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Abstract

Purpose
A small number of risk prediction model have been previously reported to predict the infertility treatment
success. While the studies of the risk prediction model for the patients with low prognosis are limited.
This study aimed to construct and validate a nomogram for the prediction of cumulative live birth rate
(CLBR) in patients with low prognosis from a single center database in Chinese population.

Methods
Clinical data of 4,395 patients with low prognosis, who received in vitro fertilization
(IVF)/intracytoplasmic sperm injection (ICSI) therapy between 2014 and 2018, were retrieved and
randomly divided into training (70%) and the external validation (30%) sets. Multivariate analysis with
logistic regression model was conducted.

Results
Multivariate analyses showed that maternal age, body mass index (BMI), basal serum follicle-stimulating
hormone (FSH) level, type of infertility, male factors, uterine factors, and usable embryos number at day 3
were risk factors for CLBR in patients with low prognosis. The area under the receiver operating
characteristic curve (AUC) of the prediction model was 0.769 (95% con�dent interval (CI): 0.751, 0.787) in
training set. The validation set presented good performance with an AUC of 0.749 (95% CI: 0.720, 0.778).
In addition, Hosmer-Lemeshow chi-square value was 10.194 (P = 0.252).

Conclusion
We constructed and validated a nomogram for the prediction of CLBR in low prognosis patients with a
single center database in Chinese population. The validated nomogram for the prediction of CLBR could
be potentially applied in clinic for IVF counselling in patients with low prognosis.

Background
Although the assisted reproductive technology (ART) has been widely applied in clinical practice, and also
the overall live birth rate has been greatly improved due to the improvement of technical methods during
the recent decades[1], it is still a hard work for managing the poor ovarian response (POR) patients[2]. To
distinguish these POR patients were not easy. Bologna criteria were most common accepted to stratify
the POR patients[2], but there were still some limitations in clinical usage as the Bologna criteria were
designed for clinical trials other than daily practice[3]. Clinicians had found it far from satisfactory on
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providing information for decision making. On the other hand, the application of Bologna criteria in
clinical studies was not going smoothly either[4].

In 2016, the POSEIDON (Patient-Oriented Strategies Encompassing IndividualizeD Oocyte Number) group,
which consists of reproductive endocrinologists and reproductive medicine experts with long-term clinical
and/or research experiences from seven countries, proposed a new strati�cation according to the
decreased ovarian reserve or unexpected POR to exogenous gonadotropins. By considering the in�uence
of age, ovarian reserve parameters (AMH and AFC) and previous response to ovarian stimulation on in
vitro fertilization (IVF) outcome, both qualitative and quantitative parameters were comprehensively
evaluated and also take oocyte quantity and quality into account, patients with low prognosis were �nally
divided into four groups[5–6].

In order to better evaluate the clinical prognosis of Chinese low prognosis patients and help to develop
therapeutic schedule, Chinese experts put forward some opinions and suggestions on the localization of
POSEIDON criteria[7]. However, there were few studies using POSEIDON criteria to screen low prognosis
patients and evaluate their prognosis in China. The treatment status and prognosis of patients in
different strati�cation according to POSEIDON criteria were still unclear. Therefore, this study focuses on
the clinical application of POSEIDON criteria. By case screening retrospectively and statistical analyzing,
a scale tool for predicting cumulative live birth rate (CLBR) was developed on the basis of clinical data,
which was used for the evaluation of the probability of expected cumulative live birth in low prognosis
patients after ART.

Materials And Methods

Study design and population
The present study was a retrospective observational cohort study included all patients who received
IVF/intracytoplasmic sperm injection (ICSI) therapy at Assisted Reproduction Center of Northwest
Women’s and Children’s Hospital, Northwest China between 2014 and 2018. Patients underwent the �rst
cycle and been de�ned as low prognosis according to the POSEIDON criteria were screened and enrolled
in the statistics, but were excluded from this study if any of the following criteria occurred: (1) donated
oocyte cycles; (2) PGS/PGD cycles; (3) cycles without live birth outcome but with remaining extra frozen
embryos in this period; (4) lost to follow-up; (5) induced abortion.

Ethics statement
This study was approved by the Ethics Committee of the Clinical Application of Human Assisted
Reproductive Technology of Northwest Women's and Children's Hospital (No. 2018002). Informed
consent was not obtained for the present study was a retrospective observational cohort study. The study
was performed according to the principles of the Declaration of Helsinki as well as its later amendments.

Clinical outcome
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The primary outcome was the CLBR which was de�ned as the cumulative live birth per transvaginal
oocyte aspiration accordant to terminology de�nition. The numerator for calculating CLBR was the sum
of live births delivered from frozen-thawed embryo transfer (FETs) and live births from fresh cycles. If a
patient received multiple deliveries, only the �rst delivery was taken into account in the analysis.

Treatment protocol
As a retrospective study, the treatment protocol were chosen by physicians according to the patients
clinical situation, after discussion with the patients and her couple. There were three main protocols,
including agonist protocol, antagonist protocol and progestin primed ovarian stimulation(PPOS) protocol.
The detailed description of these protocols could be found in our previous reports[8,9].

Risk factors
Data were retrieved from an electronic system storing medical record (Wuhan Huchuang Co., Ltd., Version
9.2.5.8). The data at the baseline were collected for risk factor analysis, including maternal age, body
mass index (BMI), previous gravidity, previous parity, duration of infertility, type of infertility, main etiology,
antral follicle count (AFC), basal follicle-stimulating hormone (bFSH), and number of day 3 usable
embryos. The age was strati�ed by 5 years old with a basic range of ≥ 25 and < 30. BMI was also
strati�ed according to the pinched (< 18.5 kg/m2), normal weight (≥ 18.5 kg/m2 and < 24 kg/m2),
overweight (≥ 24 kg/m2 and < 28 kg/m2), and obesity (≥ 28 kg/m2). The basic range (or normal, or �rst
strati�cation in each variable) was used as a reference in statistical analysis. AFC and bFSH were
strati�ed according to the clinical opinions, at the threshold of 4 and 9 for AFC, and 10 IU/L for bFSH.

Statistical analysis
4,395 eligible participants were randomly divided into training set (70% participants, 3,122 cases) and
external validation set (30% participants, 1,273 cases). Categorical variables were described as frequency
(percentage), and statistical differences between the groups were compared by using the χ2 test. In the
training set, univariate and multivariate logistic regression analysis were conducted to determine the risk
factors correlated with CLBR, and the correlations between the related factors and CLBR were reported as
ORs with corresponding 95% con�dent intervals (CIs). Variables presenting statistical signi�cance in the
univariate analysis were tested with multivariate logistic regression analysis, followed by the selection of
the variables which were eventually included in the model. A nomogram was constructed with the
variables selected by multivariate logistic regression analysis, which were incorporated into the
nomogram for the prediction of CLBR. The e�ciency of the model was evaluated by the C statistic, which
is equal to the area under the curve (AUC) of receiver operating characteristic curve (ROC) in the training
set and validation set. The calibration e�ciency (agreement between actual outcome frequencies and the
predicted CLBR) was evaluated by Hosmer-Lemeshow χ2 statistics.

Statistical analysis was performed using SPSS software (version 23.0, USA), and R software (version
3.4.1, USA). Two-tailed analysis with P < 0.05 was considered signi�cantly different.
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Results

Patient demographics
Altogether, 54,714 cases were extracted, checked and veri�ed. There were 4,635 cases in accordance with
POSEIDEN criteria of low prognostic, and 4,395 cases �nally enrolled in this study. For these female
patients, they were 34.14 years old in average, the average BMI was 22.43 kg/m2, with a average duration
of infertility at 4.20 years, 42.71% of them were de�ned as primary infertility. According to the clinical
outcome, 1,153 of them achieved the cumulative live birth (CLBR at 26.23%). After randomization, 3,122
of them were assigned into training set, and the reset 1,273 were assigned into validation set. (Fig. 1)

In the training set, there were 820 patients achieved cumulative live birth (CLB). According to the
univariate results, almost all the factors were related with the CLB. But in the multivariate results, only the
patients more than 35 years old, BMI ≥ 28kg/m2, and those de�ned as secondary infertility, with uterine
factors as cause of infertility, and bFSH more than 10IU/L will be less probability to achieving the CLB.
Interestingly, those with BMI between 24kg/m2 to 28kg/m2, with male factors as cause of infertility, and
had more usable embryos at day 3 indicates a better clinical outcome.

Nomogram development
According to the multivariate OR, the independent risk factors for CLB were used in the nomogram
development (Fig. 2). The poorest strati�cation in each variable was de�ned as 0 point, and the best
strati�cation get most points, for example the patients over 40 years old was recorded 0 point at the
variable of age, while those at 25 to 29 years old get about 26 points. The total points in seven variables
would be used to map to the scale of predictor. If a patient get more than 113 points, the estimated CLBR
was > 90%; while an estimated CLBR < 10% would come if the total point was less than 39. The 50%
probability was given when someone get 76 points.

Nomogram validation
By applying the nomogram on the training set, we could draw a ROC curve to show the predicting
capability of the nomogram (Fig. 3A). The AUC was 0.769. And by applying the nomogram in validation
set, the AUC was 0.749 (Fig. 3B). The Hosmer-Lemeshow chi-square statistic, which revealed calibration
ability was 10.194, and the calibration plot is presented in Fig. 4 (P = 0.252). Furthermore, we also tested
all the variables in the nomogram for their predicting capabilities of CLB(Table 2). It could be determined
that the number of embryos usable at day 3 was the most correlated factors among the seven variables,
but still not as accurate as the nomogram. Several variables, such as BMI and causes of infertility, were
unable to predict the CLB alone in validation set.

Discussion
This was a study showing the cumulative live birth in patients with low prognosis by using POSEIDON
criteria. In the present study, we constructed and validated a nomogram to predict CLBR, consist of age,
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BMI, type and causes of infertility, bFSH, and usable embryos number at day 3.

The usable embryos number at day 3 was the most important variable in the nomogram. According to the
Fig. 2, we could see a huge weight of embryos number in the scoring, furthermore the predictor capability
of it alone was also high (AUC 0.737 in Table 2). The variable re�ecting quality or quantity of embryos
were different among studies, such as number of embryos transferred[10,11], or good-quality
embryos[12].In this study, we have chosen the usable embryos number at day 3 because it was not only a
routine data in our center that could be most completely retrieved, and also it is a factor strongly related
with CLBR or other clinical outcomes[13,14]. The usable embryos number at day 3 take account of both
the high-quality and low-quality embryos, that the later ones were potential of live birth in subsequent
transfer when the �rst transfer failed. It is more suitable for studies using CLBR as an endpoint. The
number of embryos played such an important role in POSEIDON population[15], indicated that the
treatment protocol should be carefully chosen as the other factors were less in�uential or hard to adjust
in clinical. Several more embryos might be a decisive change for some couples.

Among reset six variables, age were always reported as important predictors in previous studies[16,17]. It
is not surprising that age could affect the clinical outcome, but the detailed results showed that only > 35
year old will signi�cantly impact the CLBR. The exact threshold of age to affect the live birth was still not
established, but more and more studies choose the 35 years old as the threshold, and also it had been
accept in the POSEIDON criteria[6]. The causes of infertility were also common in CLB prediction studies,
especially the male factor which was quite reasonable as the application of ICSI technical. In this study,
we also found uterine factors could be a disadvantage factor in IVF. But it need to mention that the
predictor capability of infertility cause was not satisfactory in the validation set. It imply that the factors
need further veri�cation.

For BMI, it is interesting to see that overweight (24kg/m2 ≤ BMI < 28 kg/m2) achieved a better live birth
rate than those with normal BMI. It is commonly believed that the BMI, or fat cells, is critical in estrogen
secretion. But the results in previous studies were inconsistent with common sense. One large scale study
focus on BMI found the overall live birth rate was decreased in women with BMI > 30 kg/m2 [18], but no
differences were seen in other groups. Other studies also indicated there was no correlation between BMI
and live birth rate, or even negatively correlated with live birth rate[19]. But few study focus on POSEIDON
patients had reported the relationship between CLBR and BMI, we suppose the endocrine changing were
more sensitive in these patients and it might be a reason that BMI became one of the variables in the
nomogram.

The management of POSEIDON patients was a challenging issue, the main reason was poor prognosis
and it was the common cause of dropout[20]. In a recent studies in China, the POSEIDON patients got an
approximate 24% of CLBR, signi�cantly lower than that in non-POSEIDON patients, which was 44.5%[21].
In our study, the CLBR was about 26%, similar to that in the reference. The characteristics of the patients
in several POSEIDON population were all similar. It indicated that the conclusion in our study could be
applied and also validated by most POSEIDON population.
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Treatment regimen decision might affect the clinical outcome, so it was always included in the
multivariate analysis[21]. In the Chinese experts’ opinions, antagonist protocol were recommended in
both younger patients (< 35 years old) and elder patients (> 35 years old), as it could achieve good clinical
outcomes in fresh cycle, and also reduce the Gn usage or shorten the treatment duration[7]. Even after the
recommendation, an opinion was given that the protocol should be applied according to the situation of
center and patients. But the treatment regimen was not included in the nomogram, as some further
analyses would be applied to directly compare the effectiveness of different treatment protocols in
POSEIDON population, and also in each subgroups. The comparison could directly re�ect the difference
of CLBR under both dimension of treatment regimens and dimension of POSEIDON subgroup, which is
the �rst step for clinical application of the nomogram.

Limitation
It was a retrospective and single center study, bias could not be fully avoided. As shown in table 2, several
variables showed different predict capability in training and validation set. The nomogram could be more
accurate by expansion more samples. And the clinical outcome was chosen CLB only, some other
common outcomes such as live birth in single cycle, clinical pregnancy rate were not shown in this study.
One reason was the de�nition of CLB �ts the criteria of POSEIDON best, another was that there were
already extensive results by CLB.

Conclusion
In the present study, we constructed and validated a nomogram for the prediction of CLBR in patients
with low prognosis from a single center database in Chinese population. The validated nomogram for the
prediction of CLBR could be potentially applied in clinic for IVF counselling in patients with low
prognosis.

Declarations
Acknowledgements 

We thank the staff from Northwest Women’s and Children’s Hospital for their assistance with the data
collection. We thank all participants in this study.

Author contributions

LJ Chen: manuscript writing; PF Qu: data analysis; JF Wu: manuscript editing; JL Xie: data collection; H
Wang: data collection; WH Shi: manuscript editing; JZ Shi: protocol development.

Funding

The study was funded by General Projects of Social Development in Shaanxi Province (No. 2020SF-305).



Page 8/14

Con�icts of interest 

The authors declare no potential con�icts of interest with respect to the research, authorship, and/or
publication of this article.

Ethical approval 

The study was approved by the Ethics Committee for the Clinical Application of Human Assisted
Reproductive Technology of Northwest Women's and Children's Hospital (No. 2018002). The study was
conducted in accordance with the principles contained in the Declaration of Helsinki and its later
amendments.

Consent to participate

Informed consent was not obtained as this was a retrospective cohort study.

Availability of data and material: not applicable

Code availability : not applicable

Consent for publication: not applicable

Author contributions:

LJ Chen: manuscript writing 

PF Qu: data analysis

JF Wu: manuscript editing

JL Xie: data collection

H Wang: data collection

WH Shi: manuscript editing

JZ Shi: protocol development

References
1. De Geyter C, Calhaz-Jorge C, Kupka MS, et al. ART in Europe, 2014: results generated from European

registries by ESHRE: The European IVF-monitoring Consortium (EIM) for the European Society of
Human Reproduction and Embryology (ESHRE)[J]. Hum Reprod, 2018, 33(9): 1586–1601.

2. Ferraretti AP, La Marca A, Fauser B, et al. ESHRE consensus on the de�nition of 'poor response' to
ovarian stimulation for in vitro fertilization: the Bologna criteria [J]. Hum Reprod, 2011, 26(7): 1616–



Page 9/14

1624.

3. Ferraretti AP, Gianaroli L. The Bologna criteria for the de�nition of poor ovarian responders: is there a
need for revision? Hum Reprod. 2014 Sep;29(9):1842-5.

4. Boza A, Oguz SY, Misirlioglu S, Yakin K, Urman B. Utilization of the Bologna criteria: a promise
unful�lled? A review of published and unpublished/ongoing trials. Fertil Steril (2018) 109(1):104-9
e2. Epub 2017/12/05.

5. Esteves SC, Roque M, Bedoschi GM, Conforti A, Humaidan P, Alviggi C. De�ning low prognosis
patients undergoing assisted reproductive technology: POSEIDON criteria - the why. Front Endocrinol
(Lausanne) (2018) 9:461. Epub 2018/09/04.

�. Poseidon Group (Patient-Oriented Strategies Encompassing IndividualizeD Oocyte Number), Alviggi
C, Andersen CY, Buehler K, Conforti A, De Placido G, et al. A new more detailed strati�cation of low
responders to ovarian stimulation: from a poor ovarian response to a low prognosis concept. Fertil
Steril (2016) 105(6):1452-3.

7. Chinese Expert Suggestions Group on Diagnosis and Treatment of Assisted Reproductive
Technology with Low-Prognosis Patients. Delphi method-based Chinese experts' opinions on
diagnosis and treatment of assisted reproductive technology in low-prognosis patients. Chin J
Reprod Contracep, May 2020, Vol. 40, No. 5: 353–360

�. Chen L, Wang H, Zhou H, Bai H, Wang T, Shi W, Shi J. Follicular Output Rate and Follicle-to-Oocyte
Index of Low Prognosis Patients According to POSEIDON Criteria: A Retrospective Cohort Study of
32,128 Treatment Cycles. Front Endocrinol (Lausanne). 2020 Apr 7;11:181.

9. Shi W, Zhou H, Tian L, Zhao Z, Zhang W, Shi J. Cumulative Live Birth Rates of Good and Low
Prognosis Patients According to POSEIDON Criteria: A Single Center Analysis of 18,455 Treatment
Cycles. Front Endocrinol (Lausanne). 2019 Jun 26;10:409.

10. Tal R, Seifer DB, Wantman E, Baker V, Tal O. Antimüllerian hormone as a predictor of live birth
following assisted reproduction: an analysis of 85,062 fresh and thawed cycles from the Society for
Assisted Reproductive Technology Clinic Outcome Reporting System database for 2012–2013. Fertil
Steril. 2018 Feb;109(2):258–265.

11. Tal R, Seifer CM, Khanimov M, Seifer DB, Tal O. High serum Antimullerian hormone levels are
associated with lower live birth rates in women with polycystic ovarian syndrome undergoing
assisted reproductive technology. Reprod Biol Endocrinol. 2020 Mar 10;18(1):20.

12. Ferreux L, Bourdon M, Sallem A, Santulli P, Barraud-Lange V, Le Foll N, Maignien C, Chapron C, de
Ziegler D, Wolf JP, Pocate-Cheriet K. Live birth rate following frozen-thawed blastocyst transfer is
higher with blastocysts expanded on Day 5 than on Day 6. Hum Reprod. 2018 Mar 1;33(3):390–398.

13. Volpes A, Sammartano F, Coffaro F, Mistretta V, Scaglione P, Allegra A. Number of good quality
embryos on day 3 is predictive for both pregnancy and implantation rates in in vitro
fertilization/intracytoplasmic sperm injection cycles. Fertil Steril. 2004 Nov;82(5):1330-6.

14. 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 Feb 19;6:2.



Page 10/14

15. Esteves SC, Alviggi C, Humaidan P, Fischer R, Andersen CY, Conforti A, Bühler K, Sunkara SK, Polyzos
NP, Galliano D, Grynberg M, Yarali H, Özbek IY, Roque M, Vuong LN, Banker M, Rienzi L, Vaiarelli A,
Cimadomo D, Ubaldi FM. The POSEIDON Criteria and Its Measure of Success Through the Eyes of
Clinicians and Embryologists. Front Endocrinol (Lausanne). 2019 Nov 20;10:814.

1�. Metello JL, Tomás C, Ferreira P. Can we predict the IVF/ICSI live birth rate? JBRA Assist Reprod. 2019
Oct 14;23(4):402–407.

17. Leijdekkers JA, Eijkemans MJC, van Tilborg TC, Oudshoorn SC, McLernon DJ, Bhattacharya S, Mol
BWJ, Broekmans FJM, Torrance HL; OPTIMIST group. Predicting the cumulative chance of live birth
over multiple complete cycles of in vitro fertilization: an external validation study. Hum Reprod. 2018
Sep 1;33(9):1684–1695.

1�. Pandey S, McLernon DJ, Scotland G, Mollison J, Wordsworth S, Bhattacharya S. Cost of fertility
treatment and live birth outcome in women of different ages and BMI. Hum Reprod. 2014 Oct
10;29(10):2199 − 211.

19. Sermondade N, Huberlant S, Bourhis-Lefebvre V, Arbo E, Gallot V, Colombani M, Fréour T. Female
obesity is negatively associated with live birth rate following IVF: a systematic review and meta-
analysis. Hum Reprod Update. 2019 Jul 1;25(4):439–451.

20. Conforti A, Esteves SC, Picarelli S, Iorio G, Rania E, Zullo F, De Placido G, Alviggi C. Novel approaches
for diagnosis and management of low prognosis patients in assisted reproductive technology: the
POSEIDON concept. Panminerva Med. 2019 Mar;61(1):24–29.

21. Yang R, Zhang C, Chen L, Wang Y, Li R, Liu P, Qiao J. Cumulative live birth rate of low prognosis
patients with POSEIDON strati�cation: a single-centre data analysis. Reprod Biomed Online. 2020
Nov;41(5):834–844. doi: 10.1016/j.rbmo.2020.08.003. Epub 2020 Aug 10. PMID: 32978073.

Tables
Due to technical limitations, table 1,2 is only available as a download in the Supplemental Files section.

Figures



Page 11/14

Figure 1

Patient �ow chart
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Figure 2

Nomogram for predicting cumulative live birth (CLB). All the factors in the nomogram, including age, BMI,
type of infertility, cause of infertility (uterine factors and male factors), bFSH level and number of day 3
usable embryos, were scored according to the multivariate results. The total score of all the factors was
used to count an estimated cumulative live birth rate for clinical prediction.
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Figure 3

ROC curve in training cohort(A) and validation cohort (B).

Figure 4



Page 14/14

Calibration plot
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