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Abstract: The cumulative live birth rate (CLBR) can better reflect the overall treatment effect by
successive treatments, and continuous rather than categorical variables as exposure variables can
increase the statistical power in detecting the potential correlation. Therefore, the dose–response
relationships might find an optimal dose for the better CLBR, offering evidence-based references
for clinicians. To determine the dose–response relationships of the factors and the optimal ranges
of the factors in assisted reproductive technology (ART) associated with a higher CLBR, this study
retrospectively analyzed 16,583 patients undergoing the first in vitro fertilization (IVF) or intracy-
toplasmic sperm injection (ICSI) from January 2017 to January 2019. Our study demonstrated the
optimal ranges of age with a higher CLBR were under 32.10 years. We estimated the CLBR tends to
increase with increased levels of AMH at AMH levels below 1.482 ng/mL, and the CLBR reaches a
slightly high level at AMH levels in the range from 2.58–4.18 ng/mL. The optimal ranges of basal
FSH with a higher CLBR were less than 9.13 IU. When the number of cryopreserved embryos was
above 1.055 and the number of total transferred embryos was 2, the CLBR was significantly higher. In
conclusion, there is a non-linear dose–response relationship between the CLBR with age, AMH, basal
FSH, and the number of cryopreserved embryos and total transferred embryos. We proposed the
optimal ranges of the five factors that were correlated with a higher CLBR in the first oocyte retrieval
cycle, which may help consultation at IVF clinics.

Keywords: dose–response relationship; cumulative live birth; anti-Müllerian hormone; age; follicle-
stimulating hormone; transferred embryos

1. Introduction

Currently, the incidence of infertility is gradually increasing, which is a global medical
concern affecting between 8 and 30% of reproductive-age couples worldwide [1–4]; hence,
the demand for infertility treatment is increasing [5]. Concomitant with the development of
assisted reproductive technology (ART), an increasing number of infertility couples obtain
a live birth through these technologies. Frozen embryo transfer (FET) is gaining popularity
for its advantages of convenience, safety, and efficacy [6–8]. The cumulative live birth rate
(CLBR) per oocyte retrieval (including fresh embryo transfer and subsequent FET) can
better reflect the overall treatment effect by successive treatments [9]. Likewise, the CLBR
is an important indicator of common concern for both clinicians and patients.

It has long been known that maternal age is the most significant factor affecting ART
outcomes [10]. Previous research found that female obesity adversely affected the CLBR in
their first in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) cycles [11].
Women with diminished ovarian reserves had substantially lower live birth rates [12], and
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the anti-Müllerian hormone (AMH) levels, the basal follicle-stimulating hormone (FSH)
levels, and AFC can be used as the indicators for ovarian reserve function [13–15]. There
are also studies that found an additional predictor of the CLBR was the number of retrieved
oocytes [16]. However, most of the previous research treated these factors as categorical
variables, which hampered the establishment of clear dose–response relationships between
these factors and the CLBR. Moreover, dose–response relationships might find an optimal
dose for the better CLBR, offering evidence-based references for clinicians.

Therefore, we designed a retrospective study to determine the optimal ranges of the
factors in ART associated with a higher CLBR in women undergoing the first IVF/ICSI.

2. Materials and Methods
2.1. Study Design and Population

This is a retrospective population-based study. Patients with a total of 30,530 retrieval
cycles were collected in this study between January 2017 and January 2019 from the Center
for Reproductive Medicine, Shandong University. The following cycles were excluded:
all preimplantation genetic testing (PGT); IVF/ICSI with donor oocytes; gamete transfer;
oocyte cryopreservation; not the first retrieval cycles; no AMH value or AMH > 1 year
from oocyte retrieval; premature ovarian insufficiency (POI) or polycystic ovary syn-
drome (PCOS). The final sample size for analysis was 16,583. This study was approved
by the institutional review board of the Center for Reproductive Medicine, Shandong
University (2022–59).

2.2. IVF/ICSI Protocols

All patients received a controlled ovarian stimulation protocol, oocyte retrieval, fer-
tilization, an embryo cultured and cryopreserved in vitro, and luteal phase support for
fresh embryo transfer (ET), or endometrial preparation and luteal phase support for frozen
embryo transfer, according to a routine method [17]. The protocols for controlled ovarian
stimulation in our study included luteal phase gonadotropin-releasing hormone (GnRH)
agonist long protocols (6536, 39.4%), GnRH agonist short protocols (4974, 30.0%), GnRH an-
tagonist protocols (2842, 17.1%), follicular phase GnRH agonist long protocol (1375, 8.3%),
mild stimulation protocol (258, 1.6%), natural cycle protocol (248, 1.5%), GnRH agonist
ultrashort protocol (12, 0.1%), and other protocols (338, 2.0%). The IVF-ET protocols used in
our center have been described in detail previously [7,18]. Ovarian response was monitored
using ultrasonography and serum sex steroid levels. A dose from 4000 to 10,000 IU human
chorionic gonadotropin (HCG) was administered when the size of at least two follicles
reached 18 mm, and oocyte retrieval was performed from 34 to 36 h later. According
to the male partner’s sperm quality, oocytes were fertilized by conventional IVF/ICSI.
All embryos were frozen, or up to two fresh embryos were transferred, at the cleavage
or blastocyst stage after fertilization. Luteal phase support [18] was started after oocyte
retrieval in women with fresh embryos transferred. Frozen blastocysts were thawed and
transferred, and subsequently provided luteal phase support protocol according to the
different endometrial preparation programs [19]. Pregnancy outcome follow-ups were
carried out as previously described [20].

2.3. Outcome

Our primary outcome of interest was the CLBR in the first index retrieval cycle. The
CLBR was defined as the percentage of live births per patient from the first index retrieval
cycle, including all fresh or subsequent two years of frozen embryo transfer after the oocyte
retrieval. Live birth (LB) was defined as the delivery of any viable infant at 28 weeks or
more of gestation.

2.4. Statistical Analysis

All analyses and plotting were performed with IBM SPSS statistics 26.0, R 4.1.3, or
GraphPad Prism 9. Continuous numeric variables were expressed as mean ± SD, and
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categorical variables were described as percentages. The Student’s t-test was used for
continuous numeric variables and the Chi-squared test was used for categorical variables.
Multivariate logistic regression analyses were performed to identify the influencing factors
of the CLBR. The candidate variables for multivariate logistic regression analyses were those
with p < 0.05 after the univariate analyses. Multivariate logistic regression analyses (the
backward logistic regression method) were conducted by fitting a logistic regression model.
Logistic regression was expressed as an odds ratio (OR) with 95% confidence intervals
(CI), and a forest plot was drawn by GraphPad Prism 9. The dose–response relationship
between variables (age, AMH, basal FSH, the number of cryopreserved embryos, and total
transferred embryos) and the odds ratio of the CLBR was evaluated by a restricted cubic
spline (RSC) with covariates adjusted. Sensitivity analyses were performed to evaluate the
stability of our findings by restricting the analytic samples to ovulatory women (n = 16,474)
and women without endometriosis (n = 15,605), respectively. p < 0.05 was considered
statistically significant.

3. Results

Of 30,530 retrieval cycles, 16,583 retrieval cycles/patients were included in the final
analysis. The study population is presented in a flow chart (Figure 1).
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Figure 1. Flow chart of the study population. PGT: preimplantation genetic testing; IVF: in vitro
fertilization; ICSI: intracytoplasmic sperm injection; AMH: anti-Müllerian hormone; POI: premature
ovarian insufficiency; PCOS: polycystic ovary syndrome.

3.1. Characteristics of the Study Population

The characteristics of the 16,583 retrieval cycles/patients are shown in Table 1. A total
of 7967 (48.04%) patients achieved a live birth. Compared to those who did not obtain a
live birth, patients who obtained a live birth were younger (31.00 ± 4.15 vs. 34.221 ± 5.65,
p < 0.001), had slightly lower BMI (23.67 ± 3.50 vs. 24.11 ± 3.47, p < 0.001), slightly
shorter duration of infertility (3.62 ± 2.66 vs 3.84 ± 3.24, p < 0.001), and slightly lower
FBG (5.24 ± 0.81 vs. 5.27 ± 0.79, p = 0.028). They had higher AMH levels (3.87 ± 2.75
vs. 2.74 ± 2.64, p < 0.001) and lower basal FSH (6.60 ± 1.93 vs. 7.54 ± 3.10, p < 0.001),
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and they were less likely to be parous women (51.30% vs. 62.50%, p < 0.001). There were
differences in the incidence of uterine factor infertility (14.60% vs. 22.30%, p < 0.001),
male factor infertility (17.30% vs. 12.60%, p < 0.001), and unexplained infertility (5.30% vs.
7.60%, p < 0.001) between patients who obtained a live birth or were not among infertility
etiologies. Versus those who did not obtain a live birth, women who had a live birth had
a lower total Gonadotropin dose (2000.39 ± 969.78 vs. 2211.21 ± 1207.59, p < 0.001), a
slightly greater number of retrieved oocytes (11.19 ± 5.57 vs 7.69 ± 5.91, p < 0.001), more
cryopreserved embryos (3.05 ± 2.51 vs. 1.35 ± 2.12, p < 0.001) and transferred embryos
(1.83 ± 0.80 vs. 1.10 ± 1.14, p < 0.001), a higher proportion of cycles with oocytes retrieved
(100.00% vs. 96.70%, p < 0.001), embryos cryopreserved (86.60% vs. 47.90%, p < 0.001), and
total transferred embryos (100% vs. 59.30%, p < 0.001).

Table 1. Baseline and stimulation cycle characteristics.

Characteristic Total (n = 16,583) No Live Birth (n = 8616) Live Birth (n = 7967) p Value

Age 32.68 ± 5.24 34.22 ± 5.65 31.00 ± 4.15 <0.001
BMI 23.90 ± 3.49 24.11 ± 3.47 23.67 ± 3.50 <0.001

Duration of infertility 3.73 ± 2.98 3.84 ± 3.24 3.62 ± 2.66 <0.001
FBG 5.25 ± 0.80 5.27 ± 0.79 5.24 ± 0.81 0.028

AMH 3.28 ± 2.75 2.74 ± 2.64 3.87 ± 2.75 <0.001
Basal FSH 7.09 ± 2.64 7.54 ± 3.10 6.60 ± 1.93 <0.001

Gravidity ≥ 1 (%) 57.20 62.50 51.30 <0.001
Infertility etiology (%)

Tubal factor 79.40 79.10 79.70 0.327
Uterine factor 18.60 22.30 14.60 <0.001

Male factor 14.80 12.60 17.30 <0.001
Unexplained 6.50 7.60 5.30 <0.001

Endometriosis 5.90 6.10 5.70 0.276
Ovulatory dysfunction 0.70 0.60 0.70 0.502

Total Gonadotropin dose (IU) 2109.92 ± 1104.77 2211.21 ± 1207.59 2000.39 ± 969.78 <0.001
No. of retrieved oocytes 9.37 ± 6.01 7.69 ± 5.91 11.19 ± 5.57 <0.001

Cycles with oocytes retrieved (%) 98.30 96.70 100.00 <0.001
No. of cryopreserved embryos 2.17 ± 2.47 1.35 ± 2.12 3.05 ± 2.51 <0.001

Cycles with embryos cryopreserved (%) 66.50 47.90 86.60 <0.001
No. of total transferred embryos 1.45 ± 1.06 1.10 ± 1.14 1.83 ± 0.80 <0.001

Cycles with transferred embryos (%) 78.80 59.30 100.00 <0.001

BMI: body mass index; FBG: fasting blood glucose; AMH: anti-Müllerian hormone; FSH: follicle-
stimulating hormone.

3.2. Association of AMH and Other Factors with CLBR

A multivariate analysis was performed by logistic regression (the backward logis-
tic regression method) to examine the association between the CLBR and those candi-
date variables with p < 0.05 after the univariate analyses. Those candidate variables
included age, BMI, duration of infertility, FBG, AMH, basal FSH, infertility type, uter-
ine factor infertility, male factor infertility, unexplained infertility, total Gonadotropin
dose, the number of retrieved oocytes and cryopreserved embryos, and the number
of total transferred embryos. In adjusted models, age (OR 0.910, 95%CI 0.903–0.917,
p < 0.001), AMH (OR 1.021, 95%CI 1.006–1.037, p = 0.005), basal FSH (OR 0.967, 95%CI
0.951–0.983, p < 0.001), uterine infertility (OR 0.822, 95%CI 0.747–0.904, p < 0.001), male
infertility (OR 1.185, 95%CI 1.072–1.309, p = 0.001), the number of cryopreserved embryos
(OR 1.252, 95%CI 1. 231–1.274, p < 0.001), and the number of total transferred embryos
(OR 2.033, 95%CI 1.954–2.115, p < 0.001) were significantly associated with the CLBR
(Table 2 and Figure 2). That is, the CLBR increased with AMH, and the number of cry-
opreserved embryos and total transferred embryos decreased with age and basal FSH.
These couples with male infertility more often had a CLBR, and those women with uterine
infertility were significantly less likely to have a CLBR than women without uterine infer-
tility. The other covariates (BMI, duration of infertility, FBG, infertility type, unexplained
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infertility, total Gonadotropin dose, and the number of retrieved oocytes) were unrelated to
the CLBR and were not included in the multivariable-adjusted logistic regression model. In
sensitivity analyses, the association of these factors with the CLBR was similar to the results
in samples of women who were ovulatory (n = 16,474) or women without endometriosis
(n = 15,605), respectively (Table 2).

Table 2. Multiple logistic regression analysis.

Parameter Adjusted OR (95%CI) p Value

Total population (n = 16,583)
Age 0.910 (0.903–0.917) <0.001

AMH 1.021 (1.006–1.037) 0.005
Basal FSH 0.967 (0.951–0.983) <0.001

Uterine infertility 0.822 (0.747–0.904) <0.001
Male infertility 1.185 (1.072–1.309) 0.001

No. of cryopreserved embryos 1.252 (1.231–1.274) <0.001
No. of total transferred embryos 2.033 (1.954–2.115) <0.001
Ovulatory Women (n = 16,474)

Age 0.909 (0.902–0.917) <0.001
AMH 1.023 (1.007–1.038) 0.003

Basal FSH 0.966 (0.950–0.982) <0.001
Uterine infertility 0.824 (0.748–0.907) <0.001

Male infertility 1.181 (1.069–1.306) 0.001
No. of cryopreserved embryos 1.252 (1.231–1.274) <0.001

No. of total transferred embryos 2.035 (1.955–2.117) <0.001
Women without endometriosis (n = 15,605)

Age 0.910 (0.902–0.917) <0.001
AMH 1.020 (1.004–1.036) 0.012

Basal FSH 0.968 (0.951–0.985) <0.001
Uterine infertility 0.786 (0.711–0.869) <0.001

Male infertility 1.175 (1.061–1.300) 0.002
Total Gonadotropin dose/100 0.997 (0.993–1.000) 0.090
No. of cryopreserved embryos 1.247 (1.225–1.269) <0.001

No. of total transferred embryos 2.027 (1.946–2.112) <0.001

AMH: anti-Müllerian hormone; FSH: follicle-stimulating hormone.
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We further evaluated the dose–response relationship between the CLBR and AMH
and other variables (age, basal FSH, and the number of cryopreserved embryos and trans-
ferred embryos) by a restricted cubic spline (RSC). The results of the RSC are presented
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in Figure 3. After adjusted AMH, basal FSH, and the number of cryopreserved embryos
and transferred embryos, the CLBR decreased significantly with increasing age (non-linear,
p < 0.001, Figure 3A). We found the CLBR with an inverse association above 32.10 years of
age (OR 0.997, 95%CI 0.994–0.999). The association was more pronounced with increasing
age, the OR of the CLBR was 0.016 (95%CI 0.010–0.025) when the age was 48 years. After
adjusted age, basal FSH, and the number of cryopreserved embryos and transferred em-
bryos, the CLBR increased significantly with increasing AMH levels (non-linear, p < 0.001,
Figure 3B). We estimated the CLBR tends to increase with an increase in the levels of AMH
at AMH levels below 1.482 ng/mL (OR 0.896, 95%CI 0.817–0.984) and the CLBR to reach a
slightly high level at AMH levels in the range from 2.58–4.18 ng/mL (OR > 1.0, however,
the 95%CI included 1.0). After adjusted age, AMH, and the number of cryopreserved
embryos and transferred embryos, the CLBR was associated with basal FSH (non-linear,
p = 0.002, Figure 3C). The CLBR was significantly decreased when basal FSH was more
than 9.13 IU (OR 0.890, 95%CI 0.792–0.999). After adjusted age, basal FSH, AMH, and the
number of total transferred embryos, the CLBR was positively correlated with the number
of cryopreserved embryos (non-linear, p < 0.001, Figure 3D). When the number of cryopre-
served embryos was above 1.055 (OR 1.038, 95%CI 1.035–1.041), the CLBR was significantly
higher. After adjusted age, basal FSH, AMH, and the number of cryopreserved embryos, the
CLBR was associated with the number of total transferred embryos (non-linear, p < 0.001,
Figure 3E). The CLBR was significantly higher when the number of total transferred em-
bryos was two (OR 1.252, 95%CI 1.151–1.361), and was decreased when the number of total
transferred embryos was more than three (OR 0.595, 95%CI 0.535–0.662). When the number
of total transferred embryos was eight, the OR of CLBR was only 0.077 (95%CI 0.047–0.127).
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Figure 3. Association of the five factors with CLBR ((A). Association of age with CLBR; (B). Asso-
ciation of AMH with CLBR; (C). Association of FSH with CLBR; (D). Association of the number
of cryopreserved embryos with CLBR; (E). Association of the number of total transferred embryos
with CLBR). AMH: anti-Müllerian hormone; FSH: follicle-stimulating hormone; Cnum: number of
cryopreserved embryos; Tnum: number of total transferred embryos.

In sensitivity analyses, the dose–response relationships between the CLBR and vari-
ables (age, AMH, basal FSH, the number of cryopreserved embryos, and the number of total
transferred embryos) were similar to the above findings in ovulatory women or women
without endometriosis (Figures S1 and S2).
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4. Discussion

In this study, the CLBR was non-linearly associated with age, AMH, basal FSH, and
the number of cryopreserved embryos and total transferred embryos. For the first time,
we found the optimal ranges of the five factors that were correlated with a higher CLBR in
the first oocyte retrieval cycle. The optimal ranges of age with a higher CLBR were under
32 years, the optimal ranges of AMH were from 2.58–4.18 ng/mL (but the differences were
not significant), and the optimal ranges of basal FSH were less than 9.13 IU. When the
number of cryopreserved embryos was above one and the number of total transferred
embryos was two, the CLBR was significantly higher.

Considering the development of modern ART, the CLBR per oocyte retrieval cycle
(including fresh embryos transferred and all frozen embryos transferred after oocyte
retrieval) has become a more meaningful outcome for patients and clinicians [9]. Therefore,
the CLBR served as the main outcome parameter in our study. Previous evidence has
demonstrated that female age is a major factor influencing fertility [21] and that decreasing
fecundity is associated with increasing age, due to a reduced ovarian reserve, poor quality
of oocytes, and an increased incidence of embryonic aneuploidy [22,23]. Whether after
assisted reproduction or not, the CLBR gradually decreased with an increase in the age
of females [24]. The majority of studies [25–29] have reported that the CLBR decreases in
females after the age of 35 compared with females under the age of 35; however, in our
study, the age moved to 32 years. This result is consistent with the previous opinion [30].
The advanced upper limit of optimal reproductive age might be related to the increase in
work stress, bad lifestyle, or environmental pollution today.

AMH is secreted by granulosa cells (GCs) of pre-antral and small antral follicles in the
ovary [31]. AMH levels can reflect the number of pre-antral and small antral follicles [32].
Converging evidence revealed that AMH can be considered a reliable indicator of ovarian
reserves [33,34] and for predicting the success rate of in vitro fertilization (IVF) [35–37].
Recently, a retrospective study with a large sample size pointed out that AMH highly
correlates with the CLBR in women with diminished ovarian reserves (DOR) independent
of age [14]. The similar result was found in a population of elderly women [38]. Low AMH
levels have been reported to have a negative effect on live birth in women undergoing
ART [29,39–41]. In our study, AMH levels below 1.482 n/mL were the risk factor of the
CLBR, which indicated that a low AMH level is associated with poor ovarian reserves.
The women with low AMH would yield fewer follicles, fewer transferable embryos, and,
therefore, have fewer chances of transfer. AMH with specific ranges would provide better
estimates of IVF outcomes [42]. At present, the optimal range of AMH levels has not been
clarified. Previous research has found that serum levels of AMH above 3.5 ng/mL do not
significantly increase the chance of a live birth [28], which is similar to our study findings
in all subjects. Results of a recent study showed that the CLBR had a decreasing trend
or was not significantly changed when the serum level of AMH was over 5 ng/mL in
young women (under 35 years of age) or over 7 ng/mL in older women (above 35 years).
Moreover, the optimal range of AMH levels was reported to be between 5 and 7 ng/mL
in all women. [28]. However, the AMH range in that study was artificially set and this
way is prone to anthropogenic impact. In the current analysis, RCS models allowed for
departures from linearity, which can flexibly model the relationship of AMH and CLBR to
determine the optimal range of AMH levels. Moreover, we used continuous rather than
categorical variables, as exposure variables can increase the statistical power in detecting
the potential correlation [43].

A previous study has concluded that high AMH levels might indicate more quantity
of oocytes or embryos, rather than a higher quality of oocytes or embryos [44]. However,
the specific mechanism of the high AMH levels affecting the quality of oocytes has not been
clarified. There was no correlation between AMH levels with oocyte quality in women
of advanced age [45]. Therefore, the CLBR is not significantly improved in the present
study when the serum AMH level is above 4.18 ng/mL. It was speculated that a high AMH
level might be associated with adverse perinatal outcomes. Recently, research found that
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high levels of serum AMH had a significantly higher risk of miscarriage in women with
or without PCOS [46]. Similarly, an increased rate of miscarriage has been reported in
women with high or low AMH levels [47]. High serum AMH levels were also associated
with an increased risk of preterm delivery in women with PCOS [48]. The result was
similar to those from another study, and another study proposed that closer monitoring
during the third trimester in patients with serum levels of AMH over 9.3 ng/mL might be
required [49]. In addition, we excluded the possible interference of the women with PCOS
or POI to the results, and adjusted other potentially influencing factors such as age, basal
FSH, or the number of cryopreserved embryos and total transferred embryos.

The basal FSH level is another clinical index to evaluate ovarian reserve, as basal FSH
concentration increases when the ovarian reserve declines [50]. Compared with AMH,
the ability of basal FSH to predict pregnancy outcomes was poor [35,51,52]. Our results
showed that basal FSH was higher than 9.13 IU, and the CLBR was significantly decreased.
Compared to previously published results, the cut-off of FSH in our study was a lower level,
and a more accurate range could lead to more valuable information for the clinician. This
could be useful for clinicians in clinical decision-making about ART for these patients. Over
the past few decades, the number of FETs has continuously increased for the improvement
of embryo culture conditions and the development of vitrification techniques [53]. FET is
gaining popularity for its advantages of convenience, safety, and efficacy [6–8]. Our results
were similar to those of the previous study [54–56], and the CLBR was positively correlated
with the number of cryopreserved embryos. Fewer cryopreserved embryos reduces the
chance to transfer; however, in our study, the CLBR no longer increased, as the number
of cryopreserved embryos increased to a certain number. It might be that the top-quality
embryos were given priority for transfer, so that transferring the surplus of poor embryos
would not have significantly helped to increase the CLBR [57]. The same patients with
several embryo transfers were unsuccessful, which may be associated with other factors,
such as the patients with a thin endometrium. Further, we identified that the CLBR was
significantly higher as the number of totals transferred was two. This result is different
from the findings of previous research [58]. This could be due to high-quality embryos
being preferentially selected for transfer, and women without obtained live birth needed to
perform repeated embryo transfers. It is an important reminder for clinicians not to pursue
the number of transfers, and prepared endometrium is an important factor affecting the
success of ART when top-quality embryos are transferred [59].

There are strengths and weaknesses in the present study. First, the CLBR served as
the main outcome parameter in our study. CLBR per oocyte retrieval can better reflect the
overall treatment effect by successive treatments, and it has become a more meaningful
outcome for patients and clinicians. Second, in this single-center and large-scale study,
the embryos were cultured in the same laboratory conditions, which minimized potential
bias to a large extent. Third, RCS models in the current analysis allowed for departures
from linearity, which can flexibly model the relationship between these factors and the
CLBR to determine the optimal ranges of these factors. We used continuous rather than
categorical variables as exposure variables can increase the statistical power in detecting
the potential correlation [43]. Dose–response relationships could find an optimal dose for
the better CLBR, and we surmise that the results obtained in the present study are more
precise and clinically more efficient than the previous research. In addition, we excluded
the possible interference of the women with PCOS or POI from the results and adjusted
other potentially influencing factors. However, the main limitation of our study was its
retrospective nature; although, we attempted to mitigate these limitations by controlling for
confounders and performing sensitivity analyses. Future prospective multicenter studies
are required to verify our findings. Another limitation of our study was the lack of data on
other risk factors, such as maternal lifestyle habits. Future studies should evaluate other
potential confounders, such as work stress, lifestyle habits, or environmental pollution.
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5. Conclusions

In conclusion, our study suggested that there is a non-linear dose–response relation-
ship between the CLBR with age, AMH, basal FSH, and the number of cryopreserved
embryos and total transferred embryos. We found the optimal ranges of the five factors that
were correlated with a higher CLBR in the first oocyte retrieval cycle, which may provide a
scientific basis for the clinical management and treatment of IVF. The results could guide
clinicians to better manage the ART procedures and provide proper counseling services for
infertile couples.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12020493/s1, Figure S1. Association of AMH and factors
with CLBR in ovulatory women; Figure S2. Association of AMH and factors with CLBR in women
without endometriosis. AMH, anti-Müllerian hormone; FSH, follicle-stimulating hormone; Cnum,
No. of cryopreserved embryos; Tnum, No. of total transferred embryos.
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47. Kostrzewa, M.; Żyła, M.; Garnysz, K.; Kaczmarek, B.; Szyłło, K.; Grzesiak, M. Anti-Müllerian hormone as a marker of abortion in
the first trimester of spontaneous pregnancy. Int. J. Gynaecol. Obstet. 2020, 149, 66–70. [CrossRef]

48. Hu, K.L.; Liu, F.T.; Xu, H.; Li, R.; Qiao, J. High antimullerian hormone levels are associated with preterm delivery in patients with
polycystic ovary syndrome. Fertil. Steril. 2020, 113, 444–452.e441. [CrossRef]

49. Kaing, A.; Jaswa, E.A.; Diamond, M.P.; Legro, R.S.; Cedars, M.I.; Huddleston, H.G. Highly elevated level of antimüllerian
hormone associated with preterm delivery in polycystic ovary syndrome patients who underwent ovulation induction. Fertil.
Steril. 2021, 115, 438–446. [CrossRef]

50. Valeri, C.; Pappalardo, S.; De Felici, M.; Manna, C. Correlation of oocyte morphometry parameters with woman’s age. J. Assist.
Reprod. Genet. 2011, 28, 545–552. [CrossRef]

51. Ligon, S.; Lustik, M.; Levy, G.; Pier, B. Low antimüllerian hormone (AMH) is associated with decreased live birth after in vitro
fertilization when follicle-stimulating hormone and AMH are discordant. Fertil. Steril. 2019, 112, 73–81.e71. [CrossRef] [PubMed]

52. Nelson, S.M.; Yates, R.W.; Fleming, R. Serum anti-Müllerian hormone and FSH: Prediction of live birth and extremes of response
in stimulated cycles—Implications for individualization of therapy. Hum. Reprod. 2007, 22, 2414–2421. [CrossRef] [PubMed]

53. du Boulet, B.; Ranisavljevic, N.; Mollevi, C.; Bringer-Deutsch, S.; Brouillet, S.; Anahory, T. Individualized luteal phase support
based on serum progesterone levels in frozen-thawed embryo transfer cycles maximizes reproductive outcomes in a cohort
undergoing preimplantation genetic testing. Front. Endocrinol. 2022, 13, 1051857. [CrossRef] [PubMed]

54. Aslan, K.; Kasapoglu, I.; Cakir, C.; Avci, B.; Uncu, G. Supernumerary embryos, do they show the cycle success in a fresh embryo
transfer? A retrospective analysis. Gynecol. Endocrinol. Off. J. Int. Soc. Gynecol. Endocrinol. 2021, 37, 1107–1110. [CrossRef]

55. Hill, M.J.; Richter, K.S.; Heitmann, R.J.; Lewis, T.D.; DeCherney, A.H.; Graham, J.R.; Widra, E.; Levy, M.J. Number of supernu-
merary vitrified blastocysts is positively correlated with implantation and live birth in single-blastocyst embryo transfers. Fertil.
Steril. 2013, 99, 1631–1636. [CrossRef]

56. Ibrahim, Y.; Stoddard, G.; Johnstone, E. A clinical counseling tool predicting supernumerary embryos after a fresh IVF cycle.
J. Assist. Reprod. Genet. 2020, 37, 1137–1145. [CrossRef]

57. Kirillova, A.; Lysenkov, S.; Farmakovskaya, M.; Kiseleva, Y.; Martazanova, B.; Mishieva, N.; Abubakirov, A.; Sukhikh, G. Should
we transfer poor quality embryos? Fertil. Res. Pract. 2020, 6, 2. [CrossRef]

http://doi.org/10.1210/clinem/dgaa513
http://doi.org/10.1530/JOE-16-0522
http://www.ncbi.nlm.nih.gov/pubmed/28130407
http://doi.org/10.1186/s13048-018-0430-z
http://www.ncbi.nlm.nih.gov/pubmed/30012195
http://doi.org/10.1007/s00404-015-3901-0
http://doi.org/10.1016/j.ejogrb.2018.04.039
http://doi.org/10.3389/fendo.2021.728051
http://doi.org/10.1016/j.repbio.2014.03.004
http://doi.org/10.1093/humrep/deaa008
http://doi.org/10.1016/j.ejogrb.2016.02.007
http://doi.org/10.1016/j.repbio.2016.12.002
http://www.ncbi.nlm.nih.gov/pubmed/28132758
http://doi.org/10.1136/bmj.332.7549.1080
http://doi.org/10.1016/j.fertnstert.2012.12.048
http://www.ncbi.nlm.nih.gov/pubmed/23394782
http://doi.org/10.1038/s41598-020-76543-y
http://www.ncbi.nlm.nih.gov/pubmed/33184364
http://doi.org/10.1186/s12884-022-04591-5
http://doi.org/10.1002/ijgo.13104
http://doi.org/10.1016/j.fertnstert.2019.09.039
http://doi.org/10.1016/j.fertnstert.2020.06.015
http://doi.org/10.1007/s10815-011-9555-3
http://doi.org/10.1016/j.fertnstert.2019.03.022
http://www.ncbi.nlm.nih.gov/pubmed/31056310
http://doi.org/10.1093/humrep/dem204
http://www.ncbi.nlm.nih.gov/pubmed/17636277
http://doi.org/10.3389/fendo.2022.1051857
http://www.ncbi.nlm.nih.gov/pubmed/36531476
http://doi.org/10.1080/09513590.2021.1946502
http://doi.org/10.1016/j.fertnstert.2013.01.130
http://doi.org/10.1007/s10815-020-01731-8
http://doi.org/10.1186/s40738-020-00072-5


J. Clin. Med. 2023, 12, 493 12 of 12

58. Zhang, M.; Bu, T.; Tian, H.; Li, X.; Wang, D.; Wan, X.; Wang, Q.; Mao, X.; La, X. Use of Cumulative Live Birth Rate per Total
Number of Embryos to Calculate the Success of IVF in Consecutive IVF Cycles in Women Aged ≥35 Years. BioMed Res. Int.
2019, 2019, 6159793. [CrossRef]

59. Vergaro, P.; Tiscornia, G.; Rodríguez, A.; Santaló, J.; Vassena, R. Transcriptomic analysis of the interaction of choriocarcinoma
spheroids with receptive vs. non-receptive endometrial epithelium cell lines: An in vitro model for human implantation. J. Assist.
Reprod. Genet. 2019, 36, 857–873. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1155/2019/6159793
http://doi.org/10.1007/s10815-019-01442-9

	Introduction 
	Materials and Methods 
	Study Design and Population 
	IVF/ICSI Protocols 
	Outcome 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population 
	Association of AMH and Other Factors with CLBR 

	Discussion 
	Conclusions 
	References

