
Zhao et al. 
European Journal of Medical Research          (2023) 28:402  
https://doi.org/10.1186/s40001-023-01377-z

RESEARCH

Pregnancy outcomes of intrauterine 
insemination in young patients with diminished 
ovarian reserve: a multicenter cohort study
Min Zhao1*, Qing Huan2, Lisa Huang1, Lin Yang1 and Meng Dong3* 

Abstract 

Background To date, there is no consensus on whether intrauterine insemination (IUI) treatment is required 
in young patients with diminished ovarian reserve (DOR). Pregnancy outcomes in young DOR patients undergoing 
IUI are controversial. The existing studies are all single-center studies, with no existing multicenter cohort studies. The 
purpose of this multicenter study was to investigate the pregnancy outcomes of young DOR patients undergoing IUI.

Methods This multicenter cohort study included a total of 4600 cycles in 2204 infertile patients who underwent IUI 
treatment in three reproductive medical centers between September 2018 and January 2022. The research subjects 
were divided into two groups according to their serum anti-Müllerian hormone (AMH) levels. Propensity score match-
ing (PSM) was used to match the research subjects at a ratio of 1:4. The pregnancy outcomes in the two groups were 
compared.

Results There was no significant difference in the clinical pregnancy rates (CPR), biochemical rates, and ectopic 
pregnancy rates between the two groups (P > 0.05). There were, however, significant differences in the miscarriage 
rates between the groups (P < 0.05). The live birth rates (LBR) were 6.6 vs. 9.9 between the two groups. The multivari-
able logistic regression models reveal that body mass index, AMH were significantly correlated with CPR; AMH were 
significantly correlated with LBR; BMI, follicle stimulating hormone were significantly correlated with miscarriage rate.

Conclusions The clinical pregnancy rate of DOR patients was not significantly different from that of NOR patients; 
however, the miscarriage rates were significantly different from those of NOR patients.
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Introduction
With age, oocyte and follicle pools gradually decrease, 
which is accompanied by a decline in female fertility 
[1]. However, women of the same age may have differ-
ent fertility rates owing to ovarian responses. Ovarian 
reserve (OR) refers to the ability of follicles in the cortical 
region of the ovary to grow, develop, and form fertilizable 
oocytes, which is dependent on the number and quality 
of follicles in the ovary [2]. Diminished ovarian reserve 
refers to the reduced ability of the ovaries to produce 
oocytes due to advanced age and congenital, medical, 
or surgical reasons. OR is often assessed clinically using 
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multiple tests, including blood biomarkers and ultra-
sound [2, 3]. In all experiments assessing OR, the serum 
anti-Müllerian hormone (AMH) concentration and 
antral follicle count (AFC) were considered to be indi-
cators of the optimal value for evaluating ovarian func-
tion [2, 3]. An experimental model further confirmed 
that AMH and AFC can accurately predict the size of the 
antral follicle pool and ovarian response to gonadotropin 
stimulation [4, 5].

AMH and AFC are important indicators for diagnos-
ing DOR [6, 7]. DOR describes women of reproduc-
tive age with regular menses whose response to ovarian 
stimulation or fecundity is reduced compared to that in 
women of the same age [2, 5]. However, whether or not 
young patients with DOR require IUI treatment has not 
yet been clarified. IUI is a common first-line treatment 
for infertility in women. Patients with low fertility due 
to mild male factors, unknown causes, or endometriosis 
are usually treated with IUI before in vitro fertilization-
embryo transfer (IVF-ET) treatment [8, 9]. However, 
there is controversy regarding whether young infertile 
women with DOR are preferably treated with IUI. A 
study examining DOR patients aged < 35  years, com-
pared with age-matched patients with normal ovarian 
reserve, compared 370 DOR patients with AMH < 1.0 ng/
mL to 2649 patients with AMH ≥ 1.0 ng/ml. There were 
no significant differences in the HCG-positive, bio-
chemical loss, clinical pregnancy, first pregnancy, and 
live birth rates between the two groups [10]. In another 
study, which grouped patients according to the Poseidon 
criteria (75 DOR patients with 153 cycles and 287 NOR 
patients with 617 cycles), pregnancy, miscarriage, and 
multiple pregnancy rates were similar among the groups 
[11]. A study in Chinese Taipei obtained the opposite 
result; their study concluded that AMH levels had a sig-
nificant independent effect on pregnancy outcomes, and 
low AMH levels were associated with a lower chance of 
clinical pregnancy [12].

To date, there is no consensus on whether IUI is 
required in young patients with DOR. Pregnancy out-
comes in young DOR patients compared to those in NOR 
patients undergoing IUI are controversial. The existing 
studies are all single-center studies, with no existing mul-
ticenter cohort studies. This study included data from 
three reproductive centers: one in northeastern China, 
one in southwestern China, and one in eastern China. 
The purpose of this multicenter study was to investigate 
the pregnancy outcomes of young (aged < 35 years) DOR 
patients undergoing IUI. We aim to explore the clinical 
application value of IUI in young patients with DOR. 
Through this research, we will explore the best fertility 
treatment options for young patients with DOR and pro-
vide reference data for clinical decision-making.

Materials and methods
Participants
This multicenter cohort study included a total of 4600 
cycles in 2204 infertile patients who underwent IUI treat-
ment in three reproductive medical centers (Mianyang 
Central Hospital, affiliated to University of Electronic 
Science and Technology of China; Shengjing Hospital, 
affiliated to China Medical University; and Shandong 
Provincial Hospital, affiliated to Shandong First Medi-
cal University) between September 2018 and January 
2022 (Additional file  1: Fig. S1). All patients were arti-
ficially inseminated. The inclusion criteria were as fol-
lows: aged ≤ 35  years, AMH < 1.1  ng/ml. The exclusion 
criteria included endocrine system diseases, abnormal 
thyroid function, hyperprolactinemia, endometriosis, 
uterine malformation, intrauterine adhesions, urinary 
system infection, combined hypertension and diabetes, 
history of tuberculosis, and total number of spermatozoa 
with forward motility after semen optimization on IUI 
day < 10 ×  106. This study has been approved by the ethics 
committee (approval number: S-2021-013) and conforms 
to the principles of the Declaration of Helsinki.

Grouping criteria
According to the Bologna consensus and Poseidon cri-
teria [6, 7], the research subjects were divided into two 
groups according to their serum AMH levels (experimen-
tal group, < 1.1  ng/ml, and control group, ≥ 1.1  ng/ml). 
Propensity score matching (PSM) was used to match the 
research subjects at a ratio of 1:4.

Ovulation protocols
Ovulation stimulation protocols included natural, micro-
stimulated (clomiphene and letrozole), and gonadotro-
pin-stimulated (Gn) cycles. In the natural cycle, vaginal 
B-ultrasound was used to monitor the development of 
follicles on the 10–12th day of menstruation. The micro-
stimulated ovulation induction cycle had two ways, clo-
miphene and letrozole. Clomiphene (100  mg/day) or 
letrozole (5  mg/day) was administered from days 2–4 
of the menstrual cycle for 5 days. In the Gn cycle, gon-
adotropin treatment began on days 2–4 of the menstrual 
cycle to stimulate the cycle.

Insemination timing and semen collection
When the diameter of one or two dominant follicles 
was ≥ 18  mm, or when there was a peak of luteinizing 
hormone in the urine or blood, a chorionic gonadotro-
pin (HCG) 5000–10,000 U trigger was given. IUI was 
performed after 24–36 h. If three or more dominant fol-
licles developed, the cycle was canceled and not included 
in this study. On the day of insemination, semen sam-
ples were collected and processed according to standard 
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procedures specified by the WHO. Gradient centrifuga-
tion was used to process semen after masturbation. After 
carefully checking the patient’s information, an IUI tube 
was used to aspirate the sperm suspension (0.5  mL), 
the IUI tube was gently inserted into the uterine cav-
ity, and the sperm suspension was slowly injected. After 
the operation, the patient was placed in the supine posi-
tion for 30 min to observe whether there was any special 
discomfort.

Luteal support and follow‑up
Postoperative routine luteal support included oral dydro-
gesterone (10  mg, bid) for 14  days after ovulation. All 
patients underwent a blood HCG test 14 days postopera-
tively. For those with positive blood HCG (> 5 IU), a vagi-
nal B-ultrasound examination was performed 25–40 days 
after IUI. Clinical pregnancy was confirmed if vaginal 
ultrasonography detected an intrauterine gestational 
sac and the fetal heartbeat. Miscarriage was defined as 
the detection of an intrauterine gestational sac on ultra-
sonography, but the pregnancy did not progress or was 
spontaneously lost. Live births were defined as neonates 
delivered after 28 weeks with signs of life within 7 days. 
The biochemical loss was defined as a positive serum 
HCG followed by a spontaneous decline in the absence of 
intrauterine pregnancy on ultrasound. Ectopic pregnancy 
is defined as the extrauterine gestational sac that was vis-
ualized on transvaginal ultrasound.

Observation measures
The main research index was to compare the clinical 
pregnancy rates (CPR) of the two groups, and the sec-
ondary research indices were biochemical loss, miscar-
riage, ectopic pregnancy, and live birth rates (LBR). The 
CPR was calculated as follows: CPR = number of preg-
nant mothers with clinical pregnancy/women enrolled in 
the corresponding group [13]. LBR = number of pregnant 
mothers with live birth/women enrolled in the corre-
sponding group. Miscarriage rate = number of pregnant 
mothers with miscarriage pregnancy/women enrolled in 
the corresponding group.

Statistical analysis
SPSS software (version 23.0) was used for the data analy-
sis. The categorical variables are summarized as counts 
and percentages (n, %), and the comparison between 
groups was performed using the Chi-square test. The 
continuous variables are expressed as mean ± standard 
deviation (mean ± SD), and the corrected t-test was used 
to compare these data. PSM was performed to balance 
baseline characteristics between the two groups at a ratio 
of 1:4. The factors influencing the pregnancy outcomes 
were analyzed using multivariate regression. All tests 

were two-tailed, and a P-value < 0.05 indicated statistical 
significance.

Results
Characteristics of patients
In total, 2204 patients with 4600 clinical cycles were 
included in this study. Before matching, the experimen-
tal and control groups contained 365 and 4235 cycles, 
respectively. There were significant differences in age, 
AMH, FSH, luteinizing hormone (LH), testosterone (T), 
infertility diagnosis, AFC, and controlled ovarian stimu-
lation (COS) protocol between the two groups (P < 0.05) 
(Table  1, Additional file  2: Fig. S2). After matching, the 
experimental and control groups contained 365 and 1440 
cycles, respectively. After PSM matching, there were 
significant differences in FSH, LH, infertility diagnosis, 
AFC, IUI day endometrial thickness, and COS protocol 
between the two groups. However, there were no sig-
nificant differences in age, infertility duration, BMI, T, or 
sperm count (P > 0.05) (Table 1, Additional file 2: Fig. S2).

Comparison of pregnancy outcomes
There was no significant difference in the clinical preg-
nancy rates, biochemical rates, and ectopic pregnancy 
rates between the two groups (P > 0.05). There were, 
however, significant differences in the miscarriage rates 
between the groups (P < 0.05). The live birth rates were 
6.6 vs. 9.9 between the two groups (P = 0.05) (Table  2, 
Additional file 3: Fig. S3).

Multivariate regression analysis of factors affecting 
the pregnancy outcomes
The multivariable logistic regression models were used 
to analyze relevant factors that affect the pregnancy out-
comes. The results reveal that BMI [0.959 (0.925–0.993), 
P < 0.05], AMH [0.938 (0.899–0.978), P < 0.05] were 
significantly correlated with CPR (Table  3, Additional 
file 4: Fig. S4). For live birth, AMH [0.925 (0.882–0.970), 
P < 0.05] was significantly correlated with LBR (Table  4, 
Additional file 5: Fig. S5). However, BMI [0.891 (0.839–
0.947), P < 0.05], FSH [1.152 (1.004–1.323), P < 0.05] were 
significantly correlated with miscarriage rate (Table  5, 
Additional file 6: Fig. S6). Other factors had no significant 
effects on pregnancy outcomes (P > 0.05) (Tables 3, 4, 5).

Discussion
The treatment of patients with DOR has always been 
a research hotspot in the field of reproduction, and 
its practice is full of challenges. There is relatively lit-
tle research on this topic, especially for young women 
with DOR. To our knowledge, this is the first multi-
center cohort study to compare the pregnancy out-
comes of DOR patients aged < 35  years with those of 
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NOR patients who received IUI treatment. We aimed 
to explore the clinical value of IUI in DOR patients 
aged < 35  years. This study found that the clinical 

pregnancy rate of DOR patients was not significantly 
different from that of NOR patients; however, the mis-
carriage rates were significantly different from those 
of NOR patients. The multivariate regression model 
revealed that BMI, AMH, and FSH were the factors 
affecting pregnancy outcomes.

Of the previous studies, only three compared preg-
nancy outcomes in young patients with DOR treated 
with IUI, but all were single-center studies [10–12]. A 
2020 study [10] in the United States found that in DOR 
patients aged < 35  years, clinical pregnancy rates and 
cumulative pregnancy outcomes per cycle after IUI 
were similar to those in age-matched NOR patients. 
Additionally, in IUI cycles with gonadotropins, the 
dose of FSH must be increased to obtain reproductive 

Table 1 Demographic characteristics of the study population before matching (n = 4600)

SD, standard deviation; BMI, body mass index; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone;  E2, estradiol; T, testosterone; 
AFC, antral follicle count; COH, controlled ovarian stimulation
* P < 0.05, **P < 0.01

Before matching After matching

DOR (n = 365) NOR (n = 4235) P‑value DOR (n = 365) NOR (n = 1440) P‑value

Mean ± SD/n (%) Mean ± SD/n (%) Mean ± SD/n (%) Mean ± SD/n (%)

Female age (years) 30.93 ± 2.89 29.89 ± 3.05  < 0.01** 30.93 ± 2.89 30.88 ± 2.80 0.73

Male age (years) 33.05 ± 4.04 31.67 ± 3.71  < 0.01** 33.05 ± 4.04 32.85 ± 3.86 0.37

BMI (kg/m2) 22.60 ± 3.80 22.86 ± 3.95 0.24 22.60 ± 3.80 22.61 ± 3.73 0.98

Infertility duration 3.29 ± 2.12 3.25 ± 2.02 0.74 3.29 ± 2.12 3.44 ± 2.16 0.24

Sex hormone levels

 AMH (ng/ml) 0.77 ± 0.27 5.45 ± 3.77  < 0.01** 0.77 ± 0.27 5.17 ± 3.53  < 0.01**

 FSH (IU/L) 7.93 ± 3.68 6.39 ± 3.23  < 0.01** 7.93 ± 3.68 6.52 ± 3.83  < 0.01**

 LH (IU/L) 4.71 ± 8.29 5.66 ± 5.33 0.03* 4.71 ± 8.29 5.69 ± 5.63  < 0.01**

 E2 (pmol/L) 47.41 ± 35.35 49.37 ± 51.74 0.45 47.41 ± 35.35 51.52 ± 52.87 0.16

 T (ng/ml) 0.88 ± 3.19 0.61 ± 2.25 0.04* 0.88 ± 3.19 0.64 ± 2.20 1.00

Infertility diagnosis  < 0.01**  < 0.01**

 Uterine 11 (3.0) 893 (21.1) 11 (3.0) 358 (24.9)

 Ovulatory 21 (5.8) 683 (16.1) 21 (5.8) 224 (15.6)

 Endometriosis 9 (2.5) 96 (2.3) 9 (2.5) 33 (2.3)

 Male factor 106 (29.0) 1832 (43.3) 106 (29.0) 561 (39.0)

 Unexplained 24 (6.6) 731 (17.3) 24 (6.6) 264 (18.3)

 Decreased ovarian reserve 194 (53.2) –0 194 (53.2) 0

 AFC 5.18 ± 5.51 11.80 ± 7.28  < 0.01** 5.18 ± 5.51 11.01 ± 6.72  < 0.01**

Seminal parameters

 Sperm concentration, *106/ml 66.83 ± 28.86 69.52 ± 31.86 0.12 66.83 ± 28.86 68.85 ± 33.50 0.29

 Sperm progressive motility (%) 33.69 ± 18.34 33.66 ± 17.88 0.97 33.69 ± 18.34 33.56 ± 17.41 0.90

Endometrial thickness (mm) 10.30 ± 3.41 10.68 ± 3.64 0.06 10.30 ± 3.41 10.91 ± 3.73  < 0.01**

 COH protocol  < 0.01**  < 0.01**

 Natural cycle 127 (34.8) 1391 (32.8) 127 (34.8) 499 (34.7)

 Clomiphene 42 (11.5) 841 (19.9) 42 (11.5) 298 (20.7)

 Letrozole 145 (39.7) 1346 (31.8) 145 (39.7) 405 (28.1)

 Gn 51 (14.0) 657 (15.5) 51 (14.0) 238 (16.5)

Table 2 Comparison of pregnancy outcomes of two groups 
(n = 1805)

* *P < 0.05

DOR (n = 365) NOR (n = 1440) P‑value
n (%) n (%)

Clinical pregnancy rates 48 (13.2) 190 (13.2) 0.98

Biochemical rates 179 (49.04) 714 (49.58) 0.85

Miscarriage rates 20 (5.5) 38 (2.6) < 0.01**

Ectopic pregnancy rates 4 (1.1) 10 (0.7) 0.44

Live birth rates 24 (6.6) 142 (9.9) 0.05
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outcomes similar to those of NOR patients. The cumu-
lative pregnancy and live birth rates were also similar in 
younger patients with DOR and those with NOR. These 
data imply quantitative rather than qualitative distinc-
tions between the groups. This is partly consistent with 
our study, but this study did not compare the difference 
in miscarriage rates between the two groups. In our 
study, the live birth rates were 6.6 vs. 9.9 between the 
two groups (P = 0.05).

Kaleli et  al. [11] compared pregnancy outcomes in 
DOR and NOR patients according to the Poseidon cri-
teria, which combine age and AMH levels. They found 
no difference in clinical pregnancy rates among the IUI 
groups. Multivariate logistic regression analysis revealed 
that infertility duration, sperm count, and follicle num-
ber were independent predictors of pregnancy (P < 0.05). 
Neither age nor AMH level predicted pregnancy after 
IUI, which is inconsistent with our conclusions. This may 

Table 3 Multivariate logistic regression analysis for the factors to predict clinical pregnancy

BMI, body mass index; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone;  E2, estradiol; T, testosterone; AFC, antral follicle 
count; COH, controlled ovarian stimulation

Items B SE z Wald χ2 P OR 95% CI

Female age 0.027 0.033 0.840 0.706 0.401 1.028 0.964–1.096

Male age − 0.015 0.022 − 0.693 0.480 0.488 0.985 0.943–1.028

BMI − 0.042 0.018 − 2.321 5.386 0.020 0.959 0.925–0.993

Infertility duration 0.064 0.036 1.789 3.201 0.074 1.066 0.994–1.143

AMH − 0.064 0.021 − 2.998 8.989 0.003 0.938 0.899–0.978

FSH 0.030 0.031 0.958 0.917 0.338 1.031 0.969–1.096

LH 0.009 0.016 0.545 0.297 0.586 1.009 0.978–1.040

E2 − 0.000 0.002 − 0.225 0.050 0.822 1.000 0.996–1.003

T − 0.005 0.030 − 0.180 0.032 0.857 0.995 0.938–1.054

Infertility diagnosis − 0.001 0.046 − 0.018 0.000 0.986 0.999 0.914–1.093

AFC 0.017 0.013 1.357 1.843 0.175 1.018 0.992–1.044

Sperm concentration 0.001 0.002 0.362 0.131 0.717 1.001 0.996–1.005

Sperm progressive motility − 0.000 0.004 − 0.071 0.005 0.944 1.000 0.992–1.008

Endometrial thickness − 0.000 0.021 − 0.009 0.000 0.993 1.000 0.960–1.041

COH protocol − 0.066 0.066 − 1.005 1.011 0.315 0.936 0.822–1.065

Table 4 Multivariate logistic regression analysis for the factors to predict live birth

BMI, body mass index; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone;  E2, estradiol; T, testosterone; AFC, antral follicle 
count; COH, controlled ovarian stimulation

Items B SE z Wald χ2 p OR 95% CI

Female age 0.059 0.038 1.556 2.422 0.120 1.061 0.985–1.143

Male age − 0.022 0.026 − 0.853 0.728 0.394 0.978 0.930–1.029

BMI − 0.007 0.022 − 0.299 0.089 0.765 0.993 0.952–1.037

Infertility duration 0.040 0.042 0.963 0.927 0.336 1.041 0.959–1.129

AMH − 0.078 0.024 − 3.235 10.464 0.001 0.925 0.882–0.970

FSH 0.008 0.028 0.295 0.087 0.768 1.008 0.954–1.066

LH 0.024 0.020 1.167 1.362 0.243 1.024 0.984–1.066

E2 − 0.003 0.002 − 1.534 2.352 0.125 0.997 0.994–1.001

T 0.009 0.040 0.218 0.048 0.827 1.009 0.933–1.090

Infertility diagnosis 0.086 0.055 1.562 2.441 0.118 1.089 0.978–1.213

AFC 0.011 0.014 0.737 0.543 0.461 1.011 0.983–1.040

Sperm concentration − 0.002 0.003 − 0.853 0.728 0.393 0.998 0.993–1.003

Sperm progressive motility 0.006 0.005 1.284 1.649 0.199 1.006 0.997–1.016

Endometrial thickness 0.005 0.025 0.202 0.041 0.840 1.005 0.958–1.055

COH protocol − 0.111 0.078 − 1.417 2.009 0.156 0.895 0.768–1.043
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be due to the different ages of the patients included in 
the different studies, as their female patients were aged 
20–39  years. Additionally, they had a small sample size 
of 770 cases, with different etiology, and their study was a 
single-center study.

According to the Bologna consensus and Poseidon cri-
teria [6, 7], our research subjects were divided into two 
groups according to their serum AMH levels (experi-
mental group, < 1.1  ng/ml, and control group, ≥ 1.1  ng/
ml). We opted for AMH instead of AFC as an inclusion 
criterion primarily due to the following considerations. 
In clinical practice, the diagnosis of DOR involves the 
utilization of various methods for ovarian reserve testing 
in women with regular menstruation, including elevated 
basal FSH levels, low AMH, low AFC, or less commonly, 
failure of clomiphene citrate challenge test [6, 14, 15]. 
A global survey conducted among 796 fertility centers 
revealed that 51% of them considered AMH as the opti-
mal test for assessing ovarian reserve, while 40% favored 
AFC and only 6% selected basic FSH [16]. By incorporat-
ing these findings, we have adhered to both the Bologna 
consensus and Poseidon criteria, thus opting for AMH 
instead of AFC.

In our study, AMH [0.925 (0.882–0.970), P < 0.05] was 
independent and significantly correlated with the live 
birth rate. AMH is significantly associated with age. A 
single-center retrospective study analyzing the pregnancy 
outcomes in 1957 women with DOR found that mater-
nal age and the stage and number of embryos transferred 
were independent factors affecting the live birth rate 
[17]. Female age is closely related to oocyte quality and 

quantity, including cytoskeletal abnormalities, decreased 
mitochondrial numbers, abnormal spindles, increased 
aneuploidy, and changes in zona pellucida function [18, 
19].

There is considerable evidence that IUI can achieve 
acceptable success rates in cases with mild-to-moderate 
male factors, unexplained infertility, and endometrio-
sis [20]. However, its efficacy in women suffering DOR 
remains controversial. Most women with DOR pre-
fer IVF to avoid missing a critical period maximizing 
their chances as early as possible. However, for patients 
aged < 35  years, it is unclear whether simple treatments 
such as IUI need to be omitted. In a retrospective study 
comparing pregnancy outcomes in DOR patients with 
176 IUI cycles and 639 IVF cycles, there was no signifi-
cant difference in the pregnancy outcomes. Moreover, 
IVF did not improve pregnancy outcomes in patients 
with DOR [21]. As this study did not compare the preg-
nancy outcomes of IUI with those of IVF in people with 
DOR, further research is needed on whether they should 
continue IUI treatment or receive IVF as a next step. The 
decision-making process is particularly crucial for DOR 
patients, especially those who have risk factors for mis-
carriage, such as a history of previous miscarriages.

Reproductive capacity includes not only the ability to 
conceive, but also the ability to bring the fetus to a viable 
state [22]; therefore, miscarriage is an important indica-
tor of reproductive capacity [5]. A miscarriage may be 
caused by a decrease in the oocyte quality, leading to 
faulty meiosis and embryonic aneuploidy [23, 24]. Our 
study found that patients with DOR had a higher rate of 

Table 5 Multivariate logistic regression analysis for the factors to predict miscarriage

BMI, body mass index; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone;  E2, estradiol; T, testosterone; AFC, antral follicle 
count; COH, controlled ovarian stimulation

Items B SE z Wald χ2 p OR 95% CI

Female age − 0.095 0.066 − 1.451 2.104 0.147 0.909 0.799–1.034

Male age 0.018 0.043 0.416 0.173 0.678 1.018 0.935–1.109

BMI − 0.115 0.031 − 3.734 13.940 0.000 0.891 0.839–0.947

Infertility duration 0.069 0.067 1.030 1.061 0.303 1.071 0.940–1.221

AMH 0.020 0.046 0.428 0.183 0.669 1.020 0.932–1.117

FSH 0.142 0.070 2.017 4.067 0.044 1.152 1.004–1.323

LH − 0.029 0.024 − 1.220 1.487 0.223 0.971 0.927–1.018

E2 0.006 0.004 1.604 2.573 0.109 1.006 0.999–1.014

T 0.051 0.089 0.577 0.332 0.564 1.052 0.885–1.252

Infertility diagnosis − 0.159 0.088 − 1.810 3.277 0.070 0.853 0.718–1.013

AFC 0.018 0.028 0.654 0.428 0.513 1.018 0.965–1.075

Sperm concentration 0.009 0.005 1.702 2.895 0.089 1.009 0.999–1.020

Sperm progressive motility − 0.011 0.008 − 1.469 2.159 0.142 0.989 0.974–1.004

Endometrial thickness − 0.022 0.038 − 0.564 0.318 0.573 0.979 0.908–1.055

COH protocol − 0.031 0.124 − 0.250 0.062 0.803 0.970 0.761–1.235
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miscarriage than those with NOR. This may be the result 
of decreased oocyte quality in patients with DOR. This 
is consistent with the findings of a high-level meta-anal-
ysis published in Human Reproduction Update [5] that 
women with low serum AMH concentrations had an 
increased risk of miscarriage compared with women with 
moderate or high AMH levels. After subgroup analysis 
according to the AFC level, an increased miscarriage rate 
was also observed in younger women (aged < 35  years). 
Our study found that BMI and FSH levels were signifi-
cantly correlated with miscarriage rates. Several studies 
have confirmed the correlation between BMI and miscar-
riage [25, 26]. Increased BMI can lead to high miscarriage 
rates in ART, which is consistent with our observations.

Another recent meta-analysis confirmed the associa-
tion between DOR and the risk of recurrent pregnancy 
loss [27]. Although the mechanism is currently poorly 
studied, clinical evidence has indicated that embryos 
from DOR patients have a higher incidence of aneuploidy 
[28, 29]. There are also some possible explanations for the 
reduced OR in patients with DOR, which may also reflect 
a systemic clinical condition or past exposure that may 
independently affect the OR and miscarriage. In addi-
tion, common pathogenic lesions may affect the ovary 
(impairing OR formation or accelerating failure) and 
uterus (impacting its ability to receive embryos). These 
possibilities suggest that the association between DOR 
and miscarriage is not causal, but that the two conditions 
share a common cause [5].

In 2011, the ESHRE formulated the Bologna consensus 
on a low ovarian response. One of the criteria included 
an AFC < 5–7 or serum AMH < 0.5–1.1  μg/L [6]. The 
Poseidon group believes that the quantitative and quali-
tative parameters, age, AFC, and AMH, should be com-
bined to formulate clinical treatment strategies [7]. Our 
study adopted the Bologna criteria, with AMH < 1.1 ug/L 
as the experimental group inclusion criteria. This was 
combined with the age stratification of the Poseidon cri-
teria to explore the pregnancy outcomes of young DOR 
patients receiving IUI. In this study, a multicenter retro-
spective cohort study and the PSM method were used to 
improve the evidence strength of the study, control con-
founding, and prevent bias.

In conclusion, this study investigated the pregnancy 
outcomes of patients with DOR treated with IUI through 
a multicenter retrospective cohort study. This study 
found that the IUI CPR of young DOR patients was not 
significantly different from that of NOR patients; how-
ever, the live birth rate was insignificantly lower than 
that of NOR patients, and the miscarriage rate was sig-
nificantly increased. To our knowledge, this is the first 
multicenter study concerning IUI pregnancy outcomes 
in young patients with DOR, and this study will provide 

a valuable reference for the clinical treatment of patients 
with DOR.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40001- 023- 01377-z.

Additional file 1: Fig. S1. Location distributions of the three cities in this 
study.

Additional file 2: Fig. S2. Propensity Score Matching.

Additional file 3: Fig. S3. Comparison of pregnancy outcomes between 
the two groups.

Additional file 4: Fig. S4. Multivariate regression analysis of factors affect-
ing CPR.

Additional file 5: Fig. 5. Multivariate regression analysis of factors affect-
ing the LBR.

Additional file 6: Fig. 6 Multivariate regression analysis of factors affect-
ing the miscarriage rates.

Acknowledgements
None.

Author contributions
All authors have seen and approved the final version of this article. MZ: 
designed the study, gathered, and collected the data, wrote the manuscript, 
and contributed to the critical discussion. QH, LH, and LY: collected the data. 
MD: collected the data, and revised the manuscript.

Funding
This study received a grant from Health Commission of Mianyang City 2019 
scientific research projects (201906); college research projects of Mianyang 
Central Hospital (2020YJ05); the 345 Talent Project of Shengjing Hospital of 
China Medical University.

Availability of data and materials
The data of this study are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Hospital Institutional Review Board for 
Research on Human Subjects (S-2021-013). This is a retrospective cohort 
study，the data are anonymous, and the requirement for informed consent 
wastherefore waived.

Competing interests
All authors declare no conflicts of interest.

Received: 23 May 2023   Accepted: 18 September 2023

References
 1. Broekmans FJ, Soules MR, Fauser BC. Ovarian aging: mechanisms and 

clinical consequences. Endocr Rev. 2009;30:465–93. https:// doi. org/ 10. 
1210/ er. 2009- 0006.

 2. Practice Committee of the American Society for Reproductive Medicine. 
Testing and interpreting measures of ovarian reserve: a committee opin-
ion. Fertil Steril. 2015: 103(3); e9–17. https:// doi. org/ 10. 1016/j. fertn stert. 
2014. 12. 093

https://doi.org/10.1186/s40001-023-01377-z
https://doi.org/10.1186/s40001-023-01377-z
https://doi.org/10.1210/er.2009-0006
https://doi.org/10.1210/er.2009-0006
https://doi.org/10.1016/j.fertnstert.2014.12.093
https://doi.org/10.1016/j.fertnstert.2014.12.093


Page 8 of 8Zhao et al. European Journal of Medical Research          (2023) 28:402 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 3. Tal R, Seifer DB. Ovarian reserve testing: a user’s guide. Am J Obstet 
Gynecol. 2017;217:129–40. https:// doi. org/ 10. 1016/j. ajog. 2017. 02. 027.

 4. Broer Simone L, Broekmans Frank JM, Laven Joop SE, Fauser Bart CJM. 
Anti-Müllerian hormone: ovarian reserve testing and its potential clinical 
implications. Hum Reprod Update. 2014;20(5):688–701. https:// doi. org/ 
10. 1093/ humupd/ dmu020.

 5. Busnelli A, Somigliana E, Cirillo F, Levi-Setti PE. Is diminished ovarian 
reserve a risk factor for miscarriage? Results of a systematic review and 
meta-analysis. Hum Reprod Update. 2021;27(6):973–88. https:// doi. org/ 
10. 1093/ humupd/ dmab0 18.

 6. Ferraretti AP, La Marca A, Fauser BCJM, Tarlatzis B, Nargund G, Gianaroli 
L. ESHRE working group on Poor Ovarian Response Definition. ESHRE 
consensus on the definition of “poor response” to ovarian stimulation for 
in vitro fertilization: the Bologna criteria. Hum Reprod. 2011;26(7):1616–
24. https:// doi. org/ 10. 1093/ humrep/ der092.

 7. Poseidon Group (Patient-Oriented Strategies Encompassing Individual-
izeD Oocyte Number), Alviggi C, Andersen CY, Buehler K, Conforti A, De 
Placido G, Esteves SC, et al. A new more detailed stratification of low 
responders to ovarian stimulation: from a poor ovarian response to a low 
prognosis concept. Fertil Steril. 2016;105(6):1452–3. https:// doi. org/ 10. 
1016/j. fertn stert. 2016. 02. 005.

 8. ESHRE Capri Workshop Group. Intrauterine insemination. Hum Reprod 
Update. 2009;15:265–77. https:// doi. org/ 10. 1093/ humupd/ dmp003.

 9. Li HW, Yeung WS, Lau EY, Ho PC, Ng EH. Evaluating the performance of 
serum antimullerian hormone concentration in predicting the live birth 
rate of controlled ovarian stimulation and intrauterine insemination. Fertil 
Steril. 2010;94(6):2177–81. https:// doi. org/ 10. 1016/j. fertn stert. 2009. 12. 
059.

 10. Tiegs AW, Sun L, Scott RT Jr, Goodman LR. Comparison of pregnancy 
outcomes following intrauterine insemination in young women with 
decreased versus normal ovarian reserve. Fertil Steril. 2020;113(4):788-
796.e4. https:// doi. org/ 10. 1016/j. fertn stert. 2019. 12. 006.

 11. Kaleli S, Kervancıoğlu ME, Erol N, Alakbarova U, Akşahin E, Öçer İF. Evaluat-
ing the efficacy of ovulation stimulation with intrauterine insemination 
in women with diminished ovarian reserve compared to women with 
normal ovarian reserve. Int J Gynaecol Obstet. 2022. https:// doi. org/ 10. 
1002/ ijgo. 14325.

 12. Wang MH, Chen CH, Wang CW, Hsu MI, Tzeng CR. A higher anti-Müllerian 
hormone level is associated with an increased chance of pregnancy in 
patients undergoing controlled ovarian stimulation and intrauterine 
insemination. J Obstet Gynaecol. 2015;35(1):64–8. https:// doi. org/ 10. 
3109/ 01443 615. 2014. 935718.

 13. Dong Meng Wu, Shanshan ZX, Na Z, Jing Qi, Dandan Z, et al. Effects 
of COVID-19 vaccination status, vaccine type, and vaccination interval 
on IVF pregnancy outcomes in infertile couples. J Assist Reprod Genet. 
2022;39(8):1849–59. https:// doi. org/ 10. 1007/ s10815- 022- 02543-8.

 14. Ferraretti AP, Gianaroli L. The Bologna criteria for the definition of 
poor ovarian responders: is there a need for revision? Hum Reprod. 
2014;29(9):1842–5. https:// doi. org/ 10. 1093/ humrep/ deu139.

 15. Sills ES, Alper MM, Walsh AP. Ovarian reserve screening in infertility: 
practical applications and theoretical directions for research. Eur J Obstet 
Gynecol Reprod Biol. 2009;146(1):30–6. https:// doi. org/ 10. 1016/j. ejogrb. 
2009. 05. 008.

 16. Tobler KJ, Shoham G, Christianson MS, Zhao Y, Leong M, Shoham Z. Use 
of anti-mullerian hormone for testing ovarian reserve: a survey of 796 
infertility clinics worldwide. J Assist Reprod Genet. 2015;32(10):1441–8. 
https:// doi. org/ 10. 1007/ s10815- 015- 0562-7.

 17. Yun H, Jingyi Li, Fang Z, Liu Yifeng Xu, Gufeng GJ, et al. Factors affecting 
the live-birth rate in women with diminished ovarian reserve undergo-
ing IVF-ET. Arch Gynecol Obstet. 2018;298(5):1017–27. https:// doi. org/ 10. 
1007/ s00404- 018- 4884-4.

 18. Barroso G, Taylor S, Morshedi M, Manzur F, Gavino F, Oehninger S. Mito-
chondrial membrane potential integrity and plasma membrane translo-
cation of phosphatidylserine as early apoptotic markers: a comparison 
of two different sperm subpopulations. Fertil Steril. 2006;85(1):149–54. 
https:// doi. org/ 10. 1016/j. fertn. stert. 2005. 06. 046.

 19. Broekmans FJ, Soules MR, Fauser BC. Ovarian aging: mechanisms and 
clinical consequences. Endocr Rev. 2009;30(5):465–93. https:// doi. org/ 10. 
1210/ er. 2009- 0006.

 20. Kim YJ, Park CW, Ku SY. Indications of intrauterine insemination for male 
and non-male factor infertility. Semin Reprod Med. 2014;32:301–12. 
https:// doi. org/ 10. 1055/s- 0034- 13751 83.

 21. Clémence S, Antoine G, Alix S, Thomas F, Fabien S, Bruno S. Results of 
in vitro fertilization versus intrauterine insemination in patients with low 
anti-Müllerian hormone levels. A single-center retrospective study of 639 
+ 119 cycles. J Gynecol Obstet Hum Reprod. 2021;50(3):101874. https:// 
doi. org/ 10. 1016/j. jogoh. 2020. 101874.

 22. Banchhita S, Ozkan O, Paul S, Kannamannadiar J. Do ovarian reserve tests 
predict miscarriage in women undergoing assisted reproduction treat-
ment? Eur J Obstet Gynecol Reprod Biol. 2010;153(2):181–4. https:// doi. 
org/ 10. 1016/j. ejogrb. 2010. 08. 020.

 23. Tingting L, Wen Z, Ningning P, Bing H, Rong Li, Caihong Ma. In vitro 
reproductive outcomes of fertilization and fresh embryo transfer in 
infertile women with adenomyosis: a retrospective cohort study. Front 
Endocrinol. 2022;13:865358. https:// doi. org/ 10. 3389/ fendo. 2022. 865358.

 24. Thum MY, El-Sheikhah A, Faris R, Parikh J, Wren M, Ogunyemi T, et al. 
The influence of body mass index to in-vitro fertilisation treatment 
outcome, risk of miscarriage and pregnancy outcome. J Obstet Gynaecol. 
2007;27(7):699–702. https:// doi. org/ 10. 1080/ 01443 61070 16123 34.

 25. Lyttle Schumacher BM, Jukic AMZ, Steiner AZ. Antimu¨llerian hormone 
as a risk factor for miscarriage in naturally conceived pregnancies. Fertil 
Steril. 2018;109:1065–71. https:// doi. org/ 10. 1016/j. fertn stert. 2018. 01. 039.

 26. Kim HH. Markers of ovarian reserve: is it possible to estimate an ovarian 
age? Fertil Steril. 2017;108:950–1. https:// doi. org/ 10. 1016/j. fertn stert. 2017. 
10. 023.

 27. Bunnewell SJ, Honess ER, Karia AM, Keay SD, Al Wattar BH, Quenby S. 
Diminished ovarian reserve in recurrent pregnancy loss: a systematic 
review and meta-analysis. Fertil Steril. 2020;113:818–27. https:// doi. org/ 
10. 1016/j. fertn stert. 2019. 11. 014.

 28. Katz-Jaffe MG, Surrey ES, Minjarez DA, Gustofson RL, Stevens JM, School-
craft WB. Association of abnormal ovarian reserve parameters with a 
higher incidence of aneuploid blastocysts. Obstet Gynecol. 2013;121:71–
7. https:// doi. org/ 10. 1097/ AOG. 0b013 e3182 941ab0.

 29. Shahine LK, Marshall L, Lamb JD, Hickok LR. Higher rates of aneuploidy in 
blastocysts and higher risk of no embryo transfer in recurrent pregnancy 
loss patients with diminished ovarian reserve undergoing in vitro fertiliza-
tion. Fertil Steril. 2016;106:1124–8. https:// doi. org/ 10. 1016/j. fertn stert. 
2016. 06. 016.

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

https://doi.org/10.1016/j.ajog.2017.02.027
https://doi.org/10.1093/humupd/dmu020
https://doi.org/10.1093/humupd/dmu020
https://doi.org/10.1093/humupd/dmab018
https://doi.org/10.1093/humupd/dmab018
https://doi.org/10.1093/humrep/der092
https://doi.org/10.1016/j.fertnstert.2016.02.005
https://doi.org/10.1016/j.fertnstert.2016.02.005
https://doi.org/10.1093/humupd/dmp003
https://doi.org/10.1016/j.fertnstert.2009.12.059
https://doi.org/10.1016/j.fertnstert.2009.12.059
https://doi.org/10.1016/j.fertnstert.2019.12.006
https://doi.org/10.1002/ijgo.14325
https://doi.org/10.1002/ijgo.14325
https://doi.org/10.3109/01443615.2014.935718
https://doi.org/10.3109/01443615.2014.935718
https://doi.org/10.1007/s10815-022-02543-8
https://doi.org/10.1093/humrep/deu139
https://doi.org/10.1016/j.ejogrb.2009.05.008
https://doi.org/10.1016/j.ejogrb.2009.05.008
https://doi.org/10.1007/s10815-015-0562-7
https://doi.org/10.1007/s00404-018-4884-4
https://doi.org/10.1007/s00404-018-4884-4
https://doi.org/10.1016/j.fertn.stert.2005.06.046
https://doi.org/10.1210/er.2009-0006
https://doi.org/10.1210/er.2009-0006
https://doi.org/10.1055/s-0034-1375183
https://doi.org/10.1016/j.jogoh.2020.101874
https://doi.org/10.1016/j.jogoh.2020.101874
https://doi.org/10.1016/j.ejogrb.2010.08.020
https://doi.org/10.1016/j.ejogrb.2010.08.020
https://doi.org/10.3389/fendo.2022.865358
https://doi.org/10.1080/01443610701612334
https://doi.org/10.1016/j.fertnstert.2018.01.039
https://doi.org/10.1016/j.fertnstert.2017.10.023
https://doi.org/10.1016/j.fertnstert.2017.10.023
https://doi.org/10.1016/j.fertnstert.2019.11.014
https://doi.org/10.1016/j.fertnstert.2019.11.014
https://doi.org/10.1097/AOG.0b013e3182941ab0
https://doi.org/10.1016/j.fertnstert.2016.06.016
https://doi.org/10.1016/j.fertnstert.2016.06.016

	Pregnancy outcomes of intrauterine insemination in young patients with diminished ovarian reserve: a multicenter cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Participants
	Grouping criteria
	Ovulation protocols
	Insemination timing and semen collection
	Luteal support and follow-up
	Observation measures
	Statistical analysis

	Results
	Characteristics of patients
	Comparison of pregnancy outcomes
	Multivariate regression analysis of factors affecting the pregnancy outcomes

	Discussion
	Anchor 21
	Acknowledgements
	References


