 - 3.06) 0.006 2.11 (1.21 - 3.68) 0.008

Infertile factors

Unexplained Ref Ref

Cervical 0.65 (0.15 - 2.82) 0.561 0.86 (0.20 - 3.81) 0.845

Mild male factor 1.03 (0.80 - 1.32) 0.835 0.97 (0.74 - 1.29) 0.855

Mild endometriosis 0.92 (0.55 - 1.55) 0.758 0.92 (0.51 - 1.64) 0.768
TMSC after sperm preparation (x10°) 1.01 (1.001 - 1.01) 0.001 1.01 (1.001 - 1.01) 0.004

Number of follicles > 14 mm on HCG day

One Ref Ref

Two 1.51 (1.13 - 2.02) 0.006 1.54 (1.11 - 2.13) 0.010

Three 1.70 (1.02 - 2.85) 0.042 1.72 (0.97 - 3.03) 0.061
Endometrial thickness on HCG day (mm) 1.00 (0.96 - 1.05) 0.945 0.99 (0.94 - 1.04) 0.755

UL, intrauterine insemination with husband sperm; OR, odds ratio; 95% CI, 95% confidential index; BMI, body mass index; AMH, anti-Mullerian hormone; LE, letrozole; CC, clomiphene citrate;
Gn, gonadotropin; TMSC, total motility sperm count; HCG, human chorion gonadotropin.
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TABLE 5 Multivariate logistic regression analyses for clinical pregnancy and live birth outcomes within cycles of oligomenorrheic women.

Cycles of oligomenorrheic women (N=1952)

Clinical pregnancy P Live birth
OR (95% Cl) OR (95% ClI)

Female age (years old) 0.96 (0.92 - 1.00) 0.068 0.95 (0.91 - 0.99) 0.031
Duration of infertility (years) 0.94 (0.88 - 1.01) 0.115 0.93 (0.86 - 1.01) 0.074
Female BMI (kg/mz) 1.01 (0.99 - 1.03) 0.486 1.01 (0.99 - 1.01) 0.459
AMH (ng/ml) 1.01 (0.98 - 1.04) 0.621 1.00 (0.99 - 1.03) 0.927
Cycle No. 1.11 (0.89 - 1.37) 0.355 1.02 (0.80 - 1.28) 0.898
Type of infertility

Primary Ref Ref

Secondary 1.03 (0.76 - 1.40) 0.837 1.07 (0.77 - 1.49) 0.675
Ovulation stimulating (%)

LE Ref Ref

LE + Gn 1.22 (0.66 - 2.26) 0.534 1.65 (0.82 - 3.31) 0.158

cc 0.64 (0.32 - 1.25) 0.188 0.91 (0.43 - 1.91) 0.800

CC + Gn 0.92 (0.51 - 1.69) 0.799 1.21 (0.61 - 2.41) 0.581

Gn 1.04 (0.63 - 1.69) 0.888 1.41 (0.80 - 2.48) 0.237
Infertile factors

Unexplained Ref Ref

Cervical 1.01 (1.48 - 21.91) 0.011 2.84 (0.69 - 11.74) 0.149

Mild male factor 1.02 (0.76 - 1.36) 0.902 1.03 (0.76 - 1.41) 0.830

Mild endometriosis 0.44 (0.13 - 1.47) 0.180 0.56 (0.17 - 1.88) 0.346
TMSC after sperm preparation (x10°) 1.00 (0.99 -1.01) 0.686 1.00 (0.99 - 1.01) 0.942
Number of follicles > 14 mm on
HCG day

One Ref Ref

Two 1.27 (0.91 - 1.78) 0.165 1.28 (0.89 - 1.83) 0.185

Three 1.38 (0.75 - 2.55) 0.297 1.05 (0.52 - 2.12) 0.895
Endometrial thickness on HCG day (mm) 1.05 (0.99 - 1.11) 0.102 1.03 (0.97 - 1.10) 0.312

IUI, intrauterine insemination with husband sperm; OR, odds ratio; 95% CI, 95% confidential index; BMI, body mass index; AMH, anti-Mullerian hormone; LE, letrozole; CC, clomiphene citrate;

Gn, gonadotropin; TMAC, total motility sperm count; HCG, human chorion gonadotropin.

increased CPR (adjusted OR = 1.01, 95% CI 1.48-21.91; P = 0.011),
although the association did not reach conventional levels of
statistical significance in LBR (adjusted OR = 2.84, 95% CI 0.69-
11.74; P = 0.149). The impact of female BMI, AMH levels, and cycle
number on reproductive outcomes was not statistically significant
in the oligomenorrheic group, indicating that these factors may be
less influential in this population.

Discussion

The present study’s findings, derived from a comprehensive
retrospective analysis of 5920 OS-IUI cycles, contribute significantly
to the field of reproductive medicine. Our results indicated that

Frontiers in Endocrinology

oligomenorrheic women experienced superior CPR and LBR per
cycle as well as cumulative LBR per couple following OS-IUI when
compared to eumenorrheic women, both before and after PSM.
This observation holds substantial clinical relevance, as it suggests
that OS-IUI may be a particularly effective treatment option for
women with menstrual irregularities, a common characteristic in
those with infertility.

Successful conception relies on various factors, including
adequate motile sperm count, ovulation, and fallopian tube
patency. OS-IUI has demonstrated efficacy in treating infertility
due to unexplained or mild male factors (16). The use of ovarian
stimulation agent may rectify subtle ovulatory disorder (1, 17).
Additionally, IUI bypasses the cervical barrier, allowing for a more
direct placement of prepared, highly motile sperm into the uterine
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cavity. This not only ensures that a higher concentration of sperm
reaches the fallopian tubes but also reduces the risk of sperm being
hindered by cervical mucus abnormalities or other factors that
might impede their progress. The efficacy of OS-IUI in promoting
fertility can be attributed to the combined effect of these two
interventions: ovarian stimulation, which provides one or more
optimal follicles, and IUI, which ensures a sufficient number of
motile sperm are available in the uterus at the optimal time for
fertilization. This synergy increases the likelihood of successful
conception by maximizing the chances of sperm and egg
encountering each other under favorable conditions (16, 18).
Mechanistically, ovarian stimulation primes the ovaries to
produce follicles containing mature eggs, while TUI ensures that
sperm are efficiently transported past potential barriers and
concentrated in the vicinity of the fallopian tubes. The resulting
increase in the number and quality of available gametes, as well as
the timing of their encounter, enhances the chances of fertilization
and subsequent implantation, leading to improved pregnancy
outcomes both per cycle and cumulatively over time. Importantly,
even when controlling for baseline characteristics and cycle features,
the cumulative benefit of OS-IUT in terms of live birth rates persists,
highlighting its effectiveness as a fertility treatment option.

When compared to IVF, OS-IUI presents as a cost-effective and
less invasive option for couples with unexplained infertility, mild male
factors, cervical factors, and mild endometriosis (18). However, the
primary criticism of IUT is its lower success rate compared to IVF. The
2013 guidelines from the UK National Institute for Health and Care
Excellence (NICE) recommended against the use of IUI for couples
with unexplained infertility, mild endometriosis, and mild male factors
(19). Despite of this, IUI continues to be offered in many institutions
due to its aforementioned benefits. In China, OS-IUI remains as the
first-line treatment for unexplained infertile couples and those with
mild male factors (20). A publication supporting the NICE guidelines
suggested that ovarian stimulation with IUT or IUT in a natural cycle
does not significantly improve live birth outcomes compared to
expectant management (21). However, the choice of treatment may
not be the sole factor influencing this conclusion; rather, the selection
of an appropriate patient population may be the key influencer.
Women with specific characteristics may benefit more from OS-IUI
than the general population. The primary objective of this study is to
identify the optimal population for OS-IUL Specifically, we aim to
determine whether eumenorrheic women, who have normal
ovulation, or oligomenorrheic women, who achieve ovulation with
the aid of ovarian stimulation, can benefit from OS-TUI with improved
reproductive outcomes.

Our study revealed a significant improvement in successful
pregnancy rates among women with oligomenorrhea. This
enhancement in reproductive outcomes persisted in oligomenorrheic
women even after adjusting for confounding factors such as female age,
infertility duration, and ovarian reserve tests, aligning them with their
eumenorrheic counterparts. A compelling rationale underpinning this
phenomenon is that ovulation stimulation (OS) precisely tackles the
core infertility challenge in oligomenorrheic individuals, often
manifested as anovulation or suboptimal ovulation. By optimizing
the ovulation process, OS, when coupled with intrauterine
insemination (TUI), significantly boosts the chances of conception.
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A plausible rationale for this observation is that OS directly
tackles their primary infertility challenge, in oligomenorrheic
individuals, often manifested as anovulation or suboptimal
ovulation. By optimizing the ovulatory process, OS, when coupled
with IUI, boosts the likelihood of achieving pregnancy. In contrast,
eumenorrheic women, In contrast, eumenorrheic women, whose
menstrual cycles are typically regular and accompanied by adequate
ovulation, may encounter infertility barriers rooted in different
etiologies. These may encompass fertilization impediments
despite sperm motility within normal ranges or instances of
oocyte maturation arrest, which are less directly addressed by OS-
IUI protocols. (22-24). Consequently, the therapeutic benefit of OS-
IUI may be mitigated in this population, as it does not
comprehensively target the underlying causes of their infertility.
Moreover, the presence of subtle endometrial abnormalities or
receptor deficiencies in oligomenorrheic patients, which may be
undetected or underappreciated, could also contribute to their
improved response to OS-IUIL Enhanced endometrial receptivity
following ovulation induction may create a more conducive
environment for embryo implantation, thus facilitating
pregnancy. Conversely, in eumenorrheic women, the endometrial
environment may already be optimized, limiting the additional
benefit conferred by ovulation stimulation. This aligns with findings
from other studies, that suggested OS-IUI may not significantly
enhance reproductive outcomes in women without ovulatory
disorders (25, 26). Devilbiss et al. also reported that sporadic
anovulation in regularly menstruating women had a minimal
effect on cumulative pregnancy rates, which may explain why OS-
IUI does not substantially improve outcomes in eumenorrheic
women compared to oligomenorrheic ones (27).

The decision to proceed with IUI should be highly individualized,
considering the couple’s specific circumstances. Identifying factors
that influence the success of OS-IUI is crucial prior to medical
consultation. Our study aimed to delineate key determinants of
pregnancy to maximize the probability of conception following OS-
UL The significance of maternal age is underscored by its correlation
with fertility decline; thus, IUI may offer limited benefits to women
over the age of 40 (28, 29). Our cohort included only couples under 40
years of age, undergoing up to three IUI cycles. This approach aligns
with other studies that reported a decrease in pregnancy rates with
increasing maternal age (30-32). OS-IUL as a primary treatment
option, allows infertile women with irregular menstrual cycles to
potentially bypass unnecessary IVF procedures, especially younger
couples. Nonetheless, caution is advised when recommending OS-IUT
to older women.

In addition to maternal age, the duration of infertility and BMI
were also pivotal before proceeding with OS-IUI for eumenorrheic
women. Both factors are widely acknowledged as vital predictors of
pregnancy outcomes (33). The positive association between BMI
and reproductive success in eumenorrheic women suggests that
optimal weight management may be conducive to enhance the
efficacy of fertility treatments. Notably, when infertility extends
beyond six years, the success rate of IUI diminishes significantly
(34). The lower pregnancy rates associated with OS-IUT could result
in an extended time to conception, impacting fertility, particularly
in women with advanced age and prolonged infertility.
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Consequently, OS-IUI may be more advantageous for younger
subfertile eumenorrheic women with a shorter history of
subfertility (35). Recommending OS-IUI to older eumenorrheic
women with a longer duration of subfertility should be done
with prudence.

Bi-follicular stimulation has been reported to enhance the
chances of pregnancy in subfertile women with regular
menstruation (14, 36). Our IUI protocol stipulated that the
number of dominant follicles (with diameters > 14mm) should
not exceed three to minimize the risk of multiple pregnancies (37).
Achieving the presence of two dominant follicles is considered an
optimal goal for ovarian stimulation in IUI, balancing pregnancy
chances with the risk of multiples (38). The type of ovarian
stimulation used also emerged as a significant factor. Our results
indicate that CC + Gn or Gn-only stimulation protocols led to
better outcomes compared to LE-induced cycles. This could be due
to the fact that gonadotropins promote a more robust follicular
development and are associated with higher pregnancy rates (39).
These findings are supported by other studies that have shown the
efficacy of gonadotropin-based stimulation in TUT cycles (40, 41).

To the best of our knowledge, this study is one of the pioneering
efforts to elucidate the influence of menstrual regularity on the
pregnancy outcomes of OS-IUIL By leveraging a substantial sample
size and a comprehensive statistical approach, including
multivariable regression analysis and PSM processing, we
minimized the impact of potential confounders and established a
robust correlation between menstrual regularity and the success rate
of OS-IUL Our study provides a detailed comparison of reproductive
outcomes between eumenorrheic and normogonadotropic
oligomenorrheic women undergoing OS-IUL While it is well-
established that women with ovulation disorders, such as
oligomenorrhea, benefit from ovulation induction, our study offers
new insights by directly comparing their outcomes with those of
eumenorrheic women, who have regular menstrual cycles but may
still experience infertility. The primary significance of our study lies in
its focus on the differential reproductive outcomes between these two
distinct groups. By emphasizing the importance of personalized
treatment strategies based on menstrual regularity, our findings
suggest that normogonadotropic oligomenorrheic women may
achieve better reproductive outcomes with OS-IUI compared to
eumenorrheic women. This information can guide clinicians in
making informed decisions about treatment options for their
patients. Additionally, our study utilizes a large dataset of real-
world clinical data, providing robust evidence on the effectiveness
of OS-IUI in different subgroups of infertile women. The use of PSM
to adjust for potential confounders further enhances the reliability of
our findings and supports the validity of our conclusions.
Nonetheless, our study was not without limitations. Certain
variables, such as the number of antral follicles, were not included
in the analysis due to the retrospective nature of the study. Because
this study was based on retrospective analysis of real-world data,
cumulative LBR was determined on actual number of finished cycles
rather than predetermined number of cycles until they reach
successful pregnancy. The dropout of participants who failed the
first or second cycle cannot be completely avoided. A well-designed
prospective study is warranted to validate our findings.
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In conclusion, our study indicated that infertile
oligomenorrheic women experience more favorable pregnancy
outcomes following OS-IUI compared to their eumenorrheic
counterparts. The implementation of OS-IUI strategies should be
considerate of menstrual status. Young couples dealing with
oligomenorrhea should be particularly encouraged to pursue OS-
IUL Similarly, for young eumenorrheic women with a brief history
of infertility, OS-IUI is a viable recommendation. Employing CC
plus Gn or Gn alone for ovarian stimulation and aiming for bi-
follicular development may lead to enhanced reproductive
outcomes. Consequently, it is judicious to prioritize OS-IUI as a
treatment option for normogonadotropic oligomenorrheic women
facing infertility challenges.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethical Review
Report from Ethical Committee of The Third Affiliated Hospital of
Guangzhou Medical University Approval number 2021-005. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

SL: Conceptualization, Formal analysis, Funding acquisition,
Methodology, Writing — original draft, Writing - review & editing,
Data curation, Investigation, Resources. YL: Data curation, Formal
analysis, Investigation, Methodology, Writing - original draft. CW:
Data curation, Investigation, Methodology, Writing — original draft,
Formal analysis. RY: Investigation, Writing - original draft, Data
curation. JuL: Data curation, Investigation, Writing — original draft.
ZC: Data curation, Investigation, Writing — original draft. JiL: Data
curation, Funding acquisition, Investigation, Resources, Writing —
review & editing. HL: Investigation, Resources, Supervision,
Writing - review & editing. MC: Conceptualization, Formal
analysis, Funding acquisition, Methodology, Validation, Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by Science and Technology Projects in Guangzhou
(No. 202201020212), National Key R&D Program of China
(2022YFC2702504), Xinjiang Support Rural Science and
Technology (Special Correspondent) Program in Guangdong

frontiersin.org


https://doi.org/10.3389/fendo.2024.1441796
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al.

Province (KTPYJ 2023014) and Plan on enhancing scientific
research in GMU (No. 2023SRP216).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Weiss NS, Kostova E, Nahuis M, Mol BW]J, van der Veen F, van Wely M.
Gonadotrophins for ovulation induction in women with polycystic ovary syndrome.
Cochrane Database Syst Rev. (2019) 1:Cd010290. doi: 10.1002/14651858.CD010290.pub3

2. Zheng D, Zhou Z, Li R, Wu H, Xu S, Kang Y, et al. Consultation and treatment
behaviour of infertile couples in China: a population-based study. Reprod BioMed
Online. (2019) 38:917-25. doi: 10.1016/j.rbmo.2018.11.034

3. Moreau J, Gatimel N, Simon C, Cohade C, Lesourd F, Parinaud J, et al. Age-
specific anti-Mullerian hormone (AMH) levels poorly affects cumulative live birth rate
after intra-uterine insemination. Eur ] Obstet Gynecol Reprod Biol. (2019) 3:100043.
doi: 10.1016/j.eurox.2019.100043

4. Michau A, El Hachem H, Galey ], Le Parco S, Perdigao S, Guthauser B, et al.
Predictive factors for pregnancy after controlled ovarian stimulation and intrauterine
insemination: A retrospective analysis of 4146 cycles. ] Gynecol Obstet Hum Reprod.
(2019) 48:811-5. doi: 10.1016/j.jogoh.2019.05.006

5. Dayan N, Joseph KS, Fell DB, Laskin CA, Basso O, Park AL, et al. Infertility
treatment and risk of severe maternal morbidity: a propensity score-matched cohort
study. Cmaj. (2019) 191:E118-€27. doi: 10.1503/cmaj.181124

6. Bai F, Wang DY, Fan YJ, Qiu J, Wang L, Dai Y, et al. Assisted reproductive
technology service availability, efficacy and safety in mainland China: 2016. Hum
Reprod. (2020) 35:446-52. doi: 10.1093/humrep/dez245

7. Kandavel V, Cheong Y. Does intra-uterine insemination have a place in modern
ART practice? Best Pract Res Clin Obstet Gynaecol. (2018) 53:3-10. doi: 10.1016/
j-bpobgyn.2018.08.003

8. Sasaki RS, Approbato MS, Maia MC, Fleury EA, Giviziez CR, Zanluchi N.
Patients’ auto report of regularity of their menstrual cycles. Medical history is very
reliable to predict ovulation. A cross-sectional study. JBRA Assist Reprod. (2016)
20:118-22. doi: 10.5935/1518-0557.20160027

9. O’Flynn N. Assessment and treatment for people with fertility problems: NICE
guideline. Br ] Gen Pract. (2014) 64:50-1. doi: 10.3399/bjgp14X676609

10. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al.
Recommendations from the international evidence-based guideline for the
assessment and management of polycystic ovary syndrome. Fertil Steril. (2018)
110:364-79. doi: 10.1016/j.fertnstert.2018.05.004

11. DeVilbiss EA, Sjaarda LA, Mumford SL. Routine assessment of ovulation is
unlikely to be medically necessary among eumenorrheic women. Fertil Steril. (2020)
114:1187-8. doi: 10.1016/j.fertnstert.2020.08.014

12. Reproductive Andrology Group CMDA. Chinese expert consensus on diagnosis
and treatment of asthenospermia. Chin ] Reprod Conception. (2021) 41:586-92. doi:
10.3760/cma.j.cn101441-20210520-00224

13. Reproductive Andrology Group CMDA. Chinese expert consensus on the
diagnosis and treatment of oligospermia. Chin ] Reprod Conception. (2021) 41:593-9.
doi: 10.3760/cma.j.cn101441-20210418-00177

14. Li S, He Y, Cao M, Liu H, Liu J. Low-dose human menopausal gonadotrophin
versus natural cycles in intrauterine insemination for subfertile couples with regular
menstruation. J Ovarian Res. (2020) 13:36. doi: 10.1186/s13048-020-00638-3

15. Huang S, Wang R, Li R, Wang H, Qiao J, Mol BW]J. Ovarian stimulation in
infertile women treated with the use of intrauterine insemination: a cohort study from
China. Fertil Steril. (2018) 109:872-8. doi: 10.1016/j.fertnstert.2018.01.008

16. Rutten A, van Ballegooijen H, Broekmans F, Cohlen B. Insights into ovarian
response with a fixed low dose FSH stimulation in an IUI programme: the PRORAILS
study. Hum Reprod. (2022) 37:1440-50. doi: 10.1093/humrep/deac076

17. Franik S, Le QK, Kremer JA, Kiesel L, Farquhar C. Aromatase inhibitors
(letrozole) for ovulation induction in infertile women with polycystic ovary
syndrome. Cochrane Database Syst Rev. (2022) 9:Cd010287. doi: 10.1002/
14651858.CD010287.pub4

18. Osmanlioglu §, Siikiir YE, Tokgoz VY, Ozmen B, Sonmezer M, Berker B, et al.
Intrauterine insemination with ovarian stimulation is a successful step prior to assisted
reproductive technology for couples with unexplained infertility. J Obstet Gynaecol.
(2022) 42:472-7. doi: 10.1080/01443615.2021.1916805

Frontiers in Endocrinology

11

10.3389/fendo.2024.1441796

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

19. Fields E, Chard J, James D, Treasure T. Fertility (update): summary of NICE
guidance. Bmj. (2013) 346:£650. doi: 10.1136/bmj.f650

20. Medicine TFSotCoCSoR. CSRM consensus on diagnosis and treatment of
unexplained infertility. J Reprod Med. (2019) 28(9):984-92. doi: 10.3969/j.issn.1004-
3845.2019.09.002

21. Bhattacharya S, Harrild K, Mollison J, Wordsworth S, Tay C, Harrold A, et al.
Clomifene citrate or unstimulated intrauterine insemination compared with expectant
management for unexplained infertility: pragmatic randomised controlled trial. Bmj.
(2008) 337:a716. doi: 10.1136/bmj.a716

22. Johnson LN, Sasson IE, Sammel MD, Dokras A. Does intracytoplasmic sperm
injection improve the fertilization rate and decrease the total fertilization failure rate in
couples with well-defined unexplained infertility? A systematic review and meta-
analysis. Fertil Steril. (2013) 100:704-11. doi: 10.1016/j.fertnstert.2013.04.038

23. LiuZ, Zhu L, Wang ], Luo G, Xi Q, Zhou X, et al. Novel homozygous mutations
in PATL2 lead to female infertility with oocyte maturation arrest. ] Assist Reprod Genet.
(2020) 37:841-7. doi: 10.1007/s10815-020-01698-6

24. Practice Committee of the American Society for Reproductive Medicine. Testing
and interpreting measures of ovarian reserve: a committee opinion. Fertil Steril. (2020)
114:1151-7. doi: 10.1016/j.fertnstert.2020.09.134

25. Zhang K, Shi Y, Wang E, Wang L, Hu Q, Dai Y, et al. Ovarian stimulated cycle:
not a better alternative for women without ovulation disorder in intrauterine
insemination. Oncotarget. (2017) 8:100773-80. doi: 10.18632/oncotarget.22052

26. Oduola OO, Ryan GA, Umana E, Conway U, Purandare N. Ovulation induction:
comparing success rates between anovulatory and ovulatory cycles using different
treatment protocols. Gynecol Endocrinol. (2019) 35:978-80. doi: 10.1080/
09513590.2019.1613642

27. DeVilbiss EA, Stanford JB, Mumford SL, Sjaarda LA, Kim K, Zolton JR, et al.
Sporadic anovulation is not an important determinant of becoming pregnant and time
to pregnancy among eumenorrheic women: A simulation study. Paediatr Perinat
Epidemiol. (2021) 35:143-52. doi: 10.1111/ppe.12692

28. Plosker SM, Jacobson W, Amato P. Predicting and optimizing success in an
intra-uterine insemination programme. Hum Reprod. (1994) 9:2014-21. doi: 10.1093/
oxfordjournals.humrep.a138385

29. Wiser A, Shalom-Paz E, Reinblatt SL, Son WY, Das M, Tulandi T, et al. Ovarian
stimulation and intrauterine insemination in women aged 40 years or more. Reprod
BioMed Online. (2012) 24:170-3. doi: 10.1016/j.rbmo.2011.11.007

30. Ghosh C, Buck G, Priore R, Wacktawski-Wende J, Severino M. Follicular response
and pregnancy among infertile women undergoing ovulation induction and intrauterine
insemination. Fertil Steril. (2003) 80:328-35. doi: 10.1016/S0015-0282(03)00601-0

31. Stone BA, Vargyas JM, Ringler GE, Stein AL, Marrs RP. Determinants of the
outcome of intrauterine insemination: analysis of outcomes of 9963 consecutive cycles.
Am ] Obstet Gynecol. (1999) 180:1522-34. doi: 10.1016/S0002-9378(99)70048-7

32. Harris ID, Missmer SA, Hornstein MD. Poor success of gonadotropin-induced
controlled ovarian hyperstimulation and intrauterine insemination for older women.
Fertil Steril. (2010) 94:144-8. doi: 10.1016/j.fertnstert.2009.02.040

33. Hansen KR, He AL, Styer AK, Wild RA, Butts S, Engmann L, et al. Predictors of
pregnancy and live-birth in couples with unexplained infertility after ovarian
stimulation-intrauterine insemination. Fertil Steril. (2016) 105:1575-83.e2.
doi: 10.1016/j.fertnstert.2016.02.020

34. Tomlinson MJ, Amissah-Arthur JB, Thompson KA, Kasraie JL, Bentick B.
Prognostic indicators for intrauterine insemination (IUI): statistical model for TUI
success. Hum Reprod. (1996) 11:1892-6. doi: 10.1093/oxfordjournals.humrep.a019513

35. Hughes EG. Stimulated intra-uterine insemination is not a natural choice for the
treatment of unexplained subfertility. ‘Effective treatment’ or ‘not a natural choice’?
Hum Reprod. (2003) 18:912-4. doi: 10.1093/humrep/deg216

36. Merviel P, Labarre M, James P, Bouée S, Chabaud JJ, Roche S, et al. Should
intrauterine inseminations still be proposed in cases of unexplained infertility?
Retrospective study and literature review. Arch Gynecol Obstet. (2022) 305:1241-54.
doi: 10.1007/500404-021-06351-w

frontiersin.org


https://doi.org/10.1002/14651858.CD010290.pub3
https://doi.org/10.1016/j.rbmo.2018.11.034
https://doi.org/10.1016/j.eurox.2019.100043
https://doi.org/10.1016/j.jogoh.2019.05.006
https://doi.org/10.1503/cmaj.181124
https://doi.org/10.1093/humrep/dez245
https://doi.org/10.1016/j.bpobgyn.2018.08.003
https://doi.org/10.1016/j.bpobgyn.2018.08.003
https://doi.org/10.5935/1518-0557.20160027
https://doi.org/10.3399/bjgp14X676609
https://doi.org/10.1016/j.fertnstert.2018.05.004
https://doi.org/10.1016/j.fertnstert.2020.08.014
https://doi.org/10.3760/cma.j.cn101441-20210520-00224
https://doi.org/10.3760/cma.j.cn101441-20210418-00177
https://doi.org/10.1186/s13048-020-00638-3
https://doi.org/10.1016/j.fertnstert.2018.01.008
https://doi.org/10.1093/humrep/deac076
https://doi.org/10.1002/14651858.CD010287.pub4
https://doi.org/10.1002/14651858.CD010287.pub4
https://doi.org/10.1080/01443615.2021.1916805
https://doi.org/10.1136/bmj.f650
https://doi.org/10.3969/j.issn.1004-3845.2019.09.002
https://doi.org/10.3969/j.issn.1004-3845.2019.09.002
https://doi.org/10.1136/bmj.a716
https://doi.org/10.1016/j.fertnstert.2013.04.038
https://doi.org/10.1007/s10815-020-01698-6
https://doi.org/10.1016/j.fertnstert.2020.09.134
https://doi.org/10.18632/oncotarget.22052
https://doi.org/10.1080/09513590.2019.1613642
https://doi.org/10.1080/09513590.2019.1613642
https://doi.org/10.1111/ppe.12692
https://doi.org/10.1093/oxfordjournals.humrep.a138385
https://doi.org/10.1093/oxfordjournals.humrep.a138385
https://doi.org/10.1016/j.rbmo.2011.11.007
https://doi.org/10.1016/S0015-0282(03)00601-0
https://doi.org/10.1016/S0002-9378(99)70048-7
https://doi.org/10.1016/j.fertnstert.2009.02.040
https://doi.org/10.1016/j.fertnstert.2016.02.020
https://doi.org/10.1093/oxfordjournals.humrep.a019513
https://doi.org/10.1093/humrep/deg216
https://doi.org/10.1007/s00404-021-06351-w
https://doi.org/10.3389/fendo.2024.1441796
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al.

37. Evans MB, Stentz NC, Richter KS, Schexnayder B, Connell M, Healy MW, et al.
Mature follicle count and multiple gestation risk based on patient age in intrauterine
insemination cycles with ovarian stimulation. Obstet Gynecol. (2020) 135:1005-14.
doi: 10.1097/A0G.0000000000003795

38. van Rumste MM, Custers IM, van der Veen F, van Wely M, Evers JL, Mol BW.
The influence of the number of follicles on pregnancy rates in intrauterine insemination
with ovarian stimulation: a meta-analysis. Hum Reprod Update. (2008) 14:563-70.
doi: 10.1093/humupd/dmn034

39. Fisher SA, Reid RL, Van Vugt DA, Casper RF. A randomized double-blind
comparison of the effects of clomiphene citrate and the aromatase inhibitor letrozole on

Frontiers in Endocrinology

12

10.3389/fendo.2024.1441796

ovulatory function in normal women. Fertil Steril. (2002) 78:280-5. doi: 10.1016/
$0015-0282(02)03241-7

40. Weiss NS, Nahuis MJ, Bordewijk E, Oosterhuis JE, Smeenk JM, Hoek A, et al.
Gonadotrophins versus clomifene citrate with or without intrauterine insemination in
women with normogonadotropic anovulation and clomifene failure (M-OVIN): a
randomised, two-by-two factorial trial. Lancet. (2018) 391:758-65. doi: 10.1016/S0140-
6736(17)33308-1

41. Diamond MP, Legro RS, Coutifaris C, Alvero R, Robinson RD, Casson P, et al.
Letrozole, gonadotropin, or clomiphene for unexplained infertility. N Engl ] Med.
(2015) 373:1230-40. doi: 10.1056/NEJMoal414827

frontiersin.org


https://doi.org/10.1097/AOG.0000000000003795
https://doi.org/10.1093/humupd/dmn034
https://doi.org/10.1016/S0015-0282(02)03241-7
https://doi.org/10.1016/S0015-0282(02)03241-7
https://doi.org/10.1016/S0140-6736(17)33308-1
https://doi.org/10.1016/S0140-6736(17)33308-1
https://doi.org/10.1056/NEJMoa1414827
https://doi.org/10.3389/fendo.2024.1441796
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Improved reproductive outcomes in normogonadotropic oligomenorrheic women undergoing ovarian stimulation with intrauterine insemination: a retrospective cohort analysis of real-world data
	Introduction
	Methods
	Study population and design
	Ovarian stimulation and IUI procedure
	Outcomes
	Statistical analysis

	Results
	Comparisons of basic clinical characteristics
	Comparisons of reproductive outcomes of OS-IUI between eumenorrheic and oligomenorrheic group
	The effect of menstruation status on reproductive outcomes
	Factors affecting the reproductive outcomes of OS-IUI within eumenorrheic and oligomenorrheic group

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


