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Abstract - This paper selects the clinical data of patients receiving assisted reproductive therapy from 2019 to 2021 in the 

department of Obstetrics and Gynecology of a hospital in Jiaozuo City. We screen 1386 patients eligible for single blastocyst 

transplantation. According to the method of fertilization, patients are divided into natural fertilization group consisting of 1167 

patients and an artificial fertilization group consisting of 219 patients. Based on existing studies, we preliminarily identify 5 

covariables to explain the number of oocytes retrieved. Then the likelihood ratio test is used to screen covariates, and the 

multinomial logistic regression model is used to fit the two groups of data respectively. By comparison, we find that the 

covariates affecting the number of retrieved oocytes in the two groups are not the same. The results show that the age, duration 

of infertility, Anti-Müllerian Hormone, and Gonadotropins dosage of natural fertilization patients all have a significant impact 

on the number of oocytes retrieved, while the number of oocytes retrieved in artificial fertilization patients is only affected by 

Anti-Müllerian Hormone. The doctor can predict the number of oocytes retrieved by the patient based on the regression model 

and can optimize the number of oocytes retrieved by adjusting the patient's covariables. 

 

Keywords - Multinomial logistic regression, the number of oocytes retrieved, Likelihood ratio test, Assisted Reproductive 

Technology. 
 

1. Introduction  
Since 1988, when the first test-tube baby was born in China, assisted reproductive medical technology has been developed 

in China for nearly 40 years. In recent years, many researchers have continued to try new methods and new technologies in 

clinical practice and gradually break through many technical difficulties, which greatly improve the reproductive outcome of 

patients. China has currently become the country with the highest cycle of assisted reproductive technology services. In 2016, 

the total number of assisted reproductive technology service cycles in China exceeded 1 million; by 2020, the total number had 

exceeded 1.3 million. 

 

Although assisted reproductive technology has solved the problems for many families suffering from infertility, the 

development of this technology is also facing bottlenecks. For example, the clinical pregnancy rate has hovered around 40 

percent, and the live birth rate is only 30 percent. Factors such as an aging population and younger families delaying 

childbearing will continue to reduce the success rate of assisted reproductive technology. Therefore, covariates such as the 

patient's own age are also increasingly important subjects for researchers to study when developing diagnosis and treatment 

technologies. This article takes the number of oocytes retrieved during in vitro blastocyst transfer as the research object and 

analyzes the relationship between the number of oocytes retrieved by patients and covariates. In order to prove that the number 

of oocytes retrieved is important to blastocyst transplantation, scholars have carried out a large number of theoretical and 

empirical studies from different perspectives. Next, we will introduce relevant research results from the aspects of medical 

techniques and statistical methods. 

 

With the development of frozen embryo transfer technology, cryopreservation of all available embryos for future freeze-

thaw embryo transfer has become a mainstream treatment. Controlled superovulation and whole embryo freezing are becoming 

indispensable techniques in assisted reproductive therapy[1]. It can cause multiple follicles to mature at the same time to 

increase the number of oocytes retrieved. In this way, more potential embryos can be obtained for later treatment, thus 

increasing the clinical pregnancy rate[2]. However, there are drawbacks to the technique, such as over-stimulation of the 

ovaries during treatment[3]. And excessive estrogen can have adverse effects on oocyte quality and endometrium[4]. Sunkara's 

research suggests that excessive oocytes retrieved may lead to a lower pregnancy rate[5]. In addition, Pia studies have shown 

that low ovulation in women of the same age can lead to increased cycle cancellation rates and poor pregnancy outcomes[6]. 

Lu et al. Show that the live birth rate and the cumulative live birth rate of fresh embryo transfer decrease to varying degrees in 
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patients of all ages with fewer than 5 oocytes retrieved[7]. Verberg's findings suggest that low oocytes retrieved lead to a lower 

success rate of IVF treatment[8]. Too many or too few oocytes retrieved will lead to adverse pregnancy outcomes. Too many 

oocytes retrieved means that controlled hyperovulation during treatment will cause abnormal oocyte division[9], and it leads to 

apoptosis of granulosa cells[10, 11]. Clinicians are also increasingly looking to the optimal range of oocytes retrieved during an 

IVF treatment cycle.  
 

Although most studies focus on the relationship between oocytes retrieved and clinical pregnancy rate, in recent years, 

researchers have gradually shifted their attention to the relationship between oocytes retrieved and covariates. And increasingly, 

statistical methods and models are used to analyze results in clinical trials. Many studies have shown that oocytes and their 

quality gradually decline as women age, which affects the number of retrieved oocytes during treatment. Adva et al. establish a 

linear regression analysis table and find higher oocytes retrieved in younger females and lower oocytes retrieved in the older 

female during treatment[12]. In addition to female age, Anti-Müllerian Hormone is an active factor secreted by follicular 

granule cells[13]. Its indicators have also attracted the attention of many researchers. Xu et al. use Spearman correlation 

analysis and find that Anti-Müllerian Hormone is an important indicator of individualized ovulation induction therapy, and the 

number of oocytes retrieved is closely related to the Anti-Müllerian Hormone level[14]. In 2022, Liu et al. used the generalized 

additive model and found that the Anti-Müllerian Hormone level is positively correlated with the number of oocytes retrieved, 

while the Follicle-stimulating Hormone level is negatively correlated with the number of oocytes retrieved. 
 

Previous studies established a linear regression model or a nonlinear regression model to analyze the correlation of 

covariables and reveal the relationship between the number of oocytes retrieved and covariables[15]. On the basis of previous 

studies, combined with the patient's own covariates, this paper identifies five influencing factors:  female age, infertility years, 

Anti-Müllerian Hormone, Follicle-stimulating Hormone and Gonadotropins dosage. According to the method of fertilization, 

the patients were divided into a natural fertilization group and an artificial fertilization group. According to the mode of 

fertilization, the data set is divided into a natural fertilization group of 1167 patients and an artificial fertilization group of 219 

patients. We establish the multinomial logistic regression model for the two groups, respectively. Then, we conduct a 

likelihood test on covariables and establish a multinomial logistic regression model with a better fitting effect after the 

screening.  
 

The remainder of the paper is organized as follows. Section 2 describes the number of oocytes retrieved by the patient. To 

describe the relationship between the number of oocytes retrieved and covariates, we introduce the relevant covariates in 

Section 3 and establish a multinomial logistic regression model. Subsequently, we optimize the model based on likelihood ratio 

testing. Section 4 concludes with some remarks and prospective research topics. 
 

2. An Overview of the Research Object 
We collected clinical data of patients receiving assisted reproductive therapy in the Department of Obstetrics and 

Gynecology of a hospital in Jiaozuo City from 2019 to 2021. To avoid model bias, we screen data from 1386 patients 

undergoing their first assist reproduction treatment. We divide these patients according to fertilization mode into a natural 

fertilization group consisting of 1167 patients and an artificial fertilization group consisting of 219 patients. In order to have an 

intuitive and clear understanding of the number of oocytes retrieved, we plot scatter plots for the two data sets separately. It can 

be seen from Figure 1 that the number of oocytes retrieved for patients in the natural fertilization group is mostly concentrated 

at about 10. But in Figure 2, the number of oocytes retrieved from the artificial fertilization group patients is almost evenly 

distributed between 5-20, and only a few patients have more than 20 oocytes retrieved.  

  
 Fig. 1 Scatter plot of patients in the natural fertilization group. 
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 Fig. 2 Scatter plot of patients in the artificial fertilization group. 

 

In order to promote the development of assisted reproductive technologies, it is necessary to apply appropriate statistical 

methods for the relevant evaluation of the number of oocytes retrieved. In particular, it should shift the research focus to the 

effect of the patient's own covariates on the treatment outcome, knowing how to control the patient's covariates to achieve the 

expected number of oocytes retrieved. Only a physician's clarity about these relationships will allow better use of medical 

resources for patients to achieve optimal outcomes. 

 

3. Discovering the Relationship between the Number of Oocytes Retrieved and Covariates  
The number of oocytes retrieved is the key to the success of assisted reproductive technology. Its level has attracted the 

attention of numerous researchers in clinical practice. Many scholars have described the impact of covariates on the number of 

oocytes retrieved. Of course, we are also interested in how covariates affect the number of oocytes retrieved. In this section, we 

will establish a multinomial logistic regression model based on actual clinical data to explain the changes in the number of 

oocytes retrieved. 

 

3.1 Determination of Covariates   

Logistic regression is a generalized linear regression model that models the probability of the dependent variable 𝑌 

belonging to a category. It is commonly used for disease diagnosis and to explore the risk factors that cause the disease. It  

connects the dependent variable to one or several independent covariates and quantifies the strength of association between 

them. In order to ensure the rationality of the model, we select the physical examination index of patients as the covariable of 

the model. The selection criteria are based on existing literature findings[16] and clinical knowledge. Possible covariables 

included in this model are female age, infertility years, Follicle-stimulating Hormone (FSH), Anti-Müllerian Hormone (AMH) 

and gonadotropin (Gn) dose. The specific definition is as follows: 

 

3.1.1. Number of Oocytes Retrieved 

At the beginning of a woman's period, doctors will use a B-scan to see how many basal follicles she has. Sufficient 

oocytes retrieved is a prerequisite for obtaining transplantable embryos. In this paper, the number of oocytes retrieved is taken 

as the dependent variable, and the relationship between it and other covariables is studied. In clinical practice, the ideal number 

of oocytes retrieved can be achieved by adjusting the patients’ covariables. 

 

3.1.2. Female Age 

Because age can directly affect the patient's body function. And as women age, ovarian reserve function declines, and the 

number of sinus follicles decreases[17]. The frequency of normal ovulation will gradually decrease, leading to a decrease in 

fertility. So age is a non-negligible covariable. All the statistical ages in this paper are calculated by calendar after birth. 

 

3.1.3. Duration of Infertility 

It is calculated from the date when the sexual activity pattern of the couple after marriage is normal and contraceptive 

measures are not used. Our statistical deadline is until patients seek medical attention.  
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3.1.4. Follicle-Stimulating Hormone 

Its abbreviation is FSH. It is a hormone secreted by basophils in the anterior pituitary gland, mainly composed of 

glycoproteins, and its main function is to promote follicle maturation[18]. Its content value is related to various diseases and is 

a factor that cannot be ignored during the treatment period. Moreover, due to significant physiological changes in follicle-

stimulating hormone levels in the serum, it is important to repeat the measurement multiple times during clinical treatment to 

avoid erroneous judgments. The data in this paper are accurate after multiple measurements. The normal values of FSH content 

are 1-9U/L during the follicular phase, 6-260U/L during the ovulation phase, 1-9U/L during the luteal phase, and 30-118U/L 

during menopause. 

 

3.1.5. Anti-Müllerian Hormone 

Its abbreviation is FSH. Its content is mainly used to evaluate the ovarian reserve function of women. It can provide a 

basis for the auxiliary diagnosis of reproductive system-related diseases and the evaluation of female reproductive function in 

the treatment of other diseases[19]. AMH examination is an essential step during treatment. Doctors can quickly determine 

ovarian reserve function based on its content value, thereby determining a woman's reproductive ability. The normal range of 

AMH is 2-6.8ng/ml. 

 

3.1.6. Gonadotropins 

Its abbreviation is Gn. It can regulate the development of vertebrate gonads and is a glycoprotein hormone that promotes 

the production and secretion of sex hormones. It has the function of promoting the growth and development of follicles. The 

normal value of its content will vary with the physiological changes of women[20]. Reasonable regulation of gonadotropin 

levels for patients is an essential step in the clinical treatment stage. 

 
Table 1.   Data of natural fertilization group and artificial fertilization group. 

Index Natural fertilization group (n=1167) Artificial fertilization group (n=219) 

woman's age (year) 30.40±4.26 29.95±4.71 

20-34years [(%)] 1000(85.68) 184(84.02) 

35-39years [(%)] 122(10.45) 25(11.42) 

>40years [(%)] 45(3.87) 10(4.56) 

Duration of infertility (year) 3.49±2.69 3.98±2.75 

0-4.25 [(%)] 852(73.01) 138(63.01) 

4.26-10.25 [(%)] 280(23.99) 75(34.25) 

>10.25 [(%)] 35(3.00) 6(2.74) 

FSH (U/L) 6.50±1.83 6.64±2.23 

0-10 [(%)] 1117(95.72) 208(94.98) 

10 [(%)] 50(4.28) 11(5.02) 

AMH (ng/ml) 4.50±3.56 4.15±3.02 

0-2 [(%)] 260(21.28) 51(23.29) 

2-6.8 [(%)] 712(61.01) 139(63.47) 

>6.8 [(%)] 195(17.71) 29(13.24) 

Total dose of Gn (IU) 2738.33±1066.68 2772.26±1104.63 

0-1200 [(%)] 24(2.06) 4(1.83) 

1200-2400 [(%)] 525(44.99) 101(46.12) 

2400-3600 [(%)] 403(34.53) 69(31.51) 

>3600 [(%)] 215(18.42) 45(20.54) 

Number of oocytes retrieved 11.66±6.42 11.05±6.00 

0-10 [(%)] 509(43.62) 99(45.21) 

10-15 [(%)] 393(33.68) 73(33.33) 

>15 [(%)] 265(22.70) 47(21.46) 
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Next, we will use these covariates to establish the multinomial logistic regression model. The covariates of 1167 natural 

fertilization patients and 219 artificial fertilization patients are statistically analyzed, as shown in Table 1. 
 

To facilitate the description and analysis of covariates, we use mean ± standard deviation in the table to represent intra-

group data characteristics. Prepare for the next modeling work. 

 

3.2. Establishment of Multinomial Logistic Regression Model  

To discover the relationship between the dependent variable and the covariates, we first attempt to establish a multinomial 

logistic regression model for five covariates. The multinomial logistic regression model is an extension of the logistic 

regression model with a binary dependent variable. Logistic regression models the probability of the dependent variable 

belonging to a category rather than directly modeling it[21]. When the dependent variable has a classification of 𝐽 categories 

(𝐽 > 2) and uses 𝑝1,  𝑝2, . . . , 𝑝𝐽 represents the probability of the dependent variable 𝑌 taking the value. So there must be 𝑝1 +

 𝑝2+ . . . +𝑝𝐽 = 1. Firstly, select any category as the reference category, and here we assume that the first category is the 

reference category. So other categories can be defined by logit: 

 

 ln
𝑝j

𝑝1
= 𝛽𝑗0 + 𝛽𝑗1𝑥1+. . . +𝛽𝑗𝑚𝑥𝑚 . (1) 

Where 𝐽 = 2, 3, . . . , 𝐽 , 𝑚  is the number of covariates. Simultaneously using (𝐽 − 1)  equations to estimate regression 

coefficients, the predicted values can be calculated after obtaining the coefficients: 

 

 𝑝𝑗 = 𝑝1

𝛽𝑗0+𝛽𝑗1𝑥1+...+𝛽𝑗𝑚𝑥𝑚
. (2) 

Because the sum of all predicted values 𝑝𝑗 is 1, so: 

 𝑝𝑗 =
1

1+∑ 𝑒
𝛽𝑗0+𝛽𝑗1𝑥1+...+𝛽𝑗𝑚𝑥𝑚𝐽

𝑗=2

. (3) 

Transforming equations (1) and (2) yields: 

 𝑝𝑗 =
𝑒

𝛽𝑗0+𝛽𝑗1𝑥1+...+𝛽𝑗𝑚𝑥𝑚

1+∑ 𝑒
𝛽𝑗0+𝛽𝑗1𝑥1+...+𝛽𝑗𝑚𝑥𝑚𝐽

𝑗=2

. (4) 

 

For other values of the dependent variable, 𝑗0 can be represented based on equation (4): 

 ln
𝑝𝑗0

𝑝1
= 𝛽𝑗0 + 𝛽𝑗1𝑥1+. . . +𝛽𝑗𝑚𝑥𝑚 . (5) 

 

Next, we will establish multinomial logistic regression models for each of the two data groups.  

 

3.2.1. Multinomial Logistic Regression Model for Natural Fertilization Group  

Due to the fact that the data are all continuous variables, we establish a multinomial logistic regression model with the 

number of oocytes retrieved as the dependent variable and female age, infertility years, FSH, AMH, and Gn dose as covariates. 

The established regression model is as follows: 

 

 𝐺 = 𝛼0 + 𝛼1𝑧𝑎𝑔𝑒20−34 + 𝛼2𝑧𝑎𝑔𝑒35−39 + 𝛼3𝑧𝑑𝑜𝑖0−4.25 + 𝛼4𝑧𝑑𝑜𝑖4.26−10.25 + 𝛼5𝑧𝐹𝑆𝐻0−10 + 𝛼6𝑧𝐴𝑀𝐻0−2 

                         +𝛼7𝑧𝐴𝑀𝐻2−6.8 + 𝛼8𝑧𝐺𝑛0−1200 + 𝛼9𝑧𝐺𝑛1200−2400 + 𝛼10𝑧𝐺𝑛2400−3600. (6)  
 

where 𝛼0 is a constant, 𝛼1,𝛼2, ... ,𝛼10 is the regression coefficient corresponding to each covariates, 𝑧𝑎𝑔𝑒 is the female age, 

𝑧𝑑𝑜𝑖  is the duration of infertility, 𝑧𝐹𝑆𝐻  is the FSH, 𝑧𝐴𝑀𝐻  is AMH, and 𝑧𝐺𝑛 is the dosage of Gn. By using R software, we can 

establish a multinomial logistic regression model (6) based on natural fertilization group data and obtain regression equation as 

follows: 

 𝐺1 = ln
𝑃(oocytes retrieved<10)

𝑃(oocytes retrieved>15)
= 0.7964 − 1.2428𝑧𝑎𝑔𝑒20−34 − 0.6630𝑧𝑎𝑔𝑒35−39 + 1.1357𝑧𝑑𝑜𝑖0−4.25 

                          +1.0673𝑧𝑑𝑜𝑖4.26−10.25 − 1.1149𝑧𝐹𝑆𝐻0−10 + 6.1253𝑧𝐴𝑀𝐻0−2 + 1.2810𝑧𝐴𝑀𝐻2−6.8 − 2.0273𝑧𝐺𝑛0−1200 

                             −0.7329𝑧𝐺𝑛1200−2400 − 0.3961𝑧𝐺𝑛2400−3600. (7) 

 

 𝐺2 = ln
𝑃(10≤oocytes retrieved≤15)

𝑃(oocytes retrieved>15)
= −1.0703 + 0.0715𝑧𝑎𝑔𝑒20−34 + 0.6229𝑧𝑎𝑔𝑒35−39 + 2.0333𝑧𝑑𝑜𝑖0−4.25 

                 +1.6893𝑧𝑑𝑜𝑖4.26−10.25 − 0.4054𝑧𝐹𝑆𝐻0−10 + 3.5313𝑧𝐴𝑀𝐻0−2 + 0.5440𝑧𝐴𝑀𝐻2−6.8 − 1.3345𝑧𝐺𝑛0−1200 

  −0.9305𝑧𝐺𝑛1200−2400 − 0.3658𝑧𝐺𝑛2400−3600.  (8) 
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𝐺3 = 0(Reference). (9) 

 

Some other regression results, like coefficient standard deviation and p-value, are displayed in Table 2. 

 
Table 2.  Multinomial logistic regression of natural fertilization group. 

Index Regression coefficient Standard deviation p-value 𝒆𝒙𝒑(𝐁) Significance 

oocytes retrieved< 𝟏𝟎 

𝛼0 0.7964 1.0904 0.4652   

𝛼1 -1.2428 0.6393 0.0519 0.2886  

𝛼2 -0.6330 0.7004 0.3661 0.5310  

𝛼3 1.1357 0.5609 0.0429 3.1135 * 

𝛼4 1.0673 0.5749 0.0634 2.9076  

𝛼5 -1.1149 0.7776 0.1516 0.3280  

𝛼6 6.1253 1.0292 <0.0001 457.2773 *** 

𝛼7 1.2810 0.2445 <0.0001 3.6004 *** 

𝛼8 -2.0273 0.8626 0.0188 0.1317 * 

𝛼9 -0.7329 0.2757 0.0079 0.4805 ** 

𝛼10 -0.3961 0.2887 0.1700 0.6729  

𝟏𝟎 ≤oocytes retrieved≤ 𝟏𝟓 

𝛼0 -1.0703 1.2215 0.3809   

𝛼1 0.0715 0.7301 0.9220 1.0741  

𝛼2 0.6229 0.7877 0.4291 1.8643  

𝛼3 2.0333 0.6597 0.0021 7.6394 ** 

𝛼4 1.6893 0.6713 0.0119 5.4155 * 

𝛼5 -0.4054 0.8117 0.6175 0.6667  

𝛼6 3.5313 1.0330 0.0006 4.1681 *** 

𝛼7 0.5440 0.2007 0.0067 1.7229 ** 

𝛼8 -1.3345 0.5467 0.0146 0.2633 * 

𝛼9 -0.9305 0.2686 0.0005 0.3944 *** 

𝛼10 -0.3658 0.2805 0.1921 0.6936  

 

From the table, we find that most of the selected covariates have relatively small p-values, but the p-values of covariates, 

such as FSH, are not significant. Further screening is required for the selected covariates.  

In order to obtain better results, we will perform likelihood ratio tests on the multinomial logistic regression equation, and 

the results are shown in Table 3. 

 
Table 3.  Likelihood ratio test of multi-classification logistic model in natural fertilization group. 

Index Chi-square p-value Significance 

female age 12.0694 0.0168 * 

Duration of infertility 13.8649 0.0077 ** 

FSH 4.4023 0.1107  

AMH 256.5386 0.0001 *** 

Total dose of Gn 21.1865 0.0017 ** 

 

After likelihood ratio testing, we find that only the female age, duration of infertility, AMH, and Gn do have a significant 

impact on the number of oocytes retrieved. Next, we use these four covariates to establish the multinomial logistic regression 

model. The established regression model is as follows: 
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 𝐺 = 𝛼0 + 𝛼1𝑧𝑎𝑔𝑒20−34 + 𝛼2𝑧𝑎𝑔𝑒35−39 + 𝛼3𝑧𝑑𝑜𝑖0−4.25 + 𝛼4𝑧𝑑𝑜𝑖4.26−10.25 + 𝛼5𝑧𝐴𝑀𝐻0−2 + 𝛼6𝑧𝐴𝑀𝐻2−6.8 

 +𝛼7𝑧𝐺𝑛0−1200 + 𝛼8𝑧𝐺𝑛1200−2400 + 𝛼9𝑧𝐺𝑛2400−3600. (10) 

 

where 𝛼0 is a constant, 𝛼1,𝛼2, ... ,𝛼9 is the regression coefficient corresponding to each covariates, 𝑧𝑎𝑔𝑒  is the female age, 

𝑧𝑑𝑜𝑖  is the duration of infertility, 𝑧𝐴𝑀𝐻  is AMH, and 𝑧𝐺𝑛  is the dosage of Gn. We can reestablish a multinomial logistic 

regression model (8) based on natural fertilization group data and obtain regression equation as follows: 

 

𝐺1 = ln
𝑃(oocytes retrieved < 10)

𝑃(oocytes retrieved > 15)
= −0.3204 − 1.2810𝑧𝑎𝑔𝑒20−34 − 0.6489𝑧𝑎𝑔𝑒35−39 + 1.1819𝑧𝑑𝑜𝑖0−4.25 

  +1.1072𝑧𝑑𝑜𝑖4.26−10.25 + 6.2089𝑧𝐴𝑀𝐻0−2 + 1.3040𝑧𝐴𝑀𝐻2−6.8 − 2.0496𝑧𝐺𝑛0−1200 

  −0.7368𝑧𝐺𝑛1200−2400 − 0.4030𝑧𝐺𝑛2400−3600.  (11) 

 

𝐺2 = ln
𝑃(10 ≤ oocytes retrieved ≤ 15)

𝑃(oocytes retrieved > 15)
= −1.4521 + 0.0546𝑧𝑎𝑔𝑒20−34 + 0.6033𝑧𝑎𝑔𝑒35−39 + 2.0294𝑧𝑑𝑜𝑖0−4.25 

   +1.6900𝑧𝑑𝑜𝑖4.26−10.25 + 3.5458𝑧𝐴𝑀𝐻0−2 + 0.5518𝑧𝐴𝑀𝐻2−6.8 − 1.3368𝑧𝐺𝑛0−1200 

  −0.9335𝑧𝐺𝑛1200−2400 − 0.3762𝑧𝐺𝑛2400−3600. (12) 

 

 𝐺3 = 0(Reference) (13) 

 

The detailed results of multinomial logistic regression for the modified natural fertilization group are shown in Table 4. 

 
Table 4.  Modified multinomial logistic regression of natural fertilization group. 

Index Regression coefficient Standard deviation p-value 𝒆𝒙𝒑(𝐁) Significance 

oocytes retrieved< 𝟏𝟎 

𝛼0 -0.3204 0.7669 0.6761   

𝛼1 -1.2810 0.6372 0.0444 0.2777 * 

𝛼2 -0.6489 0.6985 0.3529 0.5226  

𝛼3 1.1819 0.5620 0.0355 3.2606 * 

𝛼4 1.1072 0.5760 0.0546 3.0260  

𝛼5 6.2089 1.0285 <0.0001 497.1402 *** 

𝛼6 1.3040 0.2440 <0.0001 3.6842 *** 

𝛼7 -2.0496 0.8682 0.0182 0.1288 * 

𝛼8 -0.7368 0.2754 0.0075 0.4786 ** 

𝛼9 -0.4030 0.2883 0.1622 0.6683  

𝟏𝟎 ≤oocytes retrieved≤ 𝟏𝟓 

𝛼0 -1.4521 0.9143 0.1122   

𝛼1 0.0546 0.7289 0.9403 1.0561  

𝛼2 0.6033 0.7867 0.4432 1.8281  

𝛼3 2.0294 0.6592 0.0021 7.6096 ** 

𝛼4 1.6900 0.6708 0.0118 5.4195 * 

𝛼5 3.5458 1.0323 0.0006 4.6673 *** 

𝛼6 0.5518 0.2004 0.0059 1.7364 ** 

𝛼7 -1.3368 0.5464 0.0144 0.2627 * 

𝛼8 -0.9335 0.2683 0.0005 0.3932 *** 

𝛼9 -0.3762 0.2802 0.1794 0.6865  
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Based on the results in the table and regression equation, we can draw the following conclusions: 

• From Table 4, we find that the p-values of all selected covariates are relatively small, indicating that the selected 

covariates have a certain significance for the number of oocytes retrieved. After calculation by R software, it is found that 

the model's 𝑝 = 0.0010 indicates a good fit for our established model. 

• When the number of oocytes retrieved is greater than 15 as the reference standard, the probability of females aged 20-34 

years old among females with 0-10 oocytes retrieved is 0.2777 times that of females aged over 39 years old. And the 

probability of females aged 35-39 years old is 0.5226 times that of females aged over 39 years old. Compared to females 

over 40 years old, younger females are more likely to have more than 15 oocytes retrieved; Compared to females aged 40, 

the number of oocytes retrieved by females aged 20-39 tends to be 10-15. 

• When the number of oocytes retrieved is greater than 15 as the reference standard, the probability of patients with 0-10 

oocytes retrieved having a duration of infertility of 0-4.5 years is 3.2606 times that of patients with a duration of infertility 

greater than 10.25 years. And the probability of patients with a duration of infertility of 4.25-10.25 years is 3.0260 times 

that of patients with a duration of infertility greater than 10.25 years. Compared to patients with a duration of infertility 

greater than 10.25 years, patients with a duration of infertility of 0-10.25 years tend to have 10-15 oocytes retrieved. 

• When the number of oocytes retrieved is greater than 15 as the reference standard, the probability of AMH being 0-2ng/ml 

in patients with 0-10 oocytes retrieved is 497.1402 times higher than that of patients with AMH greater than 6.8ng/ml, the 

probability of AMH being 2-6.8ng/ml is 3.6848 times higher than that of patients with AMH greater than 6.8ng/ml. And 

the probability of AMH in patients with 10-15 oocytes retrieved is 4.6673 times higher than that of patients with AMH 

greater than 6.8ng/ml, and the probability of AMH in patients with 2-6.8ng/ml is 1.7364 times higher than that of patients 

with AMH greater than 6.8ng/ml. Compared to patients with AMH levels greater than 6.8ng/ml, patients with lower AMH 

levels tend to have lower oocytes retrieved. 

• When the number of oocytes retrieved is greater than 15 as the reference standard, the probability of patients with  0-

1200IU Gn doses among patients with 0-10 oocytes retrieved is 0.1288 times higher than that of patients with Gn doses 

greater than 3600IU, the probability of patients with 1200-2400IU Gn doses is 0.4786 times higher than that of patients 

with Gn doses greater than 3600IU, the probability of patients with 2400-3600IU Gn doses is 0.6683 times higher than that 

of patients with Gn doses greater than 3600IU. And the probability of patients with  0-1200IU Gn doses among patients 

with 10-15 oocytes retrieved is 0.2627 times higher than that of patients with Gn doses greater than 3600IU, the 

probability of patients with 1200-2400IU Gn doses is 0.3932 times higher than that of patients with Gn doses greater than 

3600IU, the probability of patients with 2400-3600IU Gn doses is 0.6865 times higher than that of patients with Gn doses 

greater than 3600IU. Compared to patients with Gn greater than 3600IU, patients have 0-3600IU Gn tend to have more 

than 15 oocytes retrieved. 

 

3.2.2. Multinomial Logistic Regression Model for Artificial Fertilization Group  

For the artificial fertilization group data, we also used female age, fertility years, FSH, AMH, and Gn dose as covariates to 

establish a multinomial logistic regression model. The established regression model is as follows: 

 

𝐺1 = ln
𝑃(oocytes retrieved < 10)

𝑃(oocytes retrieved > 15)
= 0.2517 + 0.2043𝑧𝑎𝑔𝑒20−34 + 1.0881𝑧𝑎𝑔𝑒35−39 − 0.3768𝑧𝑑𝑜𝑖0−4.25 

 

     + 0.1629𝑧𝑑𝑜𝑖4.26−10.25 − 0.6428𝑧𝐹𝑆𝐻0−10 + 3.2353𝑧𝐴𝑀𝐻0−2 + 0.3193𝑧𝐴𝑀𝐻2−6.8 − 0.4498𝑧𝐺𝑛0−1200 

 

 +0.1364𝑧𝐺𝑛1200−2400 + 0.3731𝑧𝐺𝑛2400−3600. (14) 

 

 𝐺2 = ln
𝑃(10≤oocytes retrieved≤15)

𝑃(oocytes retrieved>15)
= −0.0145 + 0.6519𝑧𝑎𝑔𝑒20−34 + 0.4007𝑧𝑎𝑔𝑒35−39 + 0.8297𝑧𝑑𝑜𝑖0−4.25 

 

                  −1.0143𝑧𝑑𝑜𝑖4.26−10.25 + 0.8282𝑧𝐹𝑆𝐻0−10 + 0.2169𝑧𝐴𝑀𝐻0−2 + 0.3025𝑧𝐴𝑀𝐻2−6.8 − 0.7447𝑧𝐺𝑛0−1200 

 

 −0.7169𝑧𝐺𝑛1200−2400 + 0.0025𝑧𝐺𝑛2400−3600. (15) 

 

𝐺3 = 0(Reference). (16) 

 

Some other regression results, like coefficient standard deviation, and p-value, are displayed in Table 5. 
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Table 5.  multinomial logistic regression of artificial fertilization group. 

Index Regression coefficient Standard deviation p-value 𝒆𝒙𝒑(𝐁) Significance 

oocytes retrieved< 𝟏𝟎 

𝛼0 0.2517 2.1816 0.9082   

𝛼1 0.2043 1.2830 0.8735 1.2267  

𝛼2 1.0881 1.4328 0.4476 2.9686  

𝛼3 -0.3768 1.4887 0.8002 0.6860   

𝛼4 0.1629 1.4826 0.9125 1.1770  

𝛼5 -0.6428 1.2595 0.6098 0.5258  

𝛼6 3.2353 0.9431 0.0006 25.4148   

𝛼7 0.3193 0.5776 0.5804 1.3762   

𝛼8 -0.4498 1.3591 0.4872 1.2575   

𝛼9 0.1364 0.5676 0.8101 1.1461   

𝛼10 0.3731 0.6111 0.5415 1.4523  

𝟏𝟎 ≤oocytes retrieved≤ 𝟏𝟓 

𝛼0 -0.0145 2.3513 0.9082   

𝛼1 0.6519 1.4716 0.8735 1.9192  

𝛼2 0.4007 1.6339 0.4476 1.4929  

𝛼3 0.8297 1.2718 0.8002 0.4362   

𝛼4 -1.0143 1.2697 0.9125 0.3628   

𝛼5 0.8282 1.4646 0.6098 2.2892  

𝛼6 0.2169 1.0838 0.0006 1.2423   

𝛼7 0.3025 0.5585 0.5804 1.3532   

𝛼8 -0.7447 1.2497 0.5682 0.0410   

𝛼9 -0.7169 0.5325 0.8101 0.1730   

𝛼10 0.0025 0.5733 0.5415 0.3259  

 

According to the table and regression equation, we find that the p-values of all covariates are not significant, indicating 

that further screening is needed for the selected covariates. Further screening is required for the selected covariates. And from 

the model, we find that the number of oocytes retrieved in the natural fertilization group is closely related to the patients' own 

physical indicators. However, the covariates we select in the artificial fertilization group cannot provide a good explanation for 

the number of oocytes retrieved. Next, we will perform a likelihood ratio test on the multi-class logistic regression equation, 

and the test results are shown in Table 6. 

 
Table 6.  Likelihood ratio test of multi-classification logistic model in artificial fertilization group. 

Index Chi-square p-value Significance 

female age 3.9374 0.4149  

Duration of infertility 4.5650 0.3349  

FSH 1.5132 0.4693  

AMH 49.9362 <0.0001 *** 

Total dose of Gn 7.4136 0.2843  

 

After likelihood ratio testing, we find that only AMH have a significant impact on the number of oocytes retrieved. Next, 

we will use AMH as covariates to establish a new multinomial logistic regression equation. The established regression model is 

as follows: 

 𝐺 = 𝛼0 + 𝛼1𝑧𝐴𝑀𝐻0−2 + 𝛼2𝑧𝐴𝑀𝐻2−6.8. (17) 

 

 where 𝛼0 is a constant, 𝛼1,𝛼2 is the regression coefficient corresponding to each covariates, 𝑧𝐴𝑀𝐻  is AMH. Re-fitting the 

artificial fertilization group data and obtaining the following results: 
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 𝐺1 = ln
𝑃(oocytes retrieved<10)

𝑃(oocytes retrieved>15)
= −0.2231 + 3.3586𝑧𝐴𝑀𝐻0−2 + 0.4745𝑧𝐴𝑀𝐻2−6.8. (18) 

 

 𝐺2 = ln
𝑃(10≤oocytes retrieved≤15)

𝑃(oocytes retrieved>15)
= 0.0953 + 0.3102𝑧𝐴𝑀𝐻0−2 + 0.4269𝑧𝐴𝑀𝐻2−6.8. (19) 

 

 𝐺3 = 0(Reference). (20) 

 

The detailed results of multinomial logistic regression for the modified artificial fertilization are shown in Table 7. 

 
Table 4.  Modified multinomial logistic regression of artificial fertilization group. 

Index Regression coefficient 
Standard 

deviation 
p-value 𝒆𝒙𝒑(𝐁) Significance 

oocytes retrieved< 𝟏𝟎 

𝛼0 -0.2231 0.4743 0.6380   

𝛼1 3.3586 0.8641 0.0001 28.7500 *** 

𝛼2 0.4745 0.5252 0.3663 1.6071  

𝟏𝟎 ≤oocytes retrieved≤ 𝟏𝟓 

𝛼0 0.0953 0.4369 0.8273   

𝛼1 0.3102 1.0120 0.7593 1.3636  

𝛼2 0.4269 0.4862 0.3800 1.5325  

 

Based on the results in the table and regression equation, we can draw the following conclusions: 

1. From the results, we find that the model fitted by re-selecting covariates is significantly better than before. 

2. When the number of oocytes retrieved is greater than 15 as the reference standard, the probability of AMH being 0-

2ng/ml in patients with 0-10 oocytes retrieved is 28.7500 times higher than that of patients with AMH greater than 6.8ng/ml, 

the probability of AMH being 2-6.8ng/ml is 1.6071 times higher than that of patients with AMH greater than 6.8ng/ml. And the 

probability of AMH in patients with 10-15 oocytes retrieved is 1.3636 times higher than that of patients with AMH greater than 

6.8ng/ml, and the probability of AMH in patients with 2-6.8ng/ml is 1.5325 times higher than that of patients with AMH 

greater than 6.8ng/ml. Compared to patients with AMH levels greater than 6.8ng/ml, patients with lower AMH levels tend to 

have lower oocytes retrieved. This conclusion is consistent with the results of the natural fertilization group, but there are 

differences in multiples. 

 

3.3. Predicting the Number of Oocytes Retrieved using the Multinomial Logistic Regression Model 

When using the above multinomial logistic regression model to predict the number of oocytes retrieved by patients, it is 

necessary to substitute the patient's fertilization method into the corresponding model. Finally, incorporate 𝐺1, 𝐺2, and 𝐺3 into 

the following formula: 

 𝑃1 =
𝑒𝑥𝑝(𝐺1)

𝑒𝑥𝑝(𝐺1)+𝑒𝑥𝑝(𝐺2)+𝑒𝑥𝑝(𝐺3)
. (21) 

 

 𝑃2 =
𝑒𝑥𝑝(𝐺2)

𝑒𝑥𝑝(𝐺1)+𝑒𝑥𝑝(𝐺2)+𝑒𝑥𝑝(𝐺3)
. (22) 

 

 𝑃3 =
𝑒𝑥𝑝(𝐺3)

𝑒𝑥𝑝(𝐺1)+𝑒𝑥𝑝(𝐺2)+𝑒𝑥𝑝(𝐺3)
. (23) 

 

Where 𝑃1, 𝑃2, 𝑃3 is the probabilities of patients receiving 0-10, 10-15, or more than 15 oocytes, respectively.  

 

4. Concluding Remarks  
This paper selects the clinical data of patients receiving assisted reproductive therapy from 2019 to 2021 in the department 

of Obstetrics and Gynecology of a hospital in Jiaozuo City. We select data from 1386 patients for our study. They are divided 

into a natural fertilization group consisting of 1167 patients and an artificial fertilization group consisting of 219 patients 

according to the fertilization type. Multinomial logistic regression analysis is conducted on the natural fertilization group data 

using the number of oocytes retrieved as the dependent variable and female age, duration of infertility, AMH, and Gn dose as 

covariates. Multinomial logistic regression analysis is conducted on the artificial fertilization group data using the number of 
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oocytes retrieved as the dependent variable and AMH covariates. Doctors can develop corresponding plans for future treatment 

of patients based on a multinomial logistic regression model, ensuring that the number of oocytes retrieved by the patient is 

within expectations. And doctors can achieve the ideal number of oocytes retrieved by adjusting the patient's covariates. 

 

From the results, there is a significant difference in the relationship between the number of oocytes retrieved and the 

covariates in patients with two different fertilization methods. Among them, AMH is a very important indicator for patients 

with different fertilization types. And the higher the AMH content, the greater the number of oocytes retrieved. Research has 

shown that there is a certain correlation between AMH and pregnancy outcome, and its indicators are directly related to clinical 

pregnancy and live birth rate. Xiao et al. find that AMH is positively correlated with the number of oocytes retrieved, 

fertilization rate, and the number of blastocyst transfers [22]. Moreover, a large amount of clinical trial evidence indicates that 

AMH levels have strong predictive value for ovarian reserve function and ovarian responsiveness[23, 24] and have moderate 

predictive value for in vitro fertilization[25]. AMH performs similarly in our model. The number of oocytes retrieved by 

artificial fertilization patients is more focused on in vitro culture technology, which has little impact on the patient's own 

physical indicators. However, natural fertilization patients need to have good physical conditions, especially good ovarian 

reserve function. From the model, we find that significant indicators such as female age and AMH are all related to the number 

of oocytes retrieved, and they all reflect the patient's ovarian reserve function to a certain extent. 

 

The model of the artificial fertilization group has limitations. Because we can choose fewer significant covariates, it may 

lead to lower accuracy of the prediction results. Collecting data related to in vitro fertilization may lead to better models. 

However, an excessive number of oocytes retrieved does not necessarily mean a better pregnancy outcome. Their relationship 

is still a topic worth exploring in the future.  
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