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Ovarian sensitivity index-based
nomogram for predicting clinical
pregnancy outcomes in patients
with diminished ovarian reserve
undergoing in vitro fertilization or
Intracytoplasmic sperm injection

Feng-Xia Liu, Ka-Li Huang*, Shan-Jia Yi, Hui Huang,
Ming-Hua Shi and Xue-Fei Liang

Reproductive Hospital of Guangxi Zhuang Autonomous Region, Nanning, China

Background: Predicting clinical pregnancy outcomes in patients with diminished
ovarian reserve (DOR) undergoing in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI) remains challenging owing to the unique characteristics of
this patient group. Therefore, this study aimed to leverage existing predictive
models for pregnancy outcomes while integrating innovative strategies to
develop and validate a visualization-based predictive model specifically designed
for patients with DOR undergoing IVF/ICSI treatment.

Methods: This retrospective study analyzed data from 448 patients with DOR
who underwent IVF/ICSI at Guangxi Zhuang Autonomous Region Reproductive
Hospital from January 2019 to August 2023. We developed and internally
validated a nomogram incorporating the ovarian sensitivity index (OSl), age, and
controlled ovarian hyperstimulation (COH) protocol to predict clinical pregnancy
outcomes. Receiver operating characteristic (ROC) analysis, univariate and least
absolute shrinkage and selection operator (LASSO) regression analyses, and
multivariate logistic regression were used to construct the model. The optimal
cut-off value of the OSI for predicting clinical pregnancy was 1.135.

Results: Through multivariate analysis, age, OSI, and COH protocol were
identified as independent predictors. The developed nomogram demonstrated
good discrimination with an area under the ROC curve of 0.744, along with
satisfactory calibration and clinical utility.

Conclusion: The developed nomogram can accurately predict clinical
pregnancy outcomes in patients with DOR undergoing IVF/ICSI, potentially
assisting clinicians in personalized counselling and improving outcomes in this
challenging patient population.
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1 Introduction

Diminished ovarian reserve (DOR) is characterized by a reduction
in the quantity and quality of oocytes. Clinically, DOR is characterized
by decreased levels of the anti-Miillerian hormone (AMH) and antral
follicle count (AFC), along with elevated levels of baseline follicle-
stimulating hormone (bFSH). Currently, the diagnostic criteria for
DOR lack full standardization (1). According to the 2022 clinical
consensus on the diagnosis and treatment of diminished ovarian
function in China, DOR is diagnosed when a patient exhibits <5-7
antral follicles in both ovaries, serum AMH levels of <1.1 ng/mL, and
bFSH levels of >10 IU/L across two consecutive menstrual cycles (2).
DOR affects approximately 20% of the infertile population, with an
increasing prevalence and earlier onset (3). As the quantity and
reproductive potential of oocytes diminish, natural conception
becomes more challenging for patients with DOR. These individuals
usually rely on assisted reproductive technologies (ART), such as
in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI)-
embryo transfer, to conceive. However, patients with DOR undergoing
IVE/ICSI encounter several obstacles, including fewer retrieved
oocytes, fewer high-quality embryos, and higher rates of cycle
cancellation, all of which significantly contribute to reduced pregnancy
rates compared with those with normal ovarian reserves (4).
Enhancing IVF/ICSI outcomes in patients with DOR remains a
pivotal challenge in the field of reproductive medicine, and the lack of
personalized methods for assessing pregnancy outcomes in these
undergoing IVF/ICSI further
management. Therefore, developing an accurate and personalized

patients complicates  clinical
clinical prediction model to evaluate pregnancy outcomes in patients
with DOR undergoing IVF/ICSI is essential.

Studies have identified multiple predictive factors associated with
pregnancy outcomes following IVF/ICSI treatment, including age;
body mass index (BMI); duration, type, and cause of infertility;
baseline hormone levels; AMH; AFC; fertilization method; number of
oocytes retrieved; and embryo quality (5, 6). Considering these
factors, several studies have developed predictive models for
pregnancy outcomes in patients with infertility undergoing IVF/ICSI
(7, 8). However, owing to the unique characteristics of patients with
DOR, these models have some limitations within this group. For this
specific population, age, ovarian responsiveness, ovarian stimulation
protocols, number of oocytes retrieved, and embryo quality are
considered major factors influencing assisted pregnancy outcomes
(9-12). The ovarian sensitivity index (OSI), which assesses ovarian
responsiveness by calculating the ratio of the total number of mature
oocytes to the total amount of exogenous gonadotropins used during
the treatment cycle, provides a novel perspective for predicting
pregnancy outcomes in patients with DOR undergoing IVF/ICSI (13).
Compared with other ovarian responsiveness indicators, OSI, as a
ratio-based index, effectively correlates a patient’s response to
gonadotropins with the number of oocytes retrieved and
accommodates the diversity of age, AMH levels, and ovarian
stimulation protocols. It has demonstrated high consistency in its
predictive efficacy for pregnancy outcomes, making it important for
predicting pregnancy outcomes in patients with DOR undergoing
IVE/ICSI (14). A pressing need exists to establish personalized
prediction models specifically tailored to the DOR, incorporating
more precise factors. Such models could enable reproductive
endocrinologists to better assess treatment prospects, develop

Frontiers in Medicine

10.3389/fmed.2025.1618552

reasonable treatment plans, and improve the clinical pregnancy
outcomes of patients with DOR while reducing their physical and
mental burdens.

According to our preliminary literature review, no previous
studies have incorporated OSI into predictive models for evaluating
pregnancy outcomes in patients with DOR undergoing IVF/ICSI
treatment. Therefore, this study aimed to leverage existing predictive
models for pregnancy outcomes while integrating innovative
strategies, including the adoption of OSI, to develop and validate a
visualization-based predictive model specifically designed for patients
with DOR undergoing IVF/ICSI treatment. This model is anticipated
to provide novel references for clinical diagnosis and treatment
decisions, enhance assisted reproductive management for patients
with DOR, improve fertility quality, and be of critical importance for
advancing clinical practice and academic research in this field.

2 Methods
2.1 Study population

In this retrospective study, clinical data from patients with DOR
who underwent ICSI/IVF at the Guangxi Zhuang Autonomous
Region Reproductive Hospital between January 2019 and August 2023
data were

were analyzed. All extracted using an ART

management system.

2.2 Inclusion criteria

The inclusion criteria were AFC of <5-7 and serum AMH level of
<1.1 ng/mL (2). The AFC assessment was performed by transvaginal
ultrasound examination during the early follicular phase (days 2-4)
of the menstrual cycle. The antral follicles measuring 2-9 mm in
diameter in both ovaries were counted. All ultrasound examinations
were performed by experienced sonographers to minimize inter-
observer variation.

2.3 Exclusion criteria

In this study, the exclusion criteria included hydrosalpinx,
adenomyosis, endometriosis, history of intrauterine adhesions, and
uterine malformations.

2.4 Controlled ovarian hyperstimulation
protocols

2.4.1 Gonadotropin-releasing hormone agonist
protocol

A subcutaneous injection of 1.25mg of gonadotropin
(Gn)-releasing hormone agonist (GnRH-a) was administered
during the mid-luteal phase, followed by Gn initiation 14 days
later. The starting Gn dose was determined based on the patient’s
age, AFC, AMH level, BMI, and prior ovarian response. Follicular
monitoring was conducted 4-5 days after Gn initiation, assessing
follicle size, follicle number, and serum levels of luteinizing
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hormone (LH), estradiol, and progesterone. Gn doses were
adjusted according to follicular growth. Gn administration was
discontinued when at least three follicles reached >18 mm in
diameter. In the evening, 2000IU of human chorionic
gonadotropin (HCG) and 250 pg of recombinant HCG were
administered. Oocyte retrieval was performed 34-38 h later, with
embryo transfer conducted on day 3 (D3) and blastocyst transfer

on days 5-6 (D5/D6).

2.4.2 Gonadotropin-releasing hormone
antagonist protocol

Gn was initiated on day 2 or 3 of menstruation, with follicular
development monitored according to the long protocol. GnRH
antagonist (GnRH-A) at a dose of 0.25 mg was started on day 6 of
Gn treatment or when follicles reached 14 mm and was continued
until the HCG day. GnRH-A was discontinued when at least three
follicles measured >17 mm or two reached >18 mm. In the evening,
2000IU of HCG and 250 pg of recombinant HCG were
administered. Oocyte retrieval was performed 34-38 h later,
followed by embryo transfer on day 3 (D3) or blastocyst transfer on
days 5-6 (D5/D6).

2.4.3 Embryo assessment and transfer strategy

D3 embryos were graded using a 4-grade morphological system
based on cell number, uniformity, and fragmentation percentage (15).
Grades I-II represented optimal quality (uniform cells, <20%
fragmentation), while Grades III-IV indicated progressively declining
quality with increasing fragmentation, irregularity, or degeneration.
Embryos with >7 cells and Grade I-II morphology were classified as
good quality.

Blastocysts (D5/D6 embryos) were evaluated using the Gardner
scoring system, which assigns grades based on three parameters:
developmental stage (1-6, from early blastocyst to fully hatched),
inner cell mass (ICM) quality (A-C, from tightly packed to sparse),
and trophectoderm (TE) quality (A-C, from cohesive to sparse
epithelium) (16). Only Stage 3-6 blastocysts with distinguishable
cellular components received ICM and TE quality grades. Blastocysts
graded as AB, BA, or BB were considered good-quality embryos.

The transfer protocol prioritized single embryo transfer using the
highest quality available embryo, with a maximum limit of 2 embryos
per cycle. The number of embryos to be transferred was also
determined based on embryo quality, patient characteristics, and
clinical judgment.

2.5 Data collection

2.5.1 Baseline characteristics

Baseline clinical data of patients with DOR, including age, BMI,
infertility type, bFSH, AMH, COH protocol, total Gn dose, OS],
number of retrieved oocytes, number of metaphase II (MII) oocytes,
number of normally fertilized oocytes, fertilization protocol,
endometrial thickness, embryo stage, number of transferred embryos,
and embryo grade, were collected.

2.5.2 Outcome measure

In clinical pregnancy, an intrauterine gestational sac with a fetal
heartbeat is present at 28 days post-transfer.
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2.6 Statistical analysis
All data analyses were performed using R software (v4.3.3).

2.6.1 OSI prediction evaluation
The OSI was calculated using the following formula (17):

OSI= (Number of oocytes retrieved x 1,000)
/ Total Gn dosage (IU).

The number of oocytes retrieved represents the total count of
oocytes obtained during the retrieval procedure, and the total Gn
dosage represents the cumulative dose of gonadotropins (FSH and/or
LH) administered throughout the stimulation cycle, measured in
International Units (IU). The predictive power of OSI for forecasting
pregnancy rates was evaluated using ROC analysis with the pROC
package (version 1.18.5) in R. This analysis helped in determining the
optimal cut-off value, which was subsequently used to stratify patients
into high and low OSI groups for further analysis.

2.6.2 Data preprocessing

All variables were converted into unordered categorical variables
to simplify the analysis and enhance interpretability. OSI was
categorized into high and low based on the threshold determined by
ROC analysis. Age was categorized into groups (<35, 35-37, 38-40,
41-42, 43-44, and >45 years) based on recommendations from the
Chinese Society of Reproductive Medicine (18). These age groups
reflected recognized clinical thresholds for the IVF/ICSI procedure.
BMI was categorized into groups (< 18.5, 18.5-22.9, and >23 kg/m?)
based on recommendations from the World Health Organization
(2004) guidelines (19). Pregnancy outcomes were defined as zero for
non-pregnancy and one for clinical pregnancy. Infertility type was
categorized as primary infertility, secondary infertility, or others (no
history of infertility). COH protocols were classified as GnRH-a or
GnRH-A protocol, the fertilization protocols were recorded as IVF
and ICSI, and embryo grade was assigned as low- or good-
quality embryos.

2.6.3 Baseline clinical characteristics

Baseline clinical characteristics were analyzed using the
compareGroups (version 4.9.1) package in R. The compareGroups
package automatically assessed the normality of continuous variables
using the Shapiro-Wilk test and applied appropriate statistical tests
accordingly. Normally distributed continuous variables are expressed
as mean + standard deviation and were compared using t-tests.
Non-normally distributed continuous variables are expressed as
median [Q1; Q3] and were compared using non-parametric tests
(Mann-Whitney U test). Categorical variables are expressed as
proportions and were analyzed using the chi-square test or Fisher’s
exact test as appropriate, with statistical significance defined as
p <0.05.

2.6.4 Model construction and visualization

Initial variable screening was conducted using univariate logistic
regression, and variables with p < 0.1 were selected for further
analysis. Subsequently, predictor selection was refined using LASSO
regression analysis with the glmnet package (version 4.1.8). The
LASSO model was tuned using 10-fold cross-validation to determine

frontiersin.org


https://doi.org/10.3389/fmed.2025.1618552
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liu et al.

optimal lambda values (which represent the regularization parameter
that controls the extent of L1 regularization, influencing the degree to
which coefficients shrink toward zero to prevent overfitting and
enhance model simplicity). Two lambda values were evaluated:
lambda.min (the value that gives the minimum mean cross-validated
error) and lambda.lse (the largest value of 1 such that the error is
within one standard error of the minimum). Variables with non-zero
coeflicients at the selected lambda were retained for subsequent
analysis. The final lambda selection was based on the criterion within
one standard deviation (lambda.1se) to balance model simplicity and
predictive performance. Multivariate logistic regression analysis was
performed to identify significant predictors of clinical pregnancy
using a forward selection method with a significance threshold of
P <0.05. This method was selected for its efficiency in iteratively
adding significant predictors to the model. Finally, a predictive model
was constructed and visually represented using a nomogram with the
rms package (version 6.8.0).

2.6.5 Model validation

The nomogram model was rigorously validated internally using
the bootstrap method (including 2,000 bootstrap samples).
Additionally, the validation process included (a) assessing the
discrimination ability by calculating the area under the ROC curve
(AUC) and 95% confidence interval (CI) using the pROC packages
(version 1.18.5). An AUC exceeding 0.7 signifies acceptable
discriminatory power. (b) The prediction accuracy was determined
through calibration curves and the Hosmer-Lemeshow (H-L) test
using the rms package (version 6.8.0). The well-aligned calibration

10.3389/fmed.2025.1618552

curves indicated good agreement between the predicted probabilities
and observed outcomes. In the H-L test, P > 0.05 suggests no
significant difference between the observed and predicted values,
indicating a good model fit. (c) Evaluation of clinical utility using
decision curve analysis (DCA) with the rmda package (version 1.6).
The DCA curve demonstrates the net benefit of using the model to
predict pregnancy outcomes at different risk thresholds compared to
not using the model.

3 Results
3.1 Study process

Clinical data were collected from 1,599 patients with DOR in this
study. Following the application of the exclusion criteria, a total of 448
patients were included in the modelling set. This study process is
detailed in Figure 1.

3.2 OSI prediction evaluation

The predictive value of OSI for IVF/ICSI clinical pregnancy
outcomes was assessed using the ROC curve shown in Figure 2. In the
ROC curve analysis, the AUC was 0.619 (95% CI: 0.563-0.675), which
is considered suitable for predictive purposes. The optimal cut-off
threshold was 1.135. Based on this threshold, patients were
dichotomized into the following two groups: groups with an OSI of

N=1599

DOR patients undergoing IVF/ICSI between January
2019 and August 2023 in The Guangxi Zhuang
Autonomous Region reproductive hospital

Exclusion Criteria

1) Hydrosalpinx

Modeling set
N=448

!

Univariate logistic regression

A4

LASSO regression

l

Multivariate logistic regression

l

Model visualization

Internal validation

> [ 2) Adenomyosis

3) Endometriosis

4) History of intrauterine
adhesions

5) Uterine malformations.

Discrimination ability

(Nomogram)

FIGURE 1
Flow chart of the study.

> Prediction accuracy
Bootstrap

Clinical utility
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1.0
Threshold =1.135
0.8+ (0.412,0.777)
£ 0.6+
0.4+
0.24 AUC: 0.619
95%CI : 0.563-0.675
0.04
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity
FIGURE 2
ROC curve showing the optimal threshold of OSI. The X-axis
represents 1-specificity, and the Y-axis represents sensitivity. The area
under the curve (AUC) was equal to 0.619 (95% Cl: 0.563-0.675). The
option cut-off threshold equals 1.135 (sensitivity = 0.777,
specificity = 0.412). ROC, receiver operating characteristic; OSI,
ovarian sensitivity index; Cl, confidence interval.

>1.135 (defined as belonging to the high OSI category) and <1.135
(defined as belonging to the low OSI category).

3.3 Baseline characteristics

Among the 448 patients with DOR, 130 (29%) achieved clinical
pregnancy. These patients were assigned to the clinical pregnancy and
non-pregnancy groups. Supplementary Table SI presents the baseline
characteristics of each group. Statistically significant differences were
observed between the groups in age, infertility type, COH protocol,
number of oocytes, number of MII, OS], fertilization protocol,
number of zygotes observed with two pronuclei (2PN), embryo grade,
and number of embryos (p < 0.05).

3.4 Univariate logistic regression analysis of
predictors for clinical pregnancy

Supplementary Table S2 presents the univariate logistic regression
analysis of clinical pregnancies in the modelling set. According to the
analysis, clinical pregnancy in patients with expected DOR was
associated with OS], age, infertility type, BMI, AMH, COH protocol,
number of oocytes, number of MIJ, fertilization protocol, number of
2PN, endometrium, embryo grade, and number of embryos (p < 0.1).

3.5 LASSO regression analysis of predictors
for clinical pregnancy

The LASSO analysis was conducted on factors (including OSI, age,
infertility type, BMI, AMH, COH protocol, number of oocytes,
number of MII, fertilization protocol, number of 2PN, endometrium,
embryo grade, and number of embryos), which were statistically
significant (p < 0.1), as identified by univariate logistic regression.
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Supplementary Figure S1 presents the results. The optimal lambda
value was determined based on the maximum lambda (lambda.1se),
which falls within one standard error of the minimum cross-validation
error (lambda.min). Supplementary Figure S1B shows the critical
lambda values depicted as two vertical lines. Using this optimal
lambda, the LASSO regression model selected the following seven
predictors: OSI, age, COH, infertility type, fertilization protocol,
number of oocytes, and number of embryos.

3.6 Multivariate logistic regression analysis
and model visualization

Multivariate logistic regression analysis was performed on the
seven predictors screened using LASSO. Three predictors, OSI, age,
and COH protocol, were finally included in the model according to
the results shown in Table 1 (p < 0.05). The results of the logistic
regression analyses were used to construct a nomogram to predict
clinical pregnancy outcomes (Figure 3).

3.7 Model validation

3.7.1 Discrimination ability of the nomogram
model

A ROC curve was constructed to demonstrate the predictive
capability of the nomogram, with an AUC of 0.744 (Figure 4A).
Internal validity, which assesses the reliability of the nomogram, was
evaluated using 2,000 random bootstrap resamplings to mitigate
overfitting bias. As shown in Figure 4B, the AUC of bootstrap
resampling was 0.728 (95% CI: 0.680-0.778), suggesting that the
nomogram exhibited satisfactory sensitivity.

3.7.2 Prediction accuracy of the nomogram
model

The bootstrap method, employing 2,000 repetitions, was used for
internal validation. Supplementary Figure S2 displays the results of the
H-L test and calibration curves. The H-L test yielded a chi-square
statistic (X?) of 8.553 with a corresponding p-value of 0.480 (p > 0.05),
indicating good agreement between the predictions and observations
in the nomogram model. Additionally, the apparent and bias-
corrected calibration curves of the nomogram model were closely
aligned with the ideal curves, demonstrating robust agreement in the
retrospective cohort.

3.7.3 Clinical utility of the nomogram model

Figure 5 presents the DCA of the nomogram model. This
demonstrates that higher net clinical benefits are achievable with the
baseline and bootstrap-enhanced models when their threshold
probabilities range from 10 to 55% and 8 to 56%, respectively, than
with scenarios where no patients or all patients undergo IVF/ICSI.

3.8 Birth outcomes
Among the 448 patients included in this study, 130 (29%) achieved

clinical pregnancy. Of these, 96 (21.4%) resulted in live births, 30
(6.7%) ended in miscarriage, and 4 (0.89%) were ectopic pregnancies.
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TABLE 1 Results of multivariate logistic regression analysis of predictors for clinical pregnancy.

Variable B SE OR Cl z P-value
Age 35-37 (years) —0.226 0.334 0.8 0.41-1.54 —0.676 0.499
Age 38-40 (years) —1.153 0.324 0.32 0.17-0.6 —3.553 <0.0071 %%
Age 41-42 (years) —1.358 0.362 0.26 0.13-0.52 —3.751 <0.001 %%
Age 43-44 (years) —2.063 0.494 0.13 0.05-0.33 —4.171 <0.001#%**
Age >45 (years) —2.405 0.572 0.09 0.03-0.28 —4.203 <0.001***
High OSI 0.595 0.272 1.81 1.06-3.09 2.193 0.028%*
COH (Antagonist protocol) —0.633 0.303 0.53 0.29-0.96 —2.09 0.037*
Fertilization protocol (ICSI) —0.578 0.32 0.56 0.3-1.05 —1.809 0.07
Embryo grade (Low-quality) —0.528 0.367 0.59 0.29-1.21 —1.439 0.15
No. of embryos 0.432 0.264 1.54 0.92-2.58 1.632 0.103

*P < 0.05; ¥**P < 0.001.

OS], ovarian sensitivity index; COH, controlled ovarian hyperstimulation; ICSI, intracytoplasmic sperm injection; OR, odds ratio; B, coefficient; Z, z-value; SE, standard error; CI, confidence

interval; no., number.

4 Discussion

In this study, we evaluated the predictive value of OSI, age, and
the COH protocol for clinical pregnancy outcomes in patients with
DOR undergoing IVF/ICSI. We also developed and internally
validated a nomogram that integrated these variables, providing
clinicians with a tool for making individualized treatment decisions
and enhancing the pregnancy outcomes of IVF/ICSI procedures in
the DOR cohort.

We selected clinical pregnancy rather than live birth as the
endpoint outcome for the following reasons: First, the process from
clinical pregnancy to live birth is influenced by many additional
variables, including pregnancy complications, obstetric
complications, fetal development, delivery mode, changes in maternal
physical condition, and environmental factors. Although minimally
associated with ovarian function and IVF/ICSI treatment efficacy in
patients with DOR, these variables significantly affect the final live
birth outcome. Second, clinical pregnancy (defined as the presence
of an intrauterine gestational sac with fetal heartbeat at 28 days post-
transfer) is a relatively stable and standardized evaluation indicator
that can accurately reflect the early response of DOR patients to IVF/
ICSI treatment. In our study, although the live birth rate was 21.4%,
the miscarriage rate of 6.7% and ectopic pregnancy rate of 0.89%
indicate that selecting clinical pregnancy as the primary outcome
measure can better evaluate the early effects of IVF/ICSI treatment
while avoiding interference from other factors in later stages, thus
providing more targeted decision-making references for clinicians.

Studies have demonstrated that patients with a greater number of
retrieved oocytes exhibit a higher cumulative pregnancy rate than
those with fewer retrieved oocytes (20). Further studies have identified
a significant correlation between the number of large follicles
(diameter >17 mm), the number of retrieved oocytes, the number of
high-quality embryos, and the clinical pregnancy rate (21).
Consequently, assessing the ovarian response to stimulation in
patients with DOR is crucial for predicting pregnancy outcomes of
IVF/ICSI procedures. Common indicators used to assess ovarian
responsiveness include AFC, AMH, and bESH (22). AFC reflects the
reserve of antral follicles in the ovaries; however, its accuracy is
influenced by the skill of the operator and the menstrual cycle phase.
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The bESH level is associated with the total amount of exogenous Gn
administered, and a bFSH level >10 IU/L indicates poor ovarian
response, although its predictive value is limited owing to variability
(2, 23). AMH appears to reflect only the functional ovarian reserve,
that is, the number of oocytes that could potentially mature in a given
menstrual cycle, and does not directly indicate the size of the
primordial follicle pool or the reproductive potential of the oocytes
(24). Although AMH positively correlates with the number of
embryos retrieved, it does not predict the clinical pregnancy rate in
IVE/ICSI procedures (25). Furthermore, AMH levels can also
be affected by factors such as BMI, ethnicity, smoking, environmental
influences, diseases, and medications (26, 27).

This study selected the OSI as a predictive factor for pregnancy
outcomes because of the potential confounding influences of various
external factors and the inherent limitations of conventional markers.
Prospective studies have shown that OSI has a strong negative
correlation with AMH, and it may serve as an alternative predictor
for ovarian response to exogenous Gn. Furthermore, the correlation
between OSI and the number of oocytes retrieved was more
pronounced than that between factors such as age, AFC, AMH, Gn
dosage, and duration of ovarian hyperstimulation (28). Research has
demonstrated that OSI more accurately predicts pregnancy outcomes
than bFSH and AMH, particularly in patients with infertility aged
>39 years, where OSI emerges as the optimal indicator for predicting
cumulative pregnancy rates following IVF/ICSI treatments (29). In
patients with DOR, OSI can predict embryo quality, clinical
pregnancy rates, and live birth rates independent of AMH and bFSH
levels (17). Consistent with previous studies, the results of the ROC
curve analysis in our study suggested a relationship between OSI and
clinical pregnancy outcomes in patients with DOR undergoing IVF/
ICSI. In the univariate regression analysis, OSI variables—categorized
using thresholds (1.135) derived from ROC curve analysis—revealed
a significant difference in pregnancy outcomes between the high and
low OSI groups (p < 0.001), indicating that OSI has a predictive value
for pregnancy outcomes in the DOR population. Based on these
results, the high OSI group exhibited a higher clinical pregnancy rate
than the low OSI group. According to the OSI formula, a higher OSI
indicates a lower total amount of Gn used and a higher number of
oocytes retrieved, suggesting better ovarian responsiveness. This

frontiersin.org


https://doi.org/10.3389/fmed.2025.1618552
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liu et al.

10.3389/fmed.2025.1618552

0 10 20 30

40 50 60 70 80 90 100

FIGURE 3

GnRH-A, gonadotropin-releasing hormone antagonist.

Points L
43~44 years 38~40 years <35 years
Age T . T . T d
> 45 years 41~42 years 35~37 years
GnRH-a
COH protocol
GnRH-A
>1.135

OSI " !

<1.135
Total Points " T T r T ; T T T )

0 20 40 60 80 100 120 140 160 180
Clinical pregnancy " T T T T T 1
possibility 0.1 02 03 04 05 06 07

Nomograph plot based on the prediction model the value of each predictor was scored on a different point scale, after which the scores for each
variable were added together. That sum is located on the total points axis, which corresponds to the clinical pregnancy possibility. For age categories,
>45 years = 0, 43-44 years = 15, 41-42 years = 45, 38—-40 years = 55, 35—-37 years = 92.5, <35 years = 100. For COH protocol, GhRH-a protocol = 30,
GnRH-A protocol = 0. For OSI, >1.135 = 35, <1.135 = 0. COH, controlled ovarian hyperstimulation; GnRH-a, gonadotropin-releasing hormone agonist;

A
1.0
0.8+
£ 0.6
B
0.4+
AUC.: 0.744
0.2
0.0
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity
FIGURE 4
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implies that within the DOR population, patients with better ovarian
responsiveness are more likely to achieve clinical pregnancy than
those without, which is consistent with other studies. It should
be noted that because the OSI is derived from data on the number of
oocytes retrieved and the total Gn dosage used in previous ART
cycles, it cannot be applied to patients who have not yet undergone
treatment. However, patients with DOR usually require multiple
oocyte-retrieval cycles to achieve pregnancy. In cases where patients
encounter limited oocyte numbers or fail IVF/ICSI, counselling
about their reproductive potential and future treatment options is
crucial. OSI represents the exogenous ovarian stimulation required
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for a specific patient to maximize oocyte yield and provides a precise
and accurate measure. It incorporates not only the patient’s intrinsic
characteristics but also their response to the COH protocol. This
surpasses other ovarian responsiveness indicators, such as AFC,
AMH, and bFSH, which merely qualitatively assess ovarian reserve
function. Therefore, OSI holds the potential for predicting pregnancy
outcomes, which facilitates better decision-making in subsequent
IVF/ICSI cycles for patients with DOR. Notably, the interpretation of
OSI should consider individual patient characteristics and clinic-
specific protocols, as gonadotropin dosing strategies may vary
between centers.
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This study incorporates multiple variables into the analysis to
construct a more comprehensive predictive model. Although multiple
factors, including BM], infertility type, and baseline hormone levels,
may affect pregnancy outcomes, we carefully considered potential
confounding factors through systematic variable selection. A rigorous
three-step variable selection process was employed to develop a
parsimonious and clinically meaningful prediction model. Initial
univariate analysis with p < 0.1 identified 13 potential predictors,
including OSI, age, infertility type, BMI, AMH, COH protocol,
number of oocytes, number of MII oocytes, fertilization protocol,
number of 2PN, endometrial thickness, embryo grade, and number
of embryos. Subsequently, LASSO regression analyses helped address
potential multicollinearity among these interrelated variables and
selected seven key predictors: OSI, age, COH protocol, infertility type,
fertilization protocol, number of oocytes, and number of embryos.
The final multivariate model retained only three independent
predictors with p <0.05: OSI, age, and COH protocol. Several
variables were excluded from the final model due to high correlation
with included predictors or mediated effects through other variables
in the model. The three final predictors represent distinct aspects: age
reflects quantitative and qualitative ovarian reserve, OSI captures
dynamic ovarian response, and COH protocol represents treatment
strategy effects. Clinical studies indicate that younger patients with
DOR do not experience a decline in fertility during IVF/ICSI
treatments but have a reduced number of oocytes retrieved (30, 31).
Another study shows that although younger patients with DOR have
higher rates of mature oocytes, normal fertilization, high-quality
embryos, and clinical pregnancy than older patients with DOR, their
outcomes are still inferior to those of younger women with normal
ovarian reserve (32). For older patients with DOR, age-related decline
in the quantity and quality of oocytes significantly impacts the adverse
outcomes of IVF/ICSI (33). Studies have demonstrated that younger
patients with DOR using the GnRH-a long protocol have lower cycle
cancellation rates and higher implantation and live birth rates than
those using the GnRH-A protocols (34). However, for older patients,
the differences in pregnancy outcomes between these protocols are
minimal. Although the long protocol provides advantages in terms of
pregnancy rates, it may also lead to excessive pituitary suppression and
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an increased risk of adverse reactions (35). The results of these studies
support our findings.

The nomogram demonstrates the relative contribution and
clinical significance of each of the following predictors. (a) Age shows
the strongest weight in the model, with points ranging from 0 to 100.
This reflects the biological impact of aging on oocyte quantity and
quality in patients with DOR. Specifically, patients aged <35 years
receive the highest points (100), indicating optimal pregnancy
potential. Points decrease progressively with increasing age,
particularly after 38 years. Patients aged >45 years receive 0 points,
reflecting significantly reduced pregnancy chances. This aligns with
previous findings showing that age-related decline in IVF/ICSI
outcomes is more pronounced in patients with DOR than in those
without. (b) OSI contributes moderately (0-35 points): high OSI
(>1.135) receives 35 points, indicating better ovarian responsiveness,
and low OSI (<1.135) receives 0 points. This quantifies the impact of
ovarian response on pregnancy outcomes, with higher OSI reflecting
more efficient stimulation and better oocyte yield per gonadotropin
dose. (¢) COH protocol has the smallest but still significant weight
(0-30 points): GnRH-a protocol receives 30 points, and GnRH-A
protocol receives 0 points. This difference reflects the documented
advantages of GnRH-a protocols in patients with DOR, particularly
in younger age groups. According to the final nomogram, older
patients with DOR with low OSI and those undergoing the GnRH-A
protocols had decreased clinical pregnancy rates. To use this
nomogram in clinical practice, clinicians can calculate points for each
predictor (age, OSI, and COH protocol) and sum up the total points
to determine the corresponding predicted clinical pregnancy
probability. For example, a DOR patient aged 34 years (100 points)
with high OSI < 1.135 (0 points) using GnRH-a protocol (30 points)
would have a total of 130 points, corresponding to approximately
50% probability of clinical pregnancy.

We conducted a model evaluation to further assess the stability
and reliability of the nomogram model. Given the small sample size
and low clinical pregnancy rates in patients with DOR, to minimize
bias, we applied the bootstrap internal validation method to evaluate
the model in the following three dimensions: discrimination,
calibration, and clinical utility. Discrimination was assessed through
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ROC curve analysis, with both the nomogram model and the
internally validated ROC curves achieving an AUC of >0.7, indicating
that the model effectively distinguished between different pregnancy
outcomes. Calibration was evaluated using calibration curves, and
the H-L test revealed no statistical difference between the actual
clinical pregnancy outcomes and those predicted by the nomogram
model. Furthermore, the calibration curves of the nomogram model,
ideal calibration curve, and bias-corrected curve overlapped closely,
demonstrating the accuracy of the predictions of the model. Clinical
utility was assessed using DCA curves, with both the nomogram
model and the post-internal validation DCA curves, showing that
using this model to predict clinical pregnancy may yield more
benefits, particularly when considering threshold probabilities
ranging from 10 to 55% and 8 to 56%. This indicates that the
nomogram model has a wide range of applications.

Although our study shows promising results, it still has some
limitations, including a small sample size, single-center data, and the
absence of external validation. We acknowledge that multicenter
validation would further strengthen the generalizability of the model.
Currently, we are establishing collaborations with other reproductive
centers to validate our nomogram in different populations. Future
studies should focus on multi-center validation across different
geographic regions, validation in diverse ethnic populations,
prospective validation to confirm the predictive accuracy of the
model, and assessment of the performance of the model in different
clinical settings.

Another limitation is that we chose clinical pregnancy rather
than live birth as the endpoint. Although clinical pregnancy can
better reflect the early response to IVF/ICSI treatment while avoiding
interference from later factors, it may not fully represent the ultimate
reproductive outcome that patients desire the most. The progression
from clinical pregnancy to live birth involves multiple additional
variables that could affect the final outcome. Future studies may
benefit from incorporating both clinical pregnancy and live birth
outcomes to provide more comprehensive prognostic information.

In conclusion, a user-friendly and effective nomogram was
developed in this study to predict the clinical pregnancy outcomes
during IVF/ICSI procedures in patients with DOR. This nomogram
serves as a valuable tool for the personalized prediction and
improvement of pregnancy outcomes in patients with DOR.
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Glossary

AMH - Anti-Miillerian hormone

AFC - Antral follicle count

AUC - Area under the ROC curve

ART - Assisted reproductive technologies
bFSH - Baseline follicle-stimulating hormone
BMI - Body mass index

CI - Confidence interval

COH - Controlled ovarian hyperstimulation
DCA - Decision curve analysis

DOR - Diminished ovarian reserve
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Gn - Gonadotropin

GnRH-a - Gonadotropin-releasing hormone agonist

GnRH-A - Gonadotropin-releasing hormone antagonist

H-L - Hosmer-Lemeshow

HCG - Human Chorionic Gonadotropin

IVF/ICSI - In vitro fertilization/intracytoplasmic sperm injection
LASSO - Least absolute shrinkage and selection operator

LH - Luteinizing hormone

MII - Metaphase II

OSI - Ovarian sensitivity index

ROC - Receiver operating characteristic
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