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To explore the risk factors of moderate to severe ovarian hyperstimulation syndrome (Ovarian
hyperstimulation syndrome, OHSS) in patients using the early-follicular phase long-acting
gonadotropin-releasing hormone agonist long protocol (EFLL) group in fresh cycles, and to establish
a nomogram model to predict the risk of moderate to severe OHSS. We retrospectively analyzed
clinical data from 4,204 patients who receiving in vitro fertilization/intracytoplasmic sperm injection
and embryo transfer (IVF/ICSI-ET) at the Reproductive Medicine Department of the Second Affiliated
Hospital of Zhengzhou University from January 2015 to August 2024. A total of 4204 cases using
EFLL protocol were included. The clinical cases were randomly divided into a modeling group (2,942
cases) and a verification group (1,262 cases) at a ratio of 7:3. Logistic regression analysis was used to
identify the independent risk factors associated with the occurrence of moderate to severe OHSS in
fresh cycles, Based on the selected independent risk factors and correlated regression coefficients,
we established a nomogram model to predict the probability of moderate to severe OHSS in this
patients, and the predictive accuracy of the model was measured using the area under the receiver
operating characteristic (ROC) curve, calibration curve, and decision curve analysis. Univariate and
multivariate logistic regression analyses showed that Antal follicle count (AFC) (OR, 1.04; 95%Cl,
1.02-1.07; P=0.002), estrogen levels on the day of hCG injection (OR, 1.01; 95%Cl, 1.01-1.01; P<0.01),
progesterone levels on the day of hCG injection (OR, 1.18; 95%Cl, 1.04-1.34; P=0.011),, whether
the patient had a hypothyroidism (OR, 3.62; 95%Cl, 2.10-6.23; P <0.001), and infertility type (OR,
0.59; 95%Cl, 0.35-0.99; P=0.048) are the independent risk factors for the occurrence of moderate

to severe OHSS in fresh cycles. The ROC curve (AUC) being 0.83 (95% Cl: 0.78-0.88) for the modeling
group and 0.84 (95% Cl: 0.78-0.90) for the validation group. The calibration curve and decision curve
demonstrated good consistency between the predicted rates of moderate to severe OHSS and the
actual incidence. AFC, estrogen levels on the day of hCG injection, progesterone levels on the day of
hCG injection, whether the patient had a hypothyroidism, and infertility type are the independent risk
factors for moderate to moderate to severe OHSS in fresh cycles. The established nomogram model
has proven to be a novel tool that can intuitively predict the incidence of moderate to severe OHSS
in the patients that receiving EFLL protocol in fresh cycles, and this nomogram model developed in
this study showed better net benefit, have a good clinical applicability for decision-making and could
help the clinician to set up a better clinical management strategies for conducting a precise personal
therapy.

Keywords Moderate to severe ovarian hyperstimulation syndrome, Fresh cycles, Early-follicular phase long-
acting gonadotropin-releasing hormone agonist long protocol, Predictive model

With the development of society and the increasing number of infertility couples, the demand for assisted
reproductive technologies is also growing. Currently, more than 1 million ART cycles are performed in China
every year!. The complications that happen during controlled ovarian hyperstimulation (COH) have begun to
attract people’s attention gradually, among which Ovarian Hyperstimulation Syndrome (OHSS) is an entirely
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iatrogenic complication?. It is primarily characterized by ovarian enlargement, abdominal discomfort, ascites,
hemoconcentration, and hypercoagulability, and in severe cases, it can lead to electrolyte disorders, liver
and kidney failure, and thrombosis. It can even be life-threatening®. OHSS is commonly classified into mild,
moderate, and severe based on clinical symptoms. Mild OHSS is generally recommended to be treated on an
outpatient basis, but moderate to severe cases may lead to shock or even death, often requiring hospitalization-3.
Despite the incidence of moderate to severe OHSS gradually decreasing because of the advancements in medical
technology, a retrospective study in 2017 focused on hospitalized patients in China indicated that the incidence
of moderate to severe OHSS is approximately 1.14%, and aroused concern about moderate to severe OHSS
based on the given number of undergoing ART cycles annually in China. As there are no effective techniques or
methods to prevent the occurrence of moderate to severe OHSS during ovulation induction currently, and the
prevention of moderate to severe OHSS is a multi-stage process and the first is to recognize the high-risk factors
in advance before initiating controlled ovarian stimulation (COS)*.

The EFLL protocol is a widely adopted ovulation induction strategy in clinical practice. Studies have shown
that compared to short-acting long protocols and agonist protocols, although there is no significant difference
in cumulative pregnancy rates, the EFLL protocol has a higher success rate in fresh cycle transfers, this study
indicated that the EFLL protocol has advantages in fresh embryo transfers'!. However, to prevent the occurrence
of moderate to severe OHSS, a strategy of freezing all embryos is commonly used in clinical practice”®!%, which
diminishes the apparent advantages of the EFLL protocol. Therefore, this study aims to analyze the influencing
factors related to the occurrence of moderate to severe OHSS of fresh cycle in patients undergoing the EFLL
protocol, to construct a binary logistic regression model to predict the risks of moderate to severe OHSS, and to
visualize the results through nomograms, allowing clinicians to assess the risk of moderate to severe OHSS in
patients receiving treatment with the EFLL protocol during the early follicular phase, and enhancing the safety
of assisted reproductive therapies and providing a basis for individualized treatment for patients.

Materials and methods

4,204 patients received IVF/ICSI treatment at the Reproductive Medicine Department of the Second Affiliated
Hospital of Zhengzhou University from January 2015 to August 2024. The EFLL protocol was used to stimulate
follicles in these patients. The study was retrospective, these cases were randomly divided into a modeling group
(2,942 cases) and a verification group (1,262 cases) at a ratio of 7:3, and the clinical data, such as treatment
processes, laboratory data, and pregnancy outcomes of patients was collected and analyzed. All patients signed
informed consent before receiving the assisted reproduction treatment. This study complies with the basic
principles of the Declaration of Helsinki and has been approved by the Ethics Committee of the Second Affiliated
Hospital of Zhengzhou University (KY2024218).

The inclusion criteria were the patients receiving assisted reproductive treatment and received oocyte retrieval
with the EFLL protocol in the fresh cycle. Patients with the following exclusion criteria were included IVF/ICSI
contraindications, uterine malformations, chromosomal abnormalities, rheumatic immune system diseases,
untreated endometrial lesions, drug allergies, severe mental system diseases, pituitary tumors, congenital
diseases, abnormalities of blood glucose, blood pressure, prolactin, and so on.

According to the guidelines established by the American National Medical Association in 20241, excluding
other causes of abdominal pain and fever, the diagnosis is primarily based on clinical standards. The severity
is classified as ® Mild: abdominal distension, discomfort, diarrhea, mild nausea and vomiting, mild dyspnea,
ovarian enlargement, and no significant changes in laboratory indicators; @ Moderate: mild clinical features
with ultrasound confirming the presence of ascites; @ Severe: mild and moderate features, clinical evidence
of ascites, pleural effusion, severe dyspnea, oliguria, anuria, refractory ascites, vomiting, etc., along with
laboratory characteristics: severe hemoconcentration (HCT > 0.55), WBC > 25*10°/ml, creatinine clearance rate
(CrCl) <50 ml/min or creatinine (Cr)>141.4 umol/L, Na* < 135 mmol/L or K* > 5 mmol/L, elevated liver
enzymes. @ Extremely Severe: Severe symptoms accompanied by hypotension/central venous pressure, rapid
weight gain (>1 kg in 24 h), syncope, severe abdominal pain, venous thrombosis, anuria/acute renal failure,
arrhythmias/thromboembolism/pericardial effusion, massive pleural effusion, arterial thrombosis, acute
respiratory distress syndrome, sepsis, with further elevated laboratory indicators.

On the 2nd-3rd days of menstruation, patients are given a subcutaneous injection of Long-acting GnRH-a
(Bayi, Shanghai Li zhu) at 3.75 mg for downregulation. Twenty-eight days later, the COH was initiated when
downregulation standards were met (B ultrasound shows no functional cysts in both ovaries, antral follicle
diameter <5 mm, serum estradiol <40 ng/L, serum luteinizing hormone (LH) <5 IU/L, serum follicle-stimulating
hormone (FSH) <5 IU/L), gonadotropin (Gn) (Gonal-E Merck Switzerland or Puregon, MSD Netherlands) is
administered at 75-225 IU/d based on the individual patients condition, such as patient age, anti-Mullerian
hormone level, antral follicle count, body mass index, monitoring follicular development and adjusting Gn
dosage according to hormone levels. When at least 3 follicles reach a diameter of =18 mm, human chorionic
gonadotropin (Ovidrel, Merck Switzerland) at 250 ug was used to trigger injection, 36 h later, oocytes were
collected under vaginal ultrasound guidance.

The female partner undergoes oocyte retrieval while the male partner provides sperm, which is then
optimized. Based on sperm quality and previous assisted reproduction outcomes, the IVF or ICSI fertilization
method for patients, and fertilized oocytes with two visible pronuclei (2PN) are selected for further culture.
On day 3 post-retrieval, embryos are scored according to the Peter scoring system. In our center, embryos
derived from 2PN with 7 to 12 blastomeres and less than 20% fragmentation, with good cell morphology and
homogeneity, are rated as high-quality embryos. On days 5-6 post-retrieval, according to the Gardner scoring
standard, blastocysts at stage 3 or above with inner cell mass and trophectoderm free of grade C are rated as
high-quality blastocysts. On the day of transfer, basic endocrine and ultrasound examinations are conducted.
If there are no contraindications for transfer (e.g. low-quality embryo grade, unsuitable endometrial conditions
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for transfer, elevated hormone levels, mild OHSS that the patient cannot tolerate, moderate to severe OHSS,
infection after oocyte retrieval, bleeding, or other untreated complications unsuitable for transfer), fresh cycle
transfer will be performed, followed by luteal support. Blood serum hCG is measured 12-14 days later; if
negative, luteal support is stopped; if positive, luteal support continues. A transvaginal ultrasound is performed
30 days after transfer; detection of a gestational sac indicates clinical pregnancy and luteal support is continued
until 12 weeks.

Randomly divided the samples into modeling group and validation group at a ratio of 7:3. Based on the
occurrence of moderate to severe OHSS, classified into moderate to severe OHSS group and non-OHSS
group. Normally distributed quantitative data were described as mean + standard deviation (Mean +SD). After
conducting the Kolmogorov-Smirnov test for normality, non-normally distributed quantitative data were
expressed as median (25th percentile, 75th percentile) [M (Q1, Q3)]; categorical variables were represented as
percentages (%). Differences in baseline information and clinical characteristics between the two groups were
compared using the Mann-Whitney U test and ) test. Logistic regression was used for variable selection, and
the effect of factors on outcomes was evaluated by odds ratio (OR) and 95% confidence interval (CI). Factors
with P<0.05 were included in the multivariate analysis, and a nomogram constructed a predictive model. The
model’s predictive ability was assessed using the area under the receiver operating characteristic curve (AUC),
calibration curves were used to evaluate the calibration of the model, and decision curves assessed the clinical
applicability of the model. All analyses were performed using Empower Stats 4.0 based on R language, with
P<0.05 considered statistically significant.

Results

A total of 4204 cycles were included. Using random sampling, patients were divided into the modeling group
(2942 cases) and the validation group (1262 cases) in a 7:3 ratio. After comparing the two groups various
indicators such as age, body mass index (BMI), AFC, anti-Miillerian hormone (AMH), baseline estradiol levels,
baseline follicle-stimulating hormone (FSH) levels, baseline luteinizing hormone (LH) levels, progesterone
(P) levels, estradiol (E,) levels on the day of hCG injection, follicle-stimulating hormone levels on the day of
hCG injection, luteinizing hormone levels on the day of hCG injection, progesterone levels on the day of hCG
injection, endometrial thickness on the day of hCG injection, number of oocytes retrieved, whether the patient
had hypothyroidism (HP), assisted reproductive techniques used, whether the patient had polycystic ovary
syndrome (PCOS), GnRH agonist starting dose, GnRH agonist usage days, and total GnRH agonist dosage,
the results showed there were no statistically significant differences in general data between the two groups
(P>0.05). Among them, 117 patients experienced moderate to severe OHSS, with 87 cases occurring in the
modeling group and 33 cases in the validation group, of which 69 underwent fresh embryo transfer and 64
achieved clinical pregnancy. The results of the comparison of the baseline clinical and laboratory data are listed
in Tables 1 and 2.

Based on the clinical characteristics and laboratory analysis, 117 patients were classified into the moderate
to moderate to severe OHSS group, and 3,365 patients were in the non-OHSS group. The results indicated that
female age, male age, AFC, AMH, FSH, LH, E, on the day of hCG injection, P on the day of hCG injection,
total Gn usage, whether the patient had HP, whether the patient had PCOS, and infertility type were statistically
different between the two groups (P <0.05; Table 3).

Multiple univariate logistic regression analysis demonstrated that AFC (OR, 1.04; 95%CI, 1.02-1.07;
P=0.002), estrogen levels on the day of hCG injection (OR, 1.01; 95%CI, 1.01-1.01; P<0.01), progesterone levels
on the day of hCG injection (OR, 1.18; 95%ClI, 1.04-1.34; P=0.011), whether the patient had a hypothyroidism
(OR, 3.62; 95%CI, 2.10-6.23; P<0.001), and infertility type (OR, 0.59; 95%CI, 0.35-0.99; P=0.048) were
independent risk factors affecting moderate to severe OHSS in patients who receiving EFLL protocol in fresh
cycles (P <0.05; Table 4).

Based on the univariate and multivariate logistic regression analyses we have shown above, a nomogram
model was presented (Fig. 1). The model was validated using data from the validation group, and the
discriminative ability and calibration of the nomogram predictive model were evaluated using the receiver
operating characteristic (ROC) curve, calibration curves, and decision curves. The results showed that the area
under the ROC curve (AUC) for the modeling group and validation group were 0.83 (95% CI: 0.78-0.88) and
0.84 (95% CI: 0.78-0.90) (Fig. 2). Respectively, indicating that the prediction model has good conformity, and
in calibration curves and decision curves (Fig. 3), we can see the standard curve and the calibration prediction
curve fit well, indicating that this nomogram model predicts the incidence of moderate to severe OHSS in fresh
cycles with good consistency with the actual incidence.

Discussion

Ovarian stimulation is a crucial component of assisted reproductive technology, with clinicians using various
medications to stimulate the development of multiple follicles within a single cycle!?thereby obtaining more
oocytes to achieve a maximal live birth rate in fresh treatment'?. While a certain degree of ovarian stimulation is
beneficial for patients, excessive stimulation often leads to the occurrence of ovarian hyperstimulation syndrome
(OHSS)!*1'>. 1t is currently believed that OHSS is caused by the action of hCG on the ovaries, leading to the
production of inflammatory mediators such as vascular endothelial growth factor, which acts on the ovarian
vascular endothelial cells, promoting endothelial cell proliferation and microvascular proliferation, resulting
in increased ovarian volume. Additionally, various inflammatory mediators increase vascular permeability,
causing plasma to migrate from the vasculature to the third space, leading to symptoms such as pleural effusion,
ascites, pericardial effusion, acute respiratory distress syndrome, reduced blood volume, and instability in
hemodynamics, which can result in electrolyte disturbances, oliguria, hypotension, hypercoagulability, venous
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Variables

Modeling group (n=1262)

Validation group (n=2942)

Statistic

P

Maternal age, year

31.00 (28.00, 35.00)

31.00 (28.00, 35.00)

Z=-0.61{0.539

Paternal age, year

32.00 (29.00,36.00)

32.00 (29.00,36.00)

Z=-0.30 | 0.761

Body mass index, kg/m?

23.40 (21.30, 26.20)

23.40 (21.00, 26.00)

Z=-1.05|0.294

Antral follicle count

22.00 (15.00, 29.00)

22.00 (15.00, 28.00)

Z=-0.69 | 0.488

AMH, pmol/L

3.72 (2.30, 5.98)

3.71(2.29, 6.07)

Z=-0.30 | 0.766

Basal E2, ng/L

40.00 (28.00, 60.00)

40.00 (27.65, 61.00)

Z=-0.09 | 0.927

Basal FSH, IU/L

6.56 (5.28,7.95)

6.51 (5.22,7.96)

Z=-049 |0.621

Basal LH, IU/L

4.18 (2.71, 6.28)

Z=-0.01 1099

Basal P, ng/L

0.56 (0.33, 0.88)

0.57 (0.34, 0.88)

Z=-1.04 | 0.301

Duration of infertility, year

3.00 (2.00, 5.00)

3.00 (2.00, 5.38)

Z=-145|0.147

LH on the day of hCG injection, IU/L

0.92 (0.61, 1.38)

0.93 (0.61, 1.41)

Z=-0.81 10419

E2 on the day of hCG injection, ng/L

2825.00 (1567.00, 4574.00)

2861.00 (1646.00, 4512.00)

Z=-047 | 0.638

P on the day of hCG injection, ng/L

0.90 (0.56, 1.31)

(
(
(
(
(
(
4.18 (2.77,6.21)
(
(
(
(
(

0.90 (0.58, 1.30)

Z=-047 | 0.637

Endometrial thickness on the day
of hCG injection, mm

11.40 (10.00, 13.00)

11.00 (9.80, 13.00)

Z=-1.300.193

Total number of fertilization

10.50 (7.00, 16.00)

11.00 (6.00, 16.00)

Z=-028 |0.776

Total number of 2PN cleavage

8.00 (5.00, 13.00)

8.00 (5.00, 13.00)

Z=-0.14 | 0.891

Total number of high-quality embryo

4.00 (2.00, 8.00)

4.00 (2.00, 8.00)

Z=-1.1510.252

Total number of available embryo

4.00 (2.00, 6.00)

4.00 (3.00, 7.00)

Z=-0.81 10418

Total Gn dosage, IU/L

2625.00 (2125.00, 3300.00)

2625.00 (2100.00, 3300.00)

Z=-042 |0.674

Days of stimulation, day

11.00 (10.00, 13.00)

11.00 (10.00, 13.00)

Z=-0.16 | 0.87

Starting dosage of Gn, IU/L

225.00 (200.00, 225.00)

225.00 (200.00, 225.00)

Z=-0.98 |0.328

Z=-0.10 | 0.918
¥=153 |0.216

(
(
(
(
(
(
(
(

No. of oocytes retrieved 14.00 (9.00, 20.00) 14.00 (9.00, 20.00)

Hypothyroidism, %

NO 90.17 (1138/1261) 88.89 (2615/2942)

YES 9.83 (123/1261) 11.11 (327/2942)

PCOS, % x*=0.27 |0.603
NO 83.52 (1053/1261) 84.16 (2476/2942)

YES 16.48 (208/1261) 15.84 (466/2942)

Type of infertility, % =002 |0.895

Primary infertility 41.52 (524/1261) 41.74 (1228/2942)

Secondary infertility 58.48 (737/1261) 58.26 (1714/2942)

Methods of ART, % =028 |0.59
ICSI 28.10 (354/1260) 28.90 (850/2941)

IVF 71.90 (906/1260) 71.10 (2091/2941)

Table 1. Baseline characteristics of patients in the modeling and validation groups.

thrombosis, as well as gastrointestinal symptoms like nausea, abdominal pain, and bloating2’4’5. Research has
demonstrated that certain medications can reduce the incidence and alleviate the symptoms of moderate to
severe OHSS, such as calcium agents, metformin, aspirin, and letrozole; however, the efficacy of these methods
is limited”1°.

The primary goal of the assisted reproduction technique is to provide an individualized treatment plan for
every patient to maximize the chances of a live birth rate within a single cycle while minimizing iatrogenic
risks and reducing cancellation rates'®. OHSS is a complication that is entirely induced by medical intervention,
and early identification of high-risk patients with OHSS is crucial for preventing it, as clinicians can reduce
the incidence of OHSS by adopting appropriate ovarian stimulation protocols and implementing preventive
measures in advance®. Further studies have demonstrated that some risk factors were correlated with OHSS,
such as age, history of previous OHSS, presence of polycystic ovary syndrome, and estradiol levels on the day
of hCG injection'’~'°. However, there is limited research on estimating the incidence of moderate to severe
OHSS in assisted reproductive patients through the development of predictive models. Our data indicate that
for moderate to severe OHSS, AFC, E, levels on the day of HCG, P levels on the day of HCG, whether the patient
had HP and infertility type are risk factors influencing the occurrence of moderate to severe OHSS in fresh
cycles.

AFC refers to the number of antral follicles in the ovaries, which can be measured during the menstrual
period through transvaginal ultrasound®. AMH is produced by granulosa cells, antral follicles, and pre-antral
follicles, and its primary physiological role is to inhibit the early stages of follicle development?!. AMH is secreted
into the bloodstream by the ovaries. Serum AMH levels essentially reflect the number of follicles in the follicle
pool and are widely used in clinical practice because they are easy to measure??. AFC is closely related to serum
AMH levels?. Compared to other known ovarian response biomarkers (such as Inhibin B, FSH, HCG, and
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Variables Modeling group (n=1262) | Validation group (n=2942) | Statistic | P
Biochemical pregnancy rate, % x> =0.03 | 0.867
NO 36.01 (341/947) 35.70 (805/2255)

YES 63.99 (606/947) 64.30 (1450/2255)

Clinical pregnancy rate, % X>=0.00 | 0.987
NO 39.81 (377/947) 39.78 (897/2255)

YES 60.19 (570/947) 60.22 (1358/2255)

Intrauterine pregnancy rate, % X2 =100 |0.317
Ectopic pregnancy 1.75 (10/570) 1.18 (16/2942)

Intrauterine pregnancy 98.25 (560/570) 98.82 (1342/1358)

Live birth rate, % X2 =024 |0.622
NO 53.75 (509/947) 54.70 (1234/2256)

YES 46.25 (438/947) 45.30 (1022/2256)

Miscarriage rate, % X =131 0252
NO 12.81 (73/570) 14.80 (201/1358)

YES 87.19 (497/570) 85.20 (1157/1358)

Type of delivery, % x2=0.83 | 0.362
Premature birth 22.15(97/438) 20.04 (205/1023)

Full-term delivery 77.85 (341/438) 79.96 (818/1023)

Mode of delivery, % X2 =041 | 0.522
Natural childbirth 22.46 (102/439) 21.94 (224/1021)

Cesarean 76.54 (336/439) 78.06 (797/1021)

Table 2. Clinical outcomes of patients in the modeling and validation groups.

estradiol) ART, AFC, and AMH are acknowledged for their superior sensitivity in predicting ovarian response.
They are the most sensitive biomarkers of ovarian reserve and often be considered interchangeable'®. Studies
have shown that an AFC value above 16 predicts ovarian hyper-responsiveness with a sensitivity of 89% and
specificity of 92%?*. The critical value of AMH for predicting OHSS is 3.36 ng/mL, with a sensitivity of 90.5%
and specificity of 81.3%2. Customizing ovulation induction protocols based on AMH levels of patients can
reduce cycle cancellation rates (2.3 vs. 6.9%, P<0.05) compared to standard ovulation induction protocols. It
can also decrease clinical costs by 43%325. AMH and AFC levels are associated with OHSS, and ovarian reserve
markers can scientifically estimate the pool of follicles that may respond to ovarian stimulation and predict
ovarian reactivity??. As a further study on the application of ovarian reserve markers, classifying patients based
on ovarian response makers and providing personalized treatment can be beneficial before they accept the
assisted reproductive technology treatment**2>.

Polycystic ovary syndrome (PCOS) and age have traditionally been recognized as risk factors for OHSS
in physician’s clinical experience, but it is not precise. Compared to normal women, PCOS patients exhibit
an increased number of developing antral follicles?®, and the AMH levels in PCO women are approximately
75 times higher than those of normal women?’, consequently, AMH levels in PCOS women are found to be
2-3 times higher than in healthy controls?®?°. Therefore, we can observe a strong correlation between high
AMH levels and PCOS patients, but research has demonstrated that high AMH levels are associated with PCO
rather than PCOS, as PCOS encompasses not only the excessive accumulation of antral follicles but also features
hyperandrogenism and decreased insulin sensitivity. Given that AMH serves as a diagnostic marker for PCO
with relatively high specificity and sensitivity (92% and 67%), therefore it has been suggested that AMH could
be incorporated into the diagnosis of PCOS?. However, the reason why clinical doctors used to take PCOS as
a sensitive predictor for OHSS is that PCOS represents high AMH levels®. Similar to the factor of PCOS, age
is also considered an effective predictor of OHSS, although this influence was not reflected in our study. Many
clinicians usually take the patient’s age into consideration when choosing the ovarian stimulation protocol for
patients largely because age is a simple and convenient indicator that reflects AMH levels'®. Serum estradiol
levels are also often regarded as predictive factors for OHSS?!, but estradiol is not an essential element in the
occurrence of OHSS'2. The association between elevated serum estradiol levels and OHSS is considered merely
an indicator of granulosa cell activity. Nevertheless, estradiol remains a good visual indicator for OHSS, as high-
risk OHSS patients frequently exhibit elevated estradiol levels!®.

Hypothyroidism is a common endocrine disorder®. One study identified hypothyroidism as a risk factor for
moderate and severe OHSS in non-PCOS patients*, finding that patients with hypothyroidism have a fivefold
higher probability of developing OHSS during ovulation induction compared to non-hypothyroid patients'”>>.
Some researchers suggest that this may be due to the difficulties in medication usage during ovulation induction,
leading to decreased FT4 levels and increased TSH levels, thereby exacerbating hypothyroidism®. It is known
that TSH, FSH, LH, and HCG share structural similarities, possessing similar alpha subunits and distinct beta
subunits®’. In patients with hypothyroidism, low thyroid levels negatively feedback to the pituitary, resulting
in elevated TSH, FSH, LH, and HCG?. Under normal circumstances, FSH and TSH bind to their respective
receptors, FSH-R and TSH-R, but due to the similarity in results between TSH-R and FSH-R, TSH may mistakenly
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Non-OHSS group Moderate to severe OHSS

Variables (n=4087) group (n=117) Statistic P
Maternal age, year 31.00 (28.00, 35.00) 30.00 (27.00, 32.00) Z=-457 |<0.001
Paternal age, year 32.00 (29.00, 36.00) 30.00 (29.00, 34.00) Z=-322 0.001
Body mass index, kg/m? 23.40 (21.10, 26.10) 22.60 (20.70, 24.80) Z=-257 0.01
Antral follicle count 22.00 (15.00, 28.00) 30.00 (23.00, 40.00) Z=-8.08 |<0.001
AMH, pmol/L 3.65 (2.26,5.81) 8.98 (5.86, 13.27) Z=-1142 | <0.001
Basal E2, ng/L 40.00 (27.60, 60.00) 44.00 (31.50, 72.44) Z=-174 0.082
Basal FSH, TU/L 6.53 (5.26,7.99) 5.83 (4.74,7.07) Z=-363 |<0.001
Basal LH, IU/L 4.14 (2.74, 6.15) 5.56 (3.50, 8.31) Z=-421 |<0.001
Basal P, ng/L 0.57 (0.34, 0.87) 0.61 (0.42, 0.94) Z=-173 0.083
Duration of infertility, year 3.00 (2.00, 5.50) 3.00 (2.00, 5.00) Z=-075 0.453
LH on the day of hCG injection, IU/L 0.93 (0.61, 1.40) 0.89 (0.58, 1.33) Z=-095 0.342
E2 on the day of hCG injection, ng/L | 2788.00 (1600.00, 4407.00) | 5632.00 (4022.00, 7573.00) | Z=—-10.52 | <0.001
P on the day of hCG injection, ng/L 0.89 (0.57, 1.28) 1.27 (0.89, 1.87) Z=-693 |<0.001
Endometrial thickness on the day of | 1) 59 (9,90, 13.00) 1100 (10.00, 12.43) Z=-071 | 0477

injection, mm
Total Gn dosage, IU/L 2625.00 (2175.00, 3300.00) | 2225.00 (1800.00, 2800.00) | Z=-5.26 |<0.001
Days of stimulation, day 11.00 (10.00, 13.00) 11.00 (10.00, 12.00) Z=-150 0.133
Starting dosage of Gn, IU/L 225.00 (200.00, 225.00) 225.00 (200.00, 225.00) Z=-129 0.196
No. of oocytes retrieved 14.00 (9.00, 20.00) 14.00 (10.00, 21.00) Z=-0.47 0.638
Hypothyroidism, % x> =50.47 | <0.001
NO 89.85 (3672/4087) 69.23 (81/117)
YES 10.15 (415/4087) 30.77 (36/117)
PCOS, % x> =29.47 |<0.001
NO 84.49 (3453/4087) 65.81 (77/117)
YES 15.51 (634/4087) 34.19 (40/117)
Type of infertility, % ¥*=12.03 |<0.001
Primary infertility 41.23 (1685/4087) 57.26 (67/117)
Secondary infertility 58.77 (2402/4087) 42.74 (50/117)
Methods of ART, % =183 0.176
ICSI 28.82 (1177/4087) 23.08 (27/117)
IVE 71.18 (2907/4087) 76.92 (90/117)

Table 3. Baseline characteristics of patients with moderate to severe OHSS group and non-OHSS.

bind to FSH-R, leading to the occurrence of OHSS®. Therefore, some studies propose that stabilizing thyroid
function through medication during OHSS can help improve patient symptoms*’. Additionally, reproductive
medicine specialists should work with endocrinologists to identify patients with hypothyroidism early before
ovulation induction begins and improve thyroid function promptly to reduce the risk of OHSS[43].

Ovarian hyperstimulation syndrome (OHSS) is the most common complication in assisted reproductive
technology. Once it occurs, a hierarchical management system should be implemented, and corresponding
symptomatic supportive treatments should be provided according to the severity of the disease. This not only
brings psychological burdens to patients but also causes economic pressure. In the prevention and treatment
strategy of OHSS, prevention is far more important than treatment. In the work of assisted reproductive clinics,
we should identify high-risk groups in advance, evaluate the risk of OHSS occurrence in a phase, and take
effective preventive measures promptly are the key clinical strategies for OHSS management. This study aims
to explore the influencing factors of the incidence of moderate to severe OHSS in the population undergoing
follicular-phase long-acting long-protocol ovulation induction. Constructing a nomogram model and
visualizing, it provides a reference for clinicians to predict the incidence of moderate to severe OHSS in advance
when implementing the early follicular-phase long-acting long-protocol ovulation induction for patients. This
helps to reduce the incidence of OHSS during assisted reproduction and alleviates the physical burden, economic
pressure, and psychological stress that patients may bear during assisted reproductive technology. However, this
study has certain limitations. Firstly, it is a single-center retrospective study, which cannot completely eliminate
differences in patients’ baseline data. Secondly, the sample size is limited, and the conclusions drawn require
validation through large-scale multicenter studies. Finally, they are nearly 50% of patients who underwent
fresh cycle transfers developed moderate to severe OHSS in our center, which means that half of the patients
experienced moderate to severe OHSS due to the impact of pregnancy because the data of this group has also
been included in the statistics, So we cannot exclude the influence of pregnancy on the occurrence of moderate
to severe OHSS in this study. However, in our clinical practice, we have established strict operating guidelines
and tried to avoid fresh cycle transfers for patients with mild OHSS, besides, we cannot predict which kind of
patients will develop moderate to severe OHSS after pregnancy. So it was hard to exclude this portion of data
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Univariate logistic regression analysis

Multivariate logistic regression analysis

Variables B SE |Z/x* |P OR (95%CI) B SE [Z/x* |P OR (95%CI)
Maternal age —-0.09 [0.02 | -3.53 | <0.001 |0.92(0.87-0.96) | —0.02 | 0.04 | —0.49 | 0.621 0.98 (0.90-1.07)
Paternal age —0.06 |0.02 | —2.62 | 0.009 0.94 (0.90-0.98) |0.03 0.04 | 0.78 0.433 1.03 (0.96-1.11)
Body mass index —-0.05 [ 0.03 | -1.58 | 0.113 0.95 (0.89-1.01)

Antral follicle count 0.07 0.01 | 7.77 <0.001 | 1.07 (1.05-1.09) | 0.04 0.01 |3.17 0.002 1.04 (1.02-1.07)
AMH 0 0 0.78 0.436 1.00 (1.00-1.00)

Basal E2 0 0 -0.57 | 0.571 1.00 (1.00-1.00)

Basal FSH -0.1 [0.05|-2.05|0.041 0.90 (0.82-0.99) | —0.03 | 0.06 | —0.52 | 0.6 0.97 (0.86-1.09)
Basal LH 0.03 0.01 | 2.43 0.015 1.03 (1.01-1.05) | 0.01 0.02 | 0.28 0.781 1.01 (0.97-1.05)
Basal P -0.06 | 0.08 | —0.77 | 0.439 0.94 (0.81-1.10)

Duration of infertility —0.06 | 0.04 | —1.44 | 0.149 0.94 (0.86-1.02)

LH on the day of hCG injection -0.04 | 0.11 | -0.36 | 0.721 | 0.96 (0.78-1.19)

E2 on the day of hCG injection 0.01 0 9.61 <0.001 | 1.01 (1.01-1.01) | 0.01 0 6.28 <0.001 | 1.01 (1.01-1.01)
P on the day of hCG injection 0.22 0.1 |226 0.024 1.25(1.03-1.51) | 0.17 0.07 | 2.55 0.011 1.18 (1.04-1.34)
E;‘Sg’gi:;;‘ié};ﬁk“e“ ontheday | 461005 | - 141 [0159 | 0.94 (0.86-1.03)

Total Gn dosage -0.01 |0 —3.28 | 0.001 0.99 (0.99-0.99) |0 0 -1.43 | 0.152 1.00 (1.00-1.00)
Days of stimulation -0.09 | 0.05 | - 1.72 | 0.085 0.92 (0.83-1.01)

Starting dosage of Gn 0 0 -125 (021 1.00 (0.99-1.00)

No. of oocytes retrieved 0.01 0.01 | 0.84 0.401 1.01 (0.99-1.03)

Hypothyroidism

NO 1.00 (Reference) 1.00 (Reference)
YES 1.29 0.25 | 5.12 <0.001 | 3.62(2.21-5.92) | 1.29 0.28 | 4.64 <0.001 | 3.62(2.10-6.23)
PCOS

NO 1.00 (Reference) 1.00 (Reference)
YES 1.03 0.24 | 4.27 <0.001 | 2.81(1.75-4.52) | 0.3 0.3 0.98 0.326 1.35 (0.74-2.43)
Type of infertility

Primary infertility 1.00 (Reference) 1.00 (Reference)
Secondary infertility —0.65 | 0.23 | —2.85 | 0.004 0.52 (0.33-0.82) | -0.52 | 0.27 | —1.97 | 0.048 0.59 (0.35-0.99)
Methods of ART

ICSI 1.00 (Reference)

IVF 0.35 0.27 | 1.27 0.202 1.41 (0.83-2.40)

Table 4. The univariate and multivariate analysis related to moderate to severe OHSS.

from our statistical analysis, and we can only predict the incidence of moderate to severe OHSS based on pre-
pregnancy data. Therefore, our model is constructed based on pre-transfer patient data, which may influence
the outcomes, and further research is needed to clarify this. Looking ahead, it is necessary to integrate the data
of multiple centers to expand the sample size, conduct prospective studies, incorporate more predictive factors,
and consider the impact of OHSS occurrence on the clinical outcomes of patients, so as to further improve the
predictive ability and clinical practicability of the model.

In summary: AFC, E, levels on the day of hCG, P levels on the day of hCG, whether the patient has
hypothyroidism, and the type of infertility are risk factors influencing the occurrence of moderate to severe
OHSS in fresh cycles. The nomogram constructed based on these factors can assist in predicting the incidence
of moderate to severe OHSS in fresh cycles when using the EFLL protocol.
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Fig. 1. The nomogram for predicting moderate to severe OHSS with EFLL protocol in fresh single embryo
transfer cycle. Points indicate the individual scores corresponding to the five risk factors. Hypothyroid patients
(The number 1 represents that the patient has hypothyroidism, The number 0 represents that the patient does
not have hypothyroidism); Infertility type (The number 0 represents that primary infertility, The number 1
represents that secondary infertility); Total Points represents the sum of individual scores for the seven risk
factors; Risk indicates the probability of incidence corresponding to the total score.
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Fig. 2. ROC curve between modeling group and validation group.
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Fig. 3. The calibration curves and decision curves between the modeling group and validation group. Figure
a represents the decision curve of the modeling group; Figure b represents the decision curve of the validation
group. Figure c represents the calibration curve of the modeling group; Figure d represents the calibration
curve of the validation group.
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