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Abstract

Study question The objective was to construct a model for predicting the probability of recurrent implantation
failure (RIF) after assisted reproductive technology (ART) treatment based on the clinical characteristics and routine
laboratory test data of infertile patients.

Summary answer A model was developed to predict RIF. The model showed high calibration in external validation,
helped to identify risk factors for RIF, and improved the efficacy of ART therapy.

What is known already Research on the influencing factors of RIF has focused mainly on embryonic factors,
endometrial receptivity, and immune factors. However, there are many kinds of examinations regarding these
aspects, and comprehensive screening is difficult because of the limited time and economic conditions. Therefore, we
should try our best to analyse the results of routine infertility screenings to make general predictions regarding the
occurrence of RIF.

Study design, size, duration A retrospective study was conducted with 5212 patients at the Reproductive Center of
the First Affiliated Hospital of USTC from January 2018 to June 2022.

Participants/materials, setting, methods This study included 462 patients in the RIF group and 4750 patients

in the control group. The patients’basic characteristics, clinical treatment data, and laboratory test indices were
compared. Logistic regression was used to analyse RIF-related risk factors, and the prediction model was evaluated by
receiver operating characteristic (ROC) curves and the corresponding areas under the curve (AUCs). Further analysis
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-
of the influencing factors of live births in the first cycle of subsequent assisted reproduction treatment in RIF patients
was performed, including the live birth subgroup (n=116) and the no live birth subgroup (n=200).

Main results and the role of chance (1) An increased duration of infertility (1.978; 95% Cl, 1.264-3.097), uterine
cavity abnormalities (2.267; 95% Cl, 1.185-4.336), low AMH levels (0.504; 95% Cl, 0.275-0.922), insulin resistance (3.548;
95% Cl, 1.931-6.519), antinuclear antibody (ANA)-positive status (3.249; 95% Cl, 1.20-8.797) and anti-B2-glycoprotein |
antibody (A-B2-GPI Ab)-positive status (5.515; 95% Cl, 1.481-20.536) were associated with an increased risk of RIF. The
area under the curve of the logistic regression model was 0.900 (95% Cl, 0.870-0.929) for the training cohort and 0.895
(95% Cl, 0.865-0.925) for the testing cohort. (2) Advanced age (1.069; 95% Cl, 1.015-1.126) was a risk factor associated
with no live births after the first cycle of subsequent assisted reproduction treatment in patients with RIF. Blastocyst
transfer (0.365; 95% Cl1=0.181-0.736) increased the probability of live birth in subsequent cycles in patients with RIF.
The area under the curve of the logistic regression model was 0.673 (95% Cl, 0.597-0.748).

Limitations, reasons for caution This was a single-centre regression study, for which the results need to be
evaluated and verified by prospective large-scale randomized controlled studies. The small sample size for the analysis
of factors influencing pregnancy outcomes in subsequent assisted reproduction cycles for RIF patients resulted in the
inclusion of fewer covariates, and future studies with larger samples and the inclusion of more factors are needed for

assessment and validation.

Wider implications of the findings Prediction of embryo implantation prior to transfer will facilitate the clinical
management of patients and disease prediction and further improve ART treatment outcomes.

Study funding/competing interest(s) This work was supported by the General Project of the National Natural
Science Foundation of China (Nos. 82374212, 81971446, 82301871, and 82201792) and the Natural Science
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Trial registration number This study was registered with the Chinese Clinical Trial Register (Clinical Trial Number:

ChiCTR1800018298 ).
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Introduction

Infertility, defined as the failure to achieve pregnancy
after 12 months of regular unprotected sexual inter-
course [1]. According to the World Health Organiza-
tion, infertility affects approximately 70 million couples
of childbearing age worldwide [2]. ART has become an
important means to treat infertility. With the continu-
ous development of this technology, the success rate
of in vitro fertilization-embryo transfer (IVF-ET) has
improved significantly, and implantation rates can reach
60% [3]. However, due to problems such as gamete and
embryo quality, endometrial receptivity, and immunity,
there are still some patients who do not have successful
pregnancies after multiple high-quality embryo trans-
fers; this disease is clinically defined as RIF, which is a
challenging clinical problem [4]. The incidence of RIF in
IVE-ET patients may be 10-20% [5]. At present, research
on the influencing factors of recurrent implantation fail-
ure has involved mainly embryonic factors, endometrial
receptivity, and immune factors [6—8]. However, there
are many kinds of examinations available regarding these
aspects, and comprehensive screening is difficult because
of the limited time and economic conditions. Therefore,
we should try our best to analyse the results of routine
infertility screenings of patients to make general predic-
tions regarding the occurrence of RIF. The prediction of

embryo implantation prior to transfer facilitates the clini-
cal management of patients and disease prediction. In
addition, few studies have reported on the associations
between clinical features and laboratory test results and
the occurrence of RIF.

This retrospective study was conducted with the help
of the clinical database of our centre. Patients undergo-
ing IVE/ICSI cycles from January 2018 to December 2022
were selected from the database to analyse the relation-
ships between the general data and laboratory indicators
of infertility patients with RIF, further study the clinical
risk factors for RIF, and establish a prediction model for
RIFE. All patients received symptomatic treatment during
IVF if there were abnormal indicators according to the
previous routine examination(e.g., HOMA-IR, abnor-
mal hysteroscopy results, ANA, A-B2-GPI Ab, and other
immune abnormalities). The influencing factors of preg-
nancy outcomes in the first cycle of subsequent assisted
reproduction treatment in RIF patients were further ana-
lysed. This study provides a clinical basis for early treat-
ment and subsequent assisted reproduction treatment in
RIF patients to improve IVF/ICSI pregnancy outcomes.
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Materials and methods

Study population

This study retrospectively analysed infertility patients
who received ART treatment at the Reproductive Center
of the First Affiliated Hospital of the USTC from January
2018 to June 2022. The patients were divided into a con-
trol group (n=4750) and a RIF group (n=462) accord-
ing to the pregnancy outcome after embryo transfer.
The inclusion criteria for the control group were as fol-
lows: < 40 years of age and a successful pregnancy after
the first IVE/ICSI-ET cycle. The inclusion criteria for the
RIF group were as follows: patients who underwent at
least 3 cycles of fresh or frozen embryo transfer with a
cumulative total of at least 4 good-quality cleavage-stage
embryos or 3 blastocysts who still did not achieve a clini-
cal pregnancy; and patients aged <40 years. The exclusion
criteria for patients were as follows: patients for whom
embryo transfer was abandoned due to the absence of
good-quality embryos for transfer; patients with ovarian
hyperstimulation, uterine cavity problems detected on
the day of transfer, or other factors; patients with severe
anatomical abnormalities of the reproductive tract;
patients with a clear history of psychiatric disorders; and
patients with contraindications to ART and pregnancy or
other comorbid disorders that would have a significant
impact on pregnancy.
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Data were collected from RIF patients who again
received ART treatment between January 2018 and June
2022, and RIF patients who became pregnant after the
subsequent first ART cycle were included and catego-
rized into a live birth subgroup (n=116) and a no live
birth subgroup (n=200). The aim of this study was to
analyse the factors that may affect the pregnancy out-
comes of patients with RIF who receive ART treatment
after clinical treatment.

This study collected information about the ART proto-
col used during the enrolment period, including patients’
general data, clinical diagnosis, laboratory indices, and
relevant variables during the course of clinical treatment.
This study was approved by the Medical Ethics Commit-
tee of the First Affiliated Hospital of the USTC. The flow
chart of the study population is shown in Fig. 1.

Covariates

(1) The following general clinical data of the patients
were collected: age, infertility type, infertility
duration, BMI, number of induced abortions,
infertility factors, AMH level, basic endocrine
hormone level, Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR) [HOMA-IR was
calculated as follows: fasting insulin (pU/mL)*fasting
glucose (mmol/L)/22.5] [9], thyroid function status,

18639 IVF/ICSI cycles

from2018-2022 | .
:_Inclusion criteria: :
[rm . 3 Age<40; i
ilnclusmn criteria: i 1) > 3 cycles of fresh or freeze-thaw |
N Age<40; : - transplantation; |
N Successful pregnancy after first IVF/ | =. >4 high-quality cleavage embryos -
| ICSI-ET assisted pregnancy; i i or 3 blastocysts were !
N Patient data included all : - transplanted ; !
,_Observationalindexs in this study = patient data included all '
| _observational indexs in this study
&L LT RIF group: 462 cycles
cycles
e Patients who continue to ART :
: assisted pregnancy i
i. Information on the first cycle of i
L. _Subsequent assisted pregnancy _ _ |
A 4 \ 4
Live birth subgroup: No live birth subgroup:
116 cycles 200 cycles

Fig. 1 Flow chart of the participant selection process. RIF, recurrent implantation failure; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection



Fang et al. Reproductive Biology and Endocrinology (2024) 22:32

karyotype of both couples, hysteroscopy, intrauterine
thickness on the day of HCG administration, type

of transferred embryo (cleavage or blastocyst),
number of transferred embryos, type of infertility,
teratozoospermia, and sperm quality [10].

(2) The autoimmune antibody-related indices used were
as follows: anti-thyroglobulin antibody (TG-Ab),
anti-thyroid peroxidase antibody (TPO-Ab), ANA,
anticardiolipin antibody (ACA), and A-B2-GPI Ab.

Statistical analysis

SPSS 23.0 software was used, continuous variable data
conforming to a normal distribution are represented by
xts, and differences between groups were compared
by t tests or nonparametric tests. The count data are

Table 1 General clinical data

Control RIF t/x? P
(n=4750) (n=462)
Female
Age (years) 31.00+3.66 3330+4.14 6.070  0.000
Duration of infertility ~ 2.70£2.04  4.06+2.79 5721 0.000
(years)
BMI (kg/mz) 2292+313 22424302 1677 0.09%
Type of infertility 2590(54.53)  191(41.34) 29.408 0.000
Primary infertility 2160(45.47) 271(58.66)
Secondary infertility
Diagnosis of infertility
Tubal factor 3220(67.79) 272(58.87) 15.135 0.000
PCOS 513(10.08) 51(11.04) 0.250 0.875
DOR 290(6.11) 91(19.70) 84.697 0.000
Other ovarian 105(2.21) 7(1.52) 0968 0.325
factors
EMs 430(9.05) 76(16.45) 26.286  0.000
Number of induced 130.388 0.000
abortions
0 3315(69.79) 222(48.05)
1 1050(22.11)  137(29.65)
>2 385(8.10) 103(22.30)
Male
Age (years)(X£S) 31.98+437 3456+4.72 5.821 0.000
Type of infertility 13272 0.000
Primary infertility 2600(54.74)  212(45.89)
Secondary infertility  2150(45.26) 250(54.11)
Teratozoospermia 175(3.68) 20(4.33) 0486 0486
Sperm quality 192.875 0.000
Normal 2840(59.79)  136(29.44)
Mild or moderate 1025(21.58) 218(47.19)
asthenospermia
Severe 320(6.74) 49(10.61)
asthenospermia
Others 565(11.89)  59(12.76)

The data are presented as the mean+SD or % (n). The data were analysed by
ANOVA or the chi-square test and Fisher’s exact test. BMI, body mass index;
PCOS, polycystic ovarian syndrome; DOR, diminished ovarian reserve; EMs,
endometriosis.
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expressed as n (%), the X2 test was used for univariate
categorical variable analysis, and Fisher’s test was used
for ordered multicategorical variables. The sample size
estimation was calculated by events per variable(EPV),
and EPV>10 [11].

The statistical significance of the univariate analy-
sis was set as two-sided («=0.2), and the factors corre-
lated with P<0.2 according to the univariate analysis
were selected for multivariate binary logistic regression
analysis. A multicollinearity test was performed on the
selected predictors. When a variable correlation was
found, the variable with the highest correlation with RIF
was retained. The step-to-step forward method (likeli-
hood ratio) was adopted, the inclusion standard was 0.05,
the exclusion standard was 0.10, and P<0.05 was con-
sidered to indicate statistical significance. The odds ratio
(OR) and 95% confidence interval (CI) were used to esti-
mate the strength of the association between each factor
and the occurrence of RIF. The Box-Tidwell method was
used to evaluate the interaction between the continuous
independent variable and the natural value in the regres-
sion equation. The Hosmer—Lemeshow test was used
to determine goodness of fit (P<0.05). We randomly
selected 75% of the cycles in the control group and the
RIF group to establish a prediction model by using the
prediction factors and evaluated the reliability of the RIF
prediction model by using the data of the remaining 25%
of the cycles. The area under the ROC curve (AUC) was
also calculated. The ROC curve represents the sensitivity
and 1-specificity of the model, and the AUC value rep-
resents the ability of the model to correctly classify the
object of study.

Results

General clinical data

The general clinical data of the study population are listed
in Table 1. There were significant differences between the
two groups of patients in terms of age, duration of infer-
tility, proportion of secondary infertility, tubal factor
infertility, DOR, EMs, number of induced abortions, age
of the male partner and sperm quality (P<0.05).

Laboratory indicators

The laboratory indicators of the study population are
listed in Table 2. The results showed that the FSH level,
HOMA-IR value, and abnormal proportions of hysteros-
copy, TG-Ab, TPO-Ab, ANA, and A-B2-GPI Ab results
in the RIF group were significantly greater than those in
the control group (P<0.05), and the endometrial thick-
ness on the day of HCG and AMH in the RIF group
was significantly lower than that in the control group
(P<0.05).
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Table 2 Laboratory indicators
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Table 3 Variable assignment

Variables Assignment

Secondary infertility Yes (=1), No (=0)

Tubal factor Yes (=1),No (=0)

DOR Yes (=1), No (=0)

EMs Yes (=1), No (=0)
Hysteroscopy Abnormal (= 1), Normal (=0)

Number of induced abortions
Sperm quality

TG-Ab
TPO-AD
ANA
A-B2-GPI Ab

>2(=2),1(=1),0(=0)
Severe asthenospermia (= 2),
Mild or moderate astheno-
spermia (=1), Normal (=0)

Positive (=1), Negative (=0)
Positive (=1), Negative (=0)
Positive (=1), Negative (=0)
Positive (=1), Negative (=0)

DOR, diminished ovarian reserve; EMs, endometriosis.

Table 4 Assisted reproduction outcomes of subsequent transfer

cycles in RIF patients

Pregnancy outcome RIF

No. of ET cycles (n) 316

Live birth rate, No. (%)? 116/316(36.71)

Biochemical pregnancy rate, No. (9%)° 149/316(47.15)

Clinical pregnancy rate, No. (%) 135/316(42.72)

Pregnancy loss, No. (%) 33/149(22.15)
Biochemical pregnancy loss 14/149(9.40)

Clinical pregnancy loss

19/149(12.75)

Control RIF t/x? P
(n=4750) (n=462)
FSH (IU/L) 7.62+335 8.64+328 -2.722  0.007
LH (U/L) 484+3.18 463+2.18 0.769 0442
E, (pg/m L) 4848+20.67 4559+19.88 1209 0.228
P (ng/mL) 0.89+2.28 0.81+0.76 0337 0.736
PRL (ng/m L) 20.89+10.32 20.19+14.61 1.602 0.109
T(ng/mL) 043+0.23 042+0.25 0212 0833
AMH (ng/m L) 484+3.71 3.07+248 2585 0.011
FT3 (pmol/L) 495+0.6 493+0.94 0.138  0.891
FT4 (pmol/L) 17.77 £3.56 1793+£3.17 0.166  0.869
TSH (u1U/m L) 245+0.3 261+0.51 -1.255  0.217
HOMA-IR 1.81+0.519 2214067 -6.951  0.000
Chromosome karyo- 0332 0564
type (female partner)
Normal 4570(96.21)  442(95.67)
abnormal 180(3.79) 20(4.33)
Chromosome karyo- 0.065 0.798
type (male partner)
Normal 4345(9147)  421(91.13)
abnormal 405(8.53) 41(8.87)
Hysteroscopy 184.569 0.000
Normal 3670(77.26) 224(48.48)
abnormal 1080(22.74)  238(51.52)
Endometrial thickness  11.52+1.91 9.54+1.89 5.080 0.000
on the day of HCG
administration (mm)
Immune factor
ACA 0362 0.548
Positive 305(6.42) 33(7.14)
Negative 4445(93.58) 429(92.86)
ANA 7434 0.000
Positive 575(12.11) 122(26.41)
Negative 4175(87.89) 340(73.59)
A-B2-GPI Ab 104.994  0.000
Positive 120(2.53) 53(11.47)
Negative 4630(97.47) 409(88.53)
TG-Ab 73.558 0.000
Positive 495(10.42) 110(23.81)
Negative 4255(89.58) 352(76.19)
TPO-Ab 24679  0.000
Positive 485(10.21) 82(17.75)
Negative 4265(89.79)  380(82.25)

The data are presented as the mean+SD or % (n). The data were analysed by
ANOVA or the chi-square test and Fisher’s exact test. HOMA-IR was calculated
as follows: fasting insulin (uU/mL)*fasting glucose (mmol/L)/22.5. FSH, follicle-
stimulating hormone; LH, luteinizing hormone; E2, oestradiol; P, progesterone;
PRL, prolactin; T, testosterone; AMH, anti-Millerian hormone; FT3, free
triiodothyronine; FT4, free thyroxin; TSH, thyroid stimulating hormone; HOMA-
IR, Homeostatic Model Assessment for Insulin Resistance; ACA, anticardiolipin
antibody; ANA, antinuclear antibody; A-B2-GPI, anti-B2-glycoprotein | antibody;
TG-Ab, anti-thyroglobulin antibody; TPO-Ab, anti-thyroid peroxidase antibody.

Correlations of clinical characteristics and laboratory
indicators with RIF outcomes

75% of the patients were randomly selected for inclusion
in the analysis as a training set for modelling (Table 3 for
the values assigned to each predictor). All the included

2 Live birth was defined as the delivery of a live-born infant after 28 weeks or
more of gestation. ® Biochemical pregnancy was defined as a serum human
chorionic gonadotropin level greater than 10 mlU/mL. € Clinical pregnancy
was defined as the observation of an intrauterine gestational sac on an
ultrasonographic scan.

factors were tested for collinearity, which revealed that
the variance inflation factor (VIF) was less than 5 and
that the tolerances were greater than 0.1, suggesting that
there was no multicollinearity among the included fac-
tors. The Hosmer and Lemeshow test showed a good
model fit (P=0.151). The predictive model showed that
longer durations of infertility, abnormal hysteroscopy
results, low AMH levels, increased HOMA-IR values,
ANA positivity and A-B2-GPI-Ab positivity were associ-
ated with an increased risk of RIF (P<0.05). (Table 4 &
Fig. 2.) The ROC curve had an AUC of 0.900 (95% ClI,
0.870~0.929) (P=0.000) (Fig. 3A).

The predictive model was validated against the remain-
ing 25% of patients, and the test cohort ROC curve
had an AUC of 0.895 (95% CI, 0.865~0.925) (P=0.000).
Moreover, there was no significant difference between
the predictive and test datasets (Fig. 3B).

Comparison of the live birth subgroup and the no live birth
subgroup after the first cycle of assisted reproduction
treatment in RIF patients

After statistical follow-up, 316 RIF patients received ART
treatment between January 2018 and June 2022, and 116
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Pvalue 95%ClI Reduced risk Increased risk
Female age 0.701 1.021(0.918-1.135) [ ]
Male age 0.170 1.060(0.975-1.152) l-
Duration of infertility 0.003  1.978(1.264-3.097) .-._.
Type of infertility(female) 0.416 0.598(0.174-2.062) I ;—u
Type of infertility(male) 0.939  0.960(0.342-2.695) - : —
Tubal factor 0738 0.875(0.399-1.919) q :_.
DOR 0569  0.743(0.267-2.067) H—
EMs 0.390 0.688(0.293-1.615) H i—o
Number of induced abortions(1)  0.384 1.557(0.575-4.220) r—i.—t
Number of induced abortions (...2) 0.066 2.837(0.932-8.639) 5—.—.
Mild or moderate asthenospermia 0.054 1.841(0.989-3.427) E—.—u
Severe asthenospermia 0.085 2.476(0.883-6.943) «;—-—c
FSH 0976  1.016(0.354-2.920) ._'._.
AMH 0.026 0.504(0.275-0.922) f ,4:
HOMA-IR 0.000 3.548(1.931-6.519) E ——
Hysteroscopy 0.001  3.329(1.679-6.599) E —a—
Em thickness on the day of HCG  0.798 1.236(0.243-6.288) |—|.—|
TG-Ab positive 0.226 0.412(0.098-1.728) I —5—1
TPO-Ab positive 0.557  1.581(0.342-7.299) n—a—
ANA positive 0.020  3.249(1.200-8.797) ir—.—a
A- B 2-GPI Ab positive 0.011 5.515(1.481-20.536) . =
[ ' I I [ |
0 5 10 15 20

Fig. 2 RIF risk forest map of RIF. The duration of infertility, number of induced abortions, low AMH levels, increased HOMA-IR values, abnormal hysterosco-
py results, ANA positivity, and A-32-GPI Ab positivity were risk factors for RIF. DOR, diminished ovarian reserve; EMs, endometriosis; FSH, follicle-stimulating
hormone; AMH, anti-Mllerian hormone; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; TG-Ab, anti-thyroglobulin antibody; TPO-Ab,
anti-thyroid peroxidase antibody; ANA, antinuclear antibody; A-32-GPI Ab, anti-B2-glycoprotein | antibody

patients had live births after the first cycle (live birth sub-
group). There were 200 patients without a live birth in
the first cycle (no live birth subgroup) (Table 4). The gen-
eral information and treatment plans of the two groups
were compared. The results showed that patient age,
endometrial thickness on the day of HCG administration,
number of transplanted embryos, and type of transferred
embryo were significantly different between the two
groups (P<0.05). There were no significant differences
in BMI, excretion promotion or endometrial preparation
regimens between the two groups (P>0.05) (Table 5).

Multivariate analysis of pregnancy assistance in the first
cycle of RIF

Logistic regression analysis (same method as above) was
used to analyse the different influencing factors in the
univariate analysis. The results showed that the age of
the patient and the type of embryo transferred were risk

factors for no live births in the first assisted reproduction
cycle after RIF (P<0.05) (Fig. 4). Logistic regression anal-
ysis revealed no collinearity among the included factors,
and there was no significant difference between the Hos-
mer and Lemeshow test results (P=0.733), indicating that
the model was a good fit. The logistic regression analy-
sis prediction model was evaluated by the ROC curve
(AUC=0.673) (95% CI, 0.597~0.748) (P=0.000) (Fig. S1).

Discussion

In this study, the objective was to construct a model for
predicting the probability of recurrent implantation fail-
ure (RIF) after assisted reproductive technology (ART)
treatment based on the clinical characteristics and rou-
tine laboratory test data of infertile patients. The results
revealed that increased infertility duration, uterine cavity
abnormalities, low AMH levels, insulin resistance, ANA
positivity, and A-f2-GPI Ab positivity were associated
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Fig. 3 ROC analysis of the training and validation sets. (A) The area under the ROC curve (AUC) of the training set was 0.900 (95% Cl=0.870-0.929). (B)

The AUC of the validation set was 0.895 (95% Cl, 0.865~0.925)

with an increased risk of RIF. In subsequent ART cycles
for RIF patients, advanced age increases the risk of no
live births, and blastocyst transplantation is more condu-
cive to achieving a live birth.

With the development of ART, clinical treatment pro-
tocols are becoming increasingly effective, and the suc-
cess rate of IVF has improved; however, there are still
some families who undergo multiple high-quality embryo
transfers for fertility treatment and are unable to achieve
pregnancy. With the development of preimplantation
genetic testing (PGT), approximately 70% of embryos
are identified as high quality [12]. Thus, maternal auto-
pathological factors are closely related to the occurrence
of RIF. In previous studies, aetiological screening for RIF
included examination of thrombosis tendency, immu-
noglobulin levels, lymphocyte subsets, and multiple
immune cytokine profiles [13—-15]. However, the signifi-
cance of several indicators in the diagnosis and predic-
tion of RIF is still controversial. Patients with RIF suffer
great psychological and economic pressure due to mul-
tiple implantation failures. Therefore, analysing the clini-
cal characteristics of patients and the results of routine
laboratory tests are particularly important for the analy-
sis and prediction of RIF to provide patients with more
reasonable clinical management strategies to improve
pregnancy outcomes.

With increasing infertility duration, sperm may exhibit
decreased acrosomal protein activity and nuclear chro-
matin immaturity, which increases the possibility of
sperm—egg union disorder in infertile couples [16]. This

increases the risk of embryo implantation failure. The
results of this study suggest that an increase in infertility
duration is a risk factor for RIF. Studies have shown that
pregnancy rates are closely related to a woman’s age [17].
The proportion of oocytes with chromosomal abnormali-
ties begins to increase after the age of 26 years, and the
older the woman is, the greater the probability of chro-
mosomal abnormalities in oocytes [18], which may affect
embryonic development potential. Previous studies have
shown that primary infertility is associated with IVEF-
assisted pregnancy failure [19]. In this study, there were
significant differences in age and infertility type between
the RIF group and the control group, but logistic regres-
sion analysis showed that age and infertility type were
not risk factors for RIF. In future studies, data from more
centres and larger samples are needed for verification.
Embryo implantation requires a good uterine envi-
ronment, and studies have shown that the incidence of
uterine cavity abnormalities in RIF patients can reach
25-50% [20]. Ultrasonography and hysteroscopy are
commonly used in clinical monitoring. The most com-
mon intrauterine lesions closely related to embryo
implantation include intrauterine adhesions, endome-
tritis, endometrial polyps and submucosal myoma. Hys-
teroscopy is the gold standard for detecting and treating
uterine factors and can detect intrauterine lesions that
may be missed by other examinations [21]. Most studies
suggest that patients with RIF should undergo hysteros-
copy before undergoing further assisted reproduction
cycles and that pregnancy should be facilitated after
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Table 5 General data on the first assisted reproduction cycle in
patients with RIF

Live birth  No live X2 P
subgroup  birth value
(n=116) subgroup
(n=200)
Age (years) 33094514 3541+£6.16 -2930 0.004
BMI (kg/mz) 2263+£290 2289+264 -0654 0514
Ovarian hyperstimulation/ 33 120 1.086 0.909
Endometrial preparation
protocols
Fresh cycle 14 55
Long protocol 2 6
Super long protocol 6 20
Modified super long 6 24
protocol
Antagonist protocol 6 15 0445 08
Microstimulation 83 80
protocol 7 8
Frozen-thawed cycle
Natural cycle 60 54
Hormone therapy 16 18
cycle
Ovulation induction
cycle
Endometrial thicknesson ~ 10.02+1.68 9.43+2.23 2153 0033
the day of HCG adminis-
tration (mm)
No. of embryos transferred 4541 0.039
1 51 64
2 65 136
Type of embryos 13.181  0.000
transferred
Cleavage embryo 62 147
Blastocyst 54 53

The data are presented as the mean+SD or % (n). The data were analysed by
ANOVA or the chi-square test and Fisher’s exact test. BMI, body mass index.

ruling out/treating uterine cavity lesions, therefore signif-
icantly improving the pregnancy rate [22]. In this study,
the proportion of uterine abnormalities in patients with
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RIF was significantly greater than that in healthy individ-
uals, and logistic regression analysis revealed that uterine
abnormalities were a risk factor for RIF.

AMH is a member of the transforming growth factor
B (TGF-P) superfamily and is secreted by ovarian granu-
losa cells [23]. The serum AMH concentration is widely
used to evaluate and predict ovarian function, COH,
embryo quality and pregnancy outcomes [24, 25]. Previ-
ous studies have shown that the AMH concentration is
an important clinical predictor of ART cycle outcomes
[26]. In a study based on single-dominant follicles and
in vitro fertilization (IVF), AMH levels in follicular fluid,
but not in serum, were correlated with embryo implanta-
tion potential [27]. In this study, the AMH concentration
in the RIF group was significantly lower than that in the
control group, and logistic regression analysis revealed
that a low AMH concentration was a risk factor for the
occurrence of RIF. Low level of AMH may affect the qual-
ity of embryos and thus the implantation of embryos.

Studies have shown that IR can affect oocyte meiosis
in PCOS patients and delay oocyte maturation, thereby
reducing the number of mature oocytes [28]. A study
in a mouse model of insulin resistance showed that IR
increased oxidative stress and mitochondrial dysfunction
in mouse oocytes, resulting in poor oocyte quality and
reduced fertility [29]. A prospective clinical study showed
that the implantation and pregnancy rates of PCOS
patients with IR were significantly lower than those of
PCOS patients without IR, and there was no significant
difference in embryo quality between the two groups. It
is speculated that IR may reduce the embryo implanta-
tion rate by affecting the function of the endometrium
in patients [30]. In this study, the HOMA-IR score was
significantly greater in RIF patients than in control indi-
viduals. Logistic regression analysis revealed that a high
IR was a risk factor for the occurrence of RIF.

Previous studies have shown that autoimmune coor-
dination is an important condition for a successful

Pvalue 95%CI Reduced risk Increased risk
Age 0.012 1.069(1.015-1.126) =
Endometrial 0.285 0.917(0.783-1.075) =
No. of embryos transfered(2) 0.473 1.270(0.661-2.439) ’ -
Blastocys 0.005 0.365(0.181-0.736) —_ — :
[ [ [ I I
0.0 0.5 1.0 1.5 2.0

Fig. 4 RIF risk forest map Age was a risk factor for no live births in patients with RIF (P=0.012, 95% Cl=1.069 (1.015~1.126)). Blastocyst transfer was a
protective factor against unsuccessful pregnancy in RIF patients (P=0.005, 95% Cl=0.365 [0.181 ~0.736])
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pregnancy [31, 32]. ANA is a screening antibody for
autoimmune diseases. ANA positivity can reduce oocyte
quality, affect embryo development, and reduce the
embryo implantation and pregnancy rates, resulting in
repeated pregnancy loss [33—35]. Anti-phospholipid anti-
bodies (APAs), such as anti-cardiolipin (aCL) and A-p2-
GPI Abs, can affect pregnancy outcomes by interfering
with oocyte development, embryo morphology, uterine
contractions, and appropriate decidua and are potential
causes of hypofertility [36]. In this study, the percentages
of patients who tested positive for thyroid antibodies,
ANAs and A-B2-GPI Abs in the RIF group were signifi-
cantly greater than those in the control group. Logistic
regression analysis revealed that ANA and A-B2-GPI Ab
positivity were risk factors for the occurrence of RIF.

Aetiological screening was carried out for RIF patients,
and assisted reproduction therapy was continued after
symptomatic treatment. This study further analysed RIF
patients with and without live births after the subsequent
first assisted reproduction cycle. Logistic regression anal-
ysis revealed that advanced age was a risk factor for no
live births after subsequent assisted reproduction cycles
in RIF patients, and blastocyst transfer improved the live
birth rate after subsequent assisted reproduction cycles
in RIF patients. Advanced age leads to a decrease in the
number of transferable embryos and strongly affects
the quality of embryos; in particular, an increase in the
number of aneuploid embryos significantly reduces the
pregnancy rate [37, 38]. It has been reported that with
increasing age, the asynchronism of embryo-intima
development increases. In women aged 35 years, the
increase in asynchronism of the embryo intima can lead
to a significant decrease in the embryo implantation
rate and a significant increase in the biochemical preg-
nancy rate [39]. Therefore, for RIF patients undergoing
subsequent assisted reproduction cycles, the appropri-
ate length of time should be determined to improve the
live birth rate. A prospective cohort study showed that
implantation rates were significantly greater in patients
who underwent blastocyst transfer than in patients who
underwent cleavage-stage embryo transfer [40]. Stud-
ies have shown that blastocyst transfer can improve the
clinical pregnancy rate in patients with RIF [41]. There-
fore, for the subsequent assisted pregnancy cycle of RIF
patients, blastocyst transfer should be performed as
much as possible, and assisted reproduction treatment
should be continued as soon as possible through reason-
able cycle management to minimize the adverse effects of
age on assisted pregnancy outcomes.

Limitations

This was a single-centre regression study, for which the
results need to be evaluated and verified by prospective
large-scale randomized controlled studies. The small
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sample size for the analysis of factors influencing preg-
nancy outcomes in subsequent assisted reproduction
cycles for RIF patients resulted in the inclusion of fewer
covariates, and future studies with larger samples and the
inclusion of more factors are needed for assessment and
validation.

Conclusion

In summary, an increased infertility duration, uterine
cavity abnormalities, low AMH levels, insulin resistance,
ANA positivity, and A-B2-GPI Ab positivity were asso-
ciated with an increased risk of RIF. In subsequent ART
cycles for RIF patients, advanced age increases the risk
of no live births, and blastocyst transplantation is more
conducive to achieving a live birth.
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