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To identify the factors affecting adverse reproductive outcomes in TPOAb-positive patients and 
to establish a predictive model based on these factors to assess the risk of adverse reproductive 
outcomes in patients. A retrospective cohort study was conducted, including 326 TPOAb-positive 
female patients who visited the reproductive medicine clinic of our hospital from January 2020 to 
December 2022. Patients were divided into groups with adverse reproductive outcomes and without 
adverse reproductive outcomes based on clinical outcomes. Data analysis was performed using 
SPSS software version 26.0 and R software, and independent risk factors for adverse reproductive 
outcomes were identified through univariate and multivariate logistic regression analysis, followed 
by the construction of a nomogram predictive model. The predictive performance of the model was 
assessed using the ROC curve. Additionally, a subgroup analysis was conducted within the adverse 
reproductive outcomes group. Logistic regression analyses were performed for the three subgroups: 
recurrent miscarriage, repeated implantation failure, and no usable embryos, to explore specific risk 
factors for each subgroup and compare the performance of predictive models for each subgroup. 
Univariate analysis showed that age, AMH levels, TPOAb concentration, TSH levels, and endometriosis 
are significant factors affecting adverse reproductive outcomes (P < 0.05). Multivariate logistic 
regression analysis further confirmed these factors as independent risk factors for adverse reproductive 
outcomes. The established nomogram predictive model showed good predictive performance in both 
the training set (AUC = 0.901) and the validation set (AUC = 0.858). Subgroup analysis showed that 
TSH levels, TPOAb concentration, age, AMH levels, and endometriosis were common risk factors for 
the three groups, but their weights differed. The nomogram model demonstrated the best predictive 
performance in the RIF group (AUC = 0.926), while its predictive performance was relatively lower in 
the RPL group (AUC = 0.869). This study successfully established a nomogram predictive model for 
adverse reproductive outcomes in TPOAb-positive patients. Through subgroup analysis, we identified 
the specific risk factors and predictive performance for subgroups of recurrent miscarriage, repeated 
implantation failure, and unavailable embryos, providing a reference for precise clinical assessment 
and intervention.
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Thyroid peroxidase (TPO) is a key enzyme in the synthesis of thyroid hormones, with its mRNA and protein 
being expressed not only in the thyroid but also in follicular fluid, endometrial lining, and placenta, among 
other sites 1,2. Studies have shown that the positive status of TPOAb may increase the risk of various adverse 
reproductive outcomes through immune imbalance (such as disruption of the Th1/Th2 balance) and thyroid 
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dysfunction. These adverse outcomes include recurrent miscarriage, repeated embryo implantation failure, 
and the presence of non-viable embryos. These effects may be mediated through their impact on embryo 
quality, embryo implantation, and endometrial receptivity3,4. However, it is not yet clear whether there is a 
dose–response relationship between the concentration of TPO antibodies (TPOAb) and the risk of thyroid 
dysfunction or adverse reproductive outcomes. The discrepancies in existing research findings may be attributed 
to the inclusion of varying concentrations of TPOAb in the studies, or to the influence of potential risk factors 
such as age, thyroid-stimulating hormone (TSH), and anti-Müllerian hormone (AMH). These factors may be 
responsible for the differences in pregnancy outcomes among TPOAb-positive women. This study aims to fill this 
knowledge gap by comprehensively considering potential risk factors such as age, TSH levels, AMH, and TPOAb 
concentrations to accurately assess the risk of adverse reproductive outcomes in TPOAb-positive patients. To 
this end, we conducted a retrospective cohort study and collected data from TPOAb-positive female patients. 
Through univariate and multivariate Logistic regression analysis, we identified independent risk factors affecting 
adverse reproductive outcomes and constructed a novel nomogram model to analyze the differentiated risks 
among subgroups such as recurrent miscarriage, repeated embryo implantation failure, and non-viable embryos. 
This model visually presents the key risk factors at different TPOAb concentrations, providing clinicians with a 
practical tool for individualized risk assessment and intervention.

Materials and methods
Data sources
All female patients (n = 786) with positive TPOAb who visited the reproductive and gynecological outpatient 
departments from January 2020 to December 2022, aged between 18 and 45 years old. The study was approved 
by the Ethics Committee of the Zigong Maternal and Child Health Hospital.

Research methods
Study design
This study is a retrospective cohort study. A total of 786 TPOAb-positive patients were enrolled, and 326 patients 
were finally included based on the inclusion and exclusion criteria. Participants were divided into two groups 
based on clinical outcomes: the adverse reproductive outcome group (n = 160) and the non-adverse reproductive 
outcome group (n = 166). See Fig. 1

Inclusion criteria: TPOAb ≥ 9 IU/ml, no history of other thyroid diseases, serum FT3 (1.8–4.2 pg/ml), FT4 
(0.87–1.85 ng/dL), and TSH (0.35–4 mIU/L) levels are all within the normal range.

Exclusion criteria: ① Autoimmune diseases: Antiphospholipid syndrome, systemic lupus erythematosus, 
rheumatoid arthritis, Sjögren’s syndrome, systemic sclerosis, etc.; ② Polycystic ovary syndrome; 
Hyperprolactinemia; ③ Significant hydrosalpinx; ④ Pre-ovulatory or pre-transfer ultrasound indicating 
endometrial thickness less than 7 mm; ⑤ Abnormal uterine cavity morphology: uterine adhesions, septate uterus, 
endometrial polyps, etc.; ⑥ Chromosomal abnormalities in both partners; ⑦ Positive for antisperm antibodies, 

Fig. 1.  Study flow diagram.
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anti-endometrial antibodies, anti-cardiolipin antibodies, anti-ovarian antibodies; ⑧ Abnormal coagulation 
function, hyperhomocysteinemia; ⑨ Internal diseases such as hypertension, diabetes, kidney disease, etc.

Diagnostic criteria

	(1)	  An adverse reproductive outcome is defined as the occurrence of any of the following conditions: recurrent 
pregnancy loss, recurrent implantation failure, or no viable embryos.

•	 Recurrent pregnancy loss (RPL): Refers to the loss of two or more pregnancies. In 2018, the European 
Society of Human Reproduction and Embryology (ESHRE) recommended using the term RPL instead of 
RSA (Recurrent spontaneous abortion), which includes miscarriages that do not result in a visible embryo, 
i.e., chemical pregnancies 5.

•	 Recurrent implantation failure (RIF): Defined as failure to achieve a clinical pregnancy after two consec-
utive IVF, frozen-thawed embryo transfer (FET), or ICSI cycles, with at least two blastocysts transferred 
or at least four high-quality cleavage-stage embryos. High-quality embryos here refer to day 3 embryos 
(with ≥ 8cells, even blastomere size, and fragmentation rate of less than 10%) and blastocysts (with a grade 
of ≥ 3BB) 6.

•	 No viable embryos: This encompasses two scenarios: discarded embryos and low-quality blastocysts 7: 
Discarded embryos: Refers to embryos rated as grade IV on day 2/3. Low-quality blastocysts: Include 
blastocysts rated as stage 3 or higher, with a grade of CC, on day 5/6, or blastocysts with an inner cell mass 
(ICM) grade of D.

	(2)	 The non-adverse reproductive outcome group is defined as: women of reproductive age with normal thy-
roid function, with no history of recurrent miscarriage, repeated implantation failure, or no viable embryos, 
who have had a history of normal pregnancy or are currently past the 12th week of gestation.

	(3)	 Metabolic abnormalities are defined as a series of pathological states related to energy balance and nutrient 
metabolism, including obesity, hyperlipidemia, insulin resistance, and dysglycemia. Here are the specific 
definitions and assessment criteria for these conditions:

•	  Obesity 8: Assessed by the Body Mass Index (BMI), calculated as BMI = weight (kg)/height squared (m2). 
Based on the BMI values, we categorize weight status into the following classes:

	 Underweight: BMI < 18.5 kg/m2

	 Normal: 18.5 kg/m2 ≤ BMI < 24.0 kg/m2

	 Overweight: 24.0 kg/m2 ≤ BMI < 28.0 kg/m2

	 Obesity: BMI ≥ 28.0 kg/m2

•	 Insulin Resistance (IR)9: Assessed by the Homeostatic Model Assessment for Insulin Resistance (HO-
MA-IR), calculated as HOMA-IR = fasting blood glucose (mmol/L) × fasting insulin (mIU/L)/22.5. Clini-
cally, we consider fasting insulin (INS) > 15 mIU/mL and/or 2-h insulin (2hINS) > 80 mIU/mL to indicate 
the presence of insulin resistance.

•	 Dysglycemia refers to impaired glucose regulation 10

	 Impaired glucose regulation includes Impaired Fasting Glucose (IFG) and Impaired Glucose Tolerance 
(IGT).

	 IFG: 6.1  mmol/L ≤ fasting blood glucose < 7.0  mmol/L, and 2-h blood glucose after a glucose 
load < 7.8 mmol/L

	 IGT: Fasting blood glucose < 7.0  mmol/L, and 7.8  mmol/L ≤ 2-h blood glucose after a glucose 
load < 11.1 mmol/L

•	 Hyperlipidemia11: Hyperlipidemia is present when serum triglycerides (TG) are > 1.7 mmol/L (150 mg/
dl) or high-density lipoprotein cholesterol (HDL-C) is less than 1.03  mmol/L in males and less than 
1.29 mmol/L in females.

	 Metabolic abnormalities are categorized based on the number of positive factors among the four men-
tioned. If two or more factors are present, the subject is classified into the metabolic abnormality group; 
if only one factor is positive or all four factors are negative, the subject is classified into the group without 
metabolic abnormalities.

	(4)	 Endometriosis (EMs)12: Referring to the 8th edition of "Gynecology and Obstetrics," the diagnosis mainly 
relies on histological examination or sonographic evidence, in addition to clinical symptoms and signs.

Data collection
All retrospective data were derived from the electronic medical record system. The indicators collected and 
analyzed in this study include the woman’s age, education level, occupation, frequency of sexual activity, 
nighttime sleep duration, smoking history, duration of infertility, number of miscarriages, AMH, TPOAb 
concentration, TSH levels, endometriosis, and metabolic abnormalities.

Statistical analysis
Data analysis was conducted using SPSS 26.0 and R software. Continuous data conforming to a normal 
distribution are presented as mean ± standard deviation (x̄ ± s) and compared using independent samples t-tests; 
data not conforming to a normal distribution are presented as median (interquartile range) [M(P25, P75)] and 
compared using the Mann–Whitney U test. Categorical data are represented as percentages or proportions, 
and group comparisons are made using chi-square tests. The subgroup analysis was limited to patients with 
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adverse reproductive outcomes, stratified by recurrent miscarriage, repeated embryo implantation failure, and 
no available embryos. The impact of key variables (age, AMH, TSH, TPOAb concentration, and endometriosis) 
on different subgroups was analyzed using a logistic regression model, calculating the odds ratios (OR) and 
95% confidence intervals, and assessing the predictive model performance using ROC curves. The differences 
in ROC curves between models were compared using the DeLong test to quantify the statistical significance of 
differences in predictive models across subgroups.

The patient population was randomly divided into two groups using R software, with 70% of patients in the 
training set and 30% in the validation set. In the construction of the Nomogram predictive model, univariate 
analysis and multivariate logistic regression were applied to the training set data to identify factors associated 
with adverse reproductive outcomes, with associations expressed as odds ratios (OR) and 95% confidence 
intervals (CI), where adverse reproductive outcomes are coded as Y = 1 and no adverse reproductive outcomes 
as Y = 0. The predictive model was established using the training set, and its accuracy was verified using the 
validation set.

The discriminative ability of the predictive model was evaluated using the area under the receiver operating 
characteristic curve (AUC), and the calibration of the predictive model was assessed using the Hosmer–
Lemeshow goodness-of-fit test. The level of significance was set at 0.05, and all tests were two-tailed. A P-value 
of less than 0.05 was considered to indicate statistical significance.

Results
Comparison of general clinical data of patients
A total of 326 non-pregnant patients were ultimately included in the study. Patients were divided into an adverse 
outcome group (n = 160) and a non-adverse outcome group (n = 166) based on clinical outcomes. Differences 
between the two groups were analyzed using chi-square tests and independent samples t-tests, see Table 1.

There were no statistically significant differences between the two groups in terms of the women’s education 
level, occupation, smoking history, family harmony, duration of infertility, and number of miscarriages 
(P > 0.05). However, there were statistically significant differences between the two groups in age, AMH, TPOAb 
concentration, TSH levels, presence of endometriosis, comorbidity of metabolic abnormalities, nighttime sleep 
duration, and monthly frequency of sexual activity (P < 0.05).

Further evaluation of the statistical power of the variables involved in the t-test revealed that some variables 
(such as education level, occupation, smoking history, family relationship harmony, duration of infertility, and 
number of miscarriages) had low statistical power (ranging from 0.055 to 0.295), suggesting that the sample size 
may be insufficient to draw statistically significant conclusions. In contrast, variables with high statistical power 
(all > 0.8), such as age, AMH levels, TPO titers, TSH levels, endometriosis, and metabolic abnormalities, indicate 
that the sample size is adequate for statistical testing of these variables.

Establishment of the nomogram predictive model
The R software was used to randomly divide the 326 patients into two groups, with 70% in the training set and 
30% in the validation set. Statistical tests showed that the distribution of all indicators was balanced between the 
two groups, with no statistical differences (See Table 2).

In multivariate logistic regression analysis, the risk of adverse reproductive outcomes was significantly 
higher in patients with advanced age [OR = 22.756, 95% CI (6.932–74.702), P < 0.05], low AMH [OR = 3.021, 
95% CI (1.355–6.736), P < 0.05], TSH levels between 2.5 mIU/L and 4.0 mIU/L [OR = 6.965, 95% CI (2.990–
16.233), P < 0.05], high concentration of TPOAb [OR = 3.486, 95% CI (1.413–8.599), P < 0.05], and comorbid 
endometriosis [OR = 3.820, 95% CI (1.691–8.632), P < 0.05]. Consequently, being aged 35 or above, having 
AMH ≤ 1.1  ng/ml, TSH levels between 2.5 and 4.0  mIU/L, TPOAb concentrations ≥ 500 U/ml, and having 
endometriosis are key factors influencing adverse reproductive outcomes (P < 0.05) (See Table 3).

A Nomogram is a method for quantifying and visualizing the results of logistic regression analysis. Based 
on the logistic regression analysis results from Table 3 (P < 0.05), predictive factors were selected to develop a 
Nomogram for the risk of adverse reproductive outcomes in TPOAb-positive patients. (See Table 4 and Fig. 2). At 
the same time, the statistical performance of the Logistic regression model was evaluated. The results indicated 
that the model’s efficacy was 0.9999, suggesting that the sample size provided sufficient statistical power for 
fitting the Logistic regression model. This further supports the reliability and robustness of the predictive model 
results.

Validation of the nomogram predictive model
To validate the model, ROC curves were plotted for both the training and validation cohorts, with AUCs of 0.901 
(0.863–0.940) and 0.858 (0.732–0.935), respectively (Figs. 3 and 4). The Hosmer–Lemeshow goodness-of-fit test 
chi-square value was 4.737, with p > 0.05. Additionally, the maximum Youden index value from the ROC curve 
corresponded to a total score of 77.82, as calculated from the training set.

Analysis of three subgroups of adverse reproductive outcomes
Subgroup classification and case numbers
This study further categorizes adverse reproductive outcomes into three subgroups: recurrent miscarriage (RPL, 
45 cases), repeated embryo implantation failure (RIF, 57 cases), and no available embryos (58 cases). The analysis 
of each subgroup aims to identify specific risk factors and evaluate the effectiveness of predictive models.
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Comparison of demographic and clinical characteristics among the three subgroups
The differences in demographic characteristics (such as age, education level, etc.) and clinical characteristics 
(such as AMH levels, TSH levels, etc.) among the RPL group, RIF group, and no available embryos group did 
not reach statistical significance (P > 0.05). (See Table 5).

Subgroup analysis of key risk factors
Based on multivariable logistic regression analysis, the independent risk factors for each subgroup are as follows 
(see  Table 6):

Variable Total without adverse reproductive outcomes (n = 166) adverse reproductive outcomes (n = 160) P

Level of education, n (%) 0.286

 Elementary school and below 23 (7.06) 11 (6.63) 12 (7.50)

 Junior high school and high school 152 (46.63) 71 (42.77) 81 (50.62)

 College and above 151 (46.32) 84 (50.60) 67 (41.88)

Profession, n (%) 0.264

 Physical labor 167 (51.23) 80 (48.19) 87 (54.37)

 Intellectual labor 159 (48.77) 86 (51.81) 73 (45.62)

Smoking history, n (%) 0.480

 Yes 78 (23.93) 37 (22.29) 41 (25.62)

 No 248 (76.07) 129 (77.71) 119 (74.38)

Whether family relations are harmonious, n (%) 0.842

 Yes 247 (75.77) 125 (75.30) 122 (76.25)

 No 79 (24.23) 41 (24.70) 38 (23.75)

Infertility duration, n (%) 0.203

  < 3 169 (51.84) 91 (54.82) 78 (48.75)

 3–5 107 (32.82) 47 (28.31) 60 (37.50)

  ≥ 5 50 (15.34) 28 (16.87) 22 (13.75)

Number of miscarriages, n (%) 0.154

  ≤ 1 263 (80.67) 139 (83.73) 124 (77.50)

  > 1 63 (19.33) 27 (16.27) 36 (22.50)

Age, n (%)  < .001

  < 30 117 (35.89) 92 (55.42) 25 (15.62)

 30–35 115 (35.28) 64 (38.55) 51 (31.87)

  ≥ 35 94 (28.83) 10 (6.02) 84 (52.50)

AMH, n (%)  < .001

  > 1.1 ng/ml 214 (65.64) 136 (81.93) 78 (48.75)

  ≤ 1.1 ng/ml 112 (34.36) 30 (18.07) 82 (51.25)

TPOAb antibodies, n (%)  < .001

  ≥ 9 IU/ml ~  ≤ 200 IU/ml 75 (23.01) 53 (31.93) 22 (13.75)

  > 200 IU/ml ~ 500 IU/ml 78 (23.93) 56 (33.73) 22 (13.75)

  ≥ 500 IU/ml 173 (53.07) 57 (34.34) 116 (72.50)

TSH level, n (%)  < .001

  < 2.5mIu/L 156 (47.85) 102 (61.45) 54 (33.75)

  ≥ 2.5mIu/L ~  ≤ 4.0mIu/L 170 (52.15) 64 (38.55) 106 (66.25)

Nighttime sleep duration, n (%) 0.031

  < 8 h 180 (55.21) 82 (49.40) 98 (61.25)

  ≥ 8 h 146 (44.79) 84 (50.60) 62 (38.75)

Monthly frequency of sexual intercourse, n (%) 0.035

  < 5 times 164 (50.31) 74 (44.58) 90 (56.25)

  ≥ 5 times 162 (49.69) 92 (55.42) 70 (43.75)

Endometriosis, n (%)  < .001

 No 207 (63.5) 138 (83.13) 69 (43.12)

 Yes 119 (36.5) 28 (16.87) 91 (56.88)

Metabolic disorder, n (%) 0.003

 No 242 (74.23) 135 (81.33) 107 (66.88)

 Yes 84 (25.77) 31 (18.67) 53 (33.12)

Table 1.  General information about two groups of patients.
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In the recurrent pregnancy loss (RPL) group, significant risk factors include TSH levels (OR = 7.584, 95% 
CI 2.818–24.035, P < 0.001) and TPO antibody titers (OR = 4.607, 95% CI 2.482–9.212, P < 0.001). Secondary 
risk factors include age (OR = 2.367, 95% CI 1.349–4.382, P = 0.004) and endometriosis (OR = 2.506, 95% CI 
0.944–6.586, P = 0.062).

Variable Total (n = 326) train_set (n = 228) valid_set (n = 98) P

Level of education, n (%) 0.663

 Elementary school and below 23 (7.06) 18 (7.89) 5 (5.10)

 Junior high school and high school 152 (46.63) 105 (46.05) 47 (47.96)

College and above 151 (46.32) 105 (46.05) 46 (46.94)

Profession, n (%) 0.961

 Physical labor 167 (51.23) 117 (51.32) 50 (51.02)

 Intellectual labor 159 (48.77) 111 (48.68) 48 (48.98)

Smoking history, n (%) 0.488

 No 248 (76.07) 171 (75.00) 77 (78.57)

 Yes 78 (23.93) 57 (25.00) 21 (21.43)

Whether family relations are harmonious, n (%) 0.231

 Yes 247 (75.77) 177 (77.63) 70 (71.43)

 No 79 (24.23) 51 (22.37) 28 (28.57)

Infertility duration, n (%) 0.528

  < 3 169 (51.84) 116 (50.88) 53 (54.08)

 3–5 107 (32.82) 79 (34.65) 28 (28.57)

  ≥ 5 50 (15.34) 33 (14.47) 17 (17.35)

Number of miscarriages, n (%) 0.349

  ≤ 1 263 (80.67) 187 (82.02) 76 (77.55)

  > 1 63 (19.33) 41 (17.98) 22 (22.45)

Age, n (%) 0.764

  < 30 117 (35.89) 83 (36.40) 34 (34.69)

 30–35 115 (35.28) 82 (35.96) 33 (33.67)

  ≥ 35 94 (28.83) 63 (27.63) 31 (31.63)

AMH, n (%) 0.671

  > 1.1 ng/ml 214 (65.64) 148 (64.91) 66 (67.35)

  ≤ 1.1 ng/ml 112 (34.36) 80 (35.09) 32 (32.65)

TPOAb antibodies, n (%) 0.588

  ≥ 9 IU/ml ~  ≤ 200 IU/ml 75 (23.01) 56 (24.56) 19 (19.39)

  > 200 IU/ml ~  < 500 IU/ml 78 (23.93) 54 (23.68) 24 (24.49)

  ≥ 500 IU/ml 173 (53.07) 118 (51.75) 55 (56.12)

TSH level, n (%) 0.050

  < 2.5mIu/L 156 (47.85) 101 (44.30) 55 (56.12)

  ≥ 2.5mIu/L ~  ≤ 4.0mIu/L 170 (52.15) 127 (55.70) 43 (43.88)

Nighttime sleep duration, n (%) 0.345

  < 8 h 180 (55.21) 122 (53.51) 58 (59.18)

  ≥ 8 h 146 (44.79) 106 (46.49) 40 (40.82)

Monthly frequency of sexual intercourse, n (%) 0.681

  < 5 times 164 (50.31) 113 (49.56) 51 (52.04)

  ≥ 5 times 162 (49.69) 115 (50.44) 47 (47.96)

Endometriosis, n (%) 0.148

 No 207 (63.5) 139 (60.96) 68 (69.39)

 Yes 119 (36.5) 89 (39.04) 30 (30.61)

Metabolic disorder, n (%) 0.945

 No 242 (74.23) 169 (74.12) 73 (74.49)

 Yes 84 (25.77) 59 (25.88) 25 (25.51)

Adverse reproductive outcomes n (%) 0.791

 No 166 (50.92) 115 (50.44) 51 (52.04)

 Yes 160 (49.08) 113 (49.56) 47 (47.96)

Table 2.  Comparison of general data between training set and validation set.
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In the recurrent implantation failure (RIF) group, the primary risk factors are endometriosis (OR = 5.780, 
95% CI 2.341–16.014, P < 0.001) and TSH levels (OR = 5.668, 95% CI 2.257–15.090, P < 0.001). Additionally, age 
(OR = 4.273, 95% CI 2.385–8.073, P < 0.001), AMH levels (OR = 2.455, 95% CI 1.084–5.549, P = 0.030), and TPO 
antibody titers (OR = 1.892, 95% CI 1.111–3.360, P = 0.023) also demonstrate certain risk effects.

In the group with no available embryos, significant risk factors include age (OR = 5.821, 95% CI 2.508–
14.946, P < 0.001), AMH levels (OR = 5.295, 95% CI 2.172–13.646, P < 0.001), TSH levels (OR = 4.882, 95% CI 

Variables

Univariate analysis Multivariate analysis

OR (95%CI) P aOR (95%CI) aP

Level of education

 Elementary school and below 1.00 (Reference)

 Junior high school and high school 0.727 (0.262–2.021) 0.541

College and above 0.496 (0.178–1.380) 0.179

Profession

 Physical labor 1.00 (Reference)

 Intellectual labor 0.75 (0.45–1.27) 0.288

Smoking history

 No 1.00 (Reference)

 Yes 1.29 (0.71–2.36) 0.401

Whether family relations are harmonious

 Yes 1.00 (Reference)

 No 0.79 (0.42–1.48) 0.470

Infertility duration

  < 3 1.00 (Reference)

 3–5 1.117 (0.630–1.874) 0.705

  ≥ 5 0.863 (0.397–1.874) 0.709

Number of miscarriages

  ≤ 1 1.00 (Reference)

  > 1 1.55 (0.78–3.08) 0.206

Age

  < 30 1.00 (Reference) 1.00 (Reference)

 30–35 2.199 (1.136–4.256) 0.019 2.591 (1.119–6.003) 0.026

  ≥ 35 28.048 (10.569–74.431)  < 0.001 22.756 (6.932–74.702)  < 0.001

AMH

  > 1.1 ng/ml 1.00 (Reference) 1.00 (Reference)

  ≤ 1.1 ng/ml 4.458 (2.463–8.068)  < 0.001 3.021 (1.355–6.736) 0.007

TPOAb antibodies

  ≥ 9 IU/ml ~  ≤ 200U/ml 1.00 (Reference) 1.00 (Reference)

  > 200 IU/ml ~  < 500 IU/ml 0.966 (0.427–2.184) 0.934 1.454 (0.495–4.265) 0.496

  ≥ 500 IU/ml 4.830 (2.427–9.611)  < 0.001 3.486 (1.413–8.599) 0.007

TSH level

  > 0.35mIu/L ~  < 2.5mIu/L 1.00 (Reference) 1.00 (Reference)

  ≥ 2.5mIu/L ~  ≤ 4.0mIu/L 3.507 (2.023–6.080)  < 0.001 6.965 (2.990–16.233)  < 0.001

Nighttime sleep duration

  < 8 h 1.00 (Reference)

  ≥ 8 h 0.73 (0.43–1.22) 0.229

Monthly frequency of sexual intercourse

  < 5 times 1.00 (Reference)

  ≥ 5 times 0.755 (0.449–1.271) 0.290

Endometriosis

 No 1.00 (Reference) 1.00 (Reference)

 Yes 8.225 (4.418–15.315)  < 0.001 3.820 (1.691–8.632) 0.001

Adverse reproductive outcomes

 No 1.00 (Reference)

 Yes 1.41 (0.78–2.56) 0.257

Table 3.  Logistic regression analysis of factors related to EPL in the training set.
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2.510–10.379, P < 0.001), TPO antibody titers (OR = 1.694, 95% CI 1.058–2.781, P = 0.031), and endometriosis 
(OR = 2.740, 95% CI 1.160–6.467, P = 0.021).

The subgroup analysis indicates that TSH levels, TPO antibody titers, age, AMH levels, and endometriosis are 
common risk factors across the three groups; however, the weight of different influencing factors varies among 
the groups.

Performance evaluation of the prediction model
The performance analysis results of the prediction model for the three subgroups are as follows (see Table 7).

The Nomogram prediction model demonstrated good performance across all subgroups, with AUC values as 
follows: RPL group: 0.869 (95% CI 0.809–0.929), indicating good predictive performance; RIF group: 0.926 (95% 
CI 0.889–0.963), showing the best predictive efficacy; and the group with no available embryos: 0.871 (95% CI 
0.818–0.924), indicating strong predictive capability.

By comparing the ROC curves and AUC values of different subgroups, it was found that the Nomogram 
model had the highest predictive efficacy for the RIF group, followed by the group with no available embryos, 
while the predictive performance for the RPL group was relatively lower. This may be attributed to the smaller 
sample size in the RPL group or differences in the effect sizes among the variables. This suggests that the model 
is more suitable for predicting the risk of recurrent implantation failure, but there is still room for optimization 
in predicting recurrent pregnancy loss.

Discussion
Association between TPOAb concentration and the risk of adverse reproductive outcomes
This study identified TPOAb concentrations ≥ 500 IU/ml, age ≥ 35 years, AMH ≤ 1.1 ng/ml, TSH levels between 
2.5 and 4.0 mIU/L, and endometriosis as independent risk factors for adverse reproductive outcomes through 
multifactorial Logistic regression analysis. Among the findings,TPOAb concentrations ≥ 500  IU/ml serve 
as an independent predictive marker for adverse reproductive outcomes, consistent with previous research 

Fig. 2.  Nomogram prediction model for adverse outcomes in patients with different concentrations of TPOAb 
positivity.

 

Variables Assignment

Age  < 30 assign a value of 0; 30–35 assign a value of 1; ≥ 35 assign a value of 2

AMH  > 1.1 ng/ml assign a value of 0; ≤ 1.1 ng/ml assign a value of 1

TPOAb antibodies  ≤ 200 IU/ml assign a value of 0; 200–500 IU/ml assign a value of 1; ≥ 500 IU/ml assign a value of 2

TSH level  < 2.5mIu/L assign a value of 0; 2.5–4.0 mIu/L assign a value of 1

Endometriosis No = 0; Yes = 1

Table 4.  Variable assignment table.
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findings 13–16. Prior research has indicated that TPOAb positivity is closely associated with an increased risk of 
recurrent miscarriage, decreased embryo quality, and poor outcomes in assisted reproductive technology (ART) 
pregnancies. One possible mechanism is that TPOAb may affect the immune function at the maternal–fetal 
interface through autoimmune imbalance (such as disruption of the Th1/Th2 balance), thereby increasing the 
risk of embryo implantation failure or pregnancy loss. Furthermore, TPOAb positivity may influence embryo 
development and placental function even in individuals with normal thyroid function, potentially through 
mild fluctuations in thyroid function or underlying thyroid inflammation 3,26. However, there is currently 
no consensus on a defined threshold for TPOAb concentration. Furthermore, this study further clarifies the 
critical value of TPOAb levels in predicting adverse reproductive outcomes as ≥ 500 IU/ml, providing a concrete 
threshold reference for clinical practice. In comparison with the study by Tan et al. 17, it was found that TPO-Ab 
levels exceeding 100 IU/mL did not affect the pregnancy rate in women with normal thyroid function. However, 
our study results reveal a significant association between higher TPOAb concentrations and an increased risk of 
adverse reproductive outcomes. This discrepancy may stem from the heterogeneity in study design, including 
different antibody screening criteria and concentration thresholds. Furthermore, we believe that the presence of 
other potential risk factors, such as age and TSH levels, may also account for the differences in outcomes among 
TPOAb-positive women.

Analysis of influencing factors in nomogram prediction model
This study validated the reliability of the T-test and Logistic regression through statistical power analysis. The 
high power of the Logistic regression indicates that the sample size sufficiently supports the robustness of the 
model. In contrast, some variables in the T-test (such as occupation and smoking history) exhibited lower power, 
necessitating cautious interpretation in light of the limitations of the sample size. This suggests that power 
analysis provides an important basis for model development and result interpretation.

In our study, a novel nomogram model was developed to provide personalized risk prediction for adverse 
reproductive outcomes for patients. According to the model, the critical total score is 77.82, and we use this 
to define risk levels: Patients with a total score below this threshold are considered to be at lower risk and may 
not require immediate intervention; While patients with a total score above this threshold face a higher risk of 
adverse reproductive outcomes, and it is recommended that they undertake preventive treatment measures. This 
model indicates that when multiple risk factors coexist, the risk of adverse reproductive outcomes increases, 

Fig. 3.  ROC curve for the modeling group.
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highlighting the importance of considering various factors in clinical practice to prevent adverse reproductive 
outcomes and avoid unnecessary treatments.

Tim et al.18 indicated that for women with high TPOAb concentrations, if their TSH levels are also ≥ 2.5 mU/L, 
they face a significantly increased risk of adverse pregnancy outcomes. Xie et al.19 also reached a consistent 
conclusion that women who are TPOAb positive and have TSH levels ≥ 2.5 mU/L are at an increased risk of 
miscarriage in early pregnancy. These research findings collectively emphasize the synergistic effect of TPOAb 
and TSH as predictors of pregnancy outcomes. Consistent with this, our study results also show that the risk of 
adverse reproductive outcomes significantly increases when TPOAb levels are ≥ 500 IU/ml and TSH levels are 
between 2.5 and 4.0 mU/L. This highlights the necessity of considering both TPOAb concentrations and TSH 
levels when assessing thyroid function and potential pregnancy risks, which has significant guiding implications 
for clinicians in monitoring and managing women with potentially high-risk pregnancies.

Endometriosis is associated with RPL and may lead to repeated implantation failure or poor embryo quality 
20,21. Our study indicates that the coexistence of high concentrations of TPOAb and endometriosis significantly 
increases the risk of adverse reproductive outcomes. The proposed mechanism may be: TPOAb could be involved 
in the death of autologous immune cells through antibody-dependent cellular cytotoxicity (ADCC) of natural 
killer (NK) cells and complement-mediated cytotoxicity (CDC) of C3, activating the immune system at the 
maternal–fetal interface22. As an estrogen-dependent inflammatory disease, endometriosis’ local inflammatory 
response may affect oocyte quality and early embryonic development, exhibiting a pro-inflammatory state 
of the immune environment, including an increase in NK and T cells and a decrease in macrophages; this 
immune imbalance may further disrupt the immune function at the maternal–fetal interface 23,24. Therefore, 
TPOAb and endometriosis may interact through similar mechanisms, exacerbating oocyte damage, embryonic 
developmental disorders, and immune dysregulation at the maternal–fetal interface, increasing the risk of 
adverse reproductive outcomes.

Advanced maternal age is a well-recognized independent risk factor for miscarriage. Studies indicate that in 
patients over 35 years old, the live birth rate with the use of ART is usually below 30%25, and advanced age is 
a significant risk factor for adverse reproductive outcomes. Women who are TPOAb positive tend to be older 
and may have decreased ovarian reserve and poor embryo quality, with high concentrations of TPOAb being 
associated with a lower live birth rate 26. AMH levels, as an indicator of ovarian reserve, are typically lower in 
TPOAb-positive patients27, suggesting a potential relationship between TPOAb and ovarian reserve. Although 
another case–control study did not find a direct correlation between TPOAb and AMH in women with normal 
thyroid function28,29, the relationship between TPOAb and ovarian reserve remains a question worthy of further 

Fig. 4.  ROC curve for the validation group.
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investigation. Our study results indicate that patients who are aged ≥ 35 years or have AMH ≤ 1.1 ng/ml and high 
TPOAb levels are at a greater risk of adverse reproductive outcomes. This suggests that age, AMH levels, and 
TPOAb positivity may have complex interactions that affect the success rate of pregnancy. Therefore, for this 
specific group, enhanced management and treatment are key to improving the success rate of pregnancy.

Subgroup analysis of adverse reproductive outcomes and differences in model efficacy
Building on the overall analysis, this study further elucidates the differential risk factors and their clinical 
significance among patients with recurrent pregnancy loss (RPL), recurrent implantation failure (RIF), and 
those with non-viable embryos through subgroup analysis. The primary risk factors in the RPL group were 
found to be TSH levels and TPO antibody titers, which further validate the critical roles of thyroid dysfunction 
and immune imbalance in recurrent miscarriage, potentially increasing the risk of miscarriage by affecting 
the immune function at the maternal–fetal interface. In the RIF group, endometriosis emerged as a significant 
risk factor, likely influencing embryo implantation through local inflammation. For the non-viable embryo 
group, the main risk factors identified were age and AMH levels, indicating the crucial roles of ovarian reserve 

Recurrent pregnancy loss Recurrent implantation failure No viable embryos p

n 45 57 58

Age (%) 0.522

 < 30 8 (17.8) 8 (14.0) 9 (15.5)

 30–35 11 (24.4) 17 (29.8) 23 (39.7)

 ≥ 35 26 (57.8) 32 (56.1) 26 (44.8)

Level of education (%) 0.652

 Elementary school and below 3 (6.7) 4 ( 7.0) 5 (8.6)

 Junior high school and high school 19 (42.2) 30 (52.6) 32 (55.2)

 College and above 23 (51.1) 23 (40.4) 21 (36.2)

Profession (%) 0.682

 Physical labor 22(48.9) 32 (56.1) 33 (56.9)

 Intellectual labor 23 (51.1) 25 (43.9) 25 (43.1)

Smoking history (%) 0.948

 No 33 (73.3) 42 (73.7) 44 (75.9)

 Yes 12 (26.7) 15 (26.3) 14 (24.1)

Family relations are harmonious (%) 0.825

 No 34 (75.6) 45 (78.9) 43 (74.1)

 Yes 11 (24.4) 12 (21.1) 15 (25.9)

Infertility duration (%) 0.267

 < 3 19 (42.2) 32 (56.1) 27 (46.6)

 3–5 17 (37.8) 17 (29.8) 26 (44.8)

 ≥ 5 9 (20.0) 8 (14.0) 5 (8.6)

Number of miscarriages (%) 0.293

 ≤ 1 37 (82.2) 46(80.7) 41 (70.7)

 > 1次 8 (17.8) 11 (19.3) 17 (29.3)

AMH (%) 0.289

 > 1.1 ng/ml 26 (57.8) 24 (42.1) 28 (48.3)

 ≤ 1.1 ng/ml 19 (42.2) 33 (57.9) 30 (51.7)

TSH level (%) 0.86

 < 2.5 mIu/L 16 (35.6) 20 (35.1) 18 (31)

 2.5 mIU/L ≤ TSH ≤ 4.0mI U/L 29 (64.4) 37 (64.9) 40 (69.0)

TPOAb(%) 0.579

 ≥ 9 IU/ml ~  ≤ 200 IU/ml 6 (13.3) 6 (10.5) 10 (17.2)

 > 200 IU/ml ~ 500 IU/ml 8 (17.8) 9 (15.8) 5 (8.6)

 ≥ 500 IU/ml 31 (68.9) 42 (73.7) 43 (74.1)

Endometriosis (%) 0.122

 No 24 (53.3) 19 (33.3) 26 (44.8)

 Yes 21 (46.7) 38 (66.7) 32 (55.2)

Metabolic disorder (%)

 No 27 (60) 41 (71.9) 39 (67.2) 0.445

 Yes 18 (40.0) 16 (28.1) 19 (32.8) 0.445

Table 5.  Comparison of demographic and clinical characteristics among the three subgroups.
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and oocyte quality. Additionally, TSH levels and TPO antibody titers may also further reduce embryo quality 
through indirect mechanisms.

The nomogram prediction model demonstrated the best predictive efficacy in the RIF group, indicating its 
significant clinical value in identifying high-risk patients for recurrent implantation failure. The model also 
showed relatively high predictive efficacy in the non-viable embryo group, suggesting its potential application 
in predicting risks associated with decreased ovarian reserve. However, the predictive efficacy of the model in 
the RPL group was relatively low, highlighting the need to incorporate additional variables (such as immune 
markers) in the future to enhance predictive performance. Furthermore, increasing the sample size for the 
assessment of variables with lower statistical power could further improve the reliability of the predictions.

The subgroup analysis results are consistent with the overall conclusions drawn earlier, further revealing 
the heterogeneity of different types of adverse reproductive outcomes and the need for personalized treatment 
approaches. For patients with recurrent pregnancy loss (RPL), it is recommended to closely monitor and 
intervene in thyroid-stimulating hormone (TSH) levels and thyroid peroxidase (TPO) antibody titers to improve 
immune balance. In the case of patients with recurrent implantation failure (RIF), optimizing the endometrial 
environment is crucial, particularly in managing endometriosis, while also incorporating thyroid function 
monitoring to enhance embryo implantation rates. For patients with non-viable embryos, the focus should 
be on improving ovarian reserve and oocyte quality. Additionally, the Nomogram model developed in this 
study provides an effective tool for risk assessment across different subgroups, but its performance still needs 
optimization in specific subgroups (such as RPL) to enhance predictive capability.

Conclusion
This study identified key factors influencing adverse reproductive outcomes in TPOAb-positive patients through 
a retrospective cohort analysis. These factors include age, AMH levels, TPOAb concentration, TSH levels, and the 
presence of endometriosis. Based on these factors, an efficient nomogram prediction model was constructed. The 
model demonstrated good predictive performance in the overall population as well as in subgroups of recurrent 
miscarriage, repeated embryo implantation failure, and cases with no available embryos. The findings indicate 
that even with normal thyroid function, elevated TPOAb concentrations significantly increase the risk of adverse 
reproductive outcomes. This suggests that clinical assessments should incorporate TPOAb concentrations along 
with other relevant factors to achieve personalized risk evaluation and intervention.

However, this study has some limitations that need to be considered in future research. Firstly, the 
retrospective design of this study may limit our ability to infer causal relationships. Secondly, the study sample 
may have selection bias because our data comes from a single center, which may affect the generalizability of the 
results. Furthermore, although we have considered multiple potential confounding factors, there may be other 
unmeasured or unknown factors that have influenced the study results.

Subgroup AUC CI_lower CI_upper AUC_CI

Recurrent pregnancy loss 0.869 0.809 0.929 0.869 (0.809–0.929)

Recurrent implantation failure 0.926 0.889 0.963 0.926 (0.889–0.963)

No viable embryos 0.871 0.818 0.924 0.871 (0.818–0.924)

Table 7.  Evaluation of predictive efficacy for adverse reproductive outcomes in three subgroups.

 

Risk Factors
Overall
OR (95% CI)

Recurrent pregnancy loss
OR (95% CI)

Recurrent implantation failure
OR (95% CI)

No viable embryos
OR (95% CI)

Age ≥ 35
OR = 22.756
95% (6.932–74.702)
P < 0.001

OR = 2.367
95% CI (1.349–4.382)
P = 0.004

OR = 4.273
95% CI (2.385–8.073)
P < 0.001

OR = 5.821
95% CI (2.508–14.946)
P < 0.001

2.5mIu/L ≤ TSH ≤ 4.0mIu/L
OR = 6.965
95%(2.990–16.233)
P < 0.001

OR = 7.584
95%CI (2.818–24.035)
P < 0.001

OR = 5.668
95%CI (2.257–15.090) P < 0.001

OR = 4.882
95%CI (2.510–10.379)
P < 0.001

AMH ≤ 1.1 ng/ml
OR = 3.021
95%(1.355–6.736)
P = 0.007

OR = 1.694
95% CI (0.642–4.360)
P = 0.278

OR = 2.455
95% CI (1.084–5.549)
P = 0.030

OR = 5.295
95% CI (2.172–13.646)
P < 0.001

TPOAb ≥ 500 U/ml
OR = 3.486
95%(1.413–8.599)
P = 0.007

OR = 4.607
95% CI (2.482–9.212)
P < 0.001

OR = 1.892
95% CI (1.111–3.360)
P = 0.023

OR = 1.694
95% CI (1.058–2.781)
P = 0.031

Endometriosis
OR = 3.820
95%(1.691–8.632)
P = 0.001

OR = 2.506
95% CI (0.944–6.586)
P = 0.062

OR = 5.780
95% CI (2.341–16.014)
P < 0.001

OR = 2.740
95% CI (1.160–6.467)
P = 0.021

Table 6.  Multivariable logistic regression analysis of key risk factors in adverse reproductive outcomes and 
subgroups.
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Data availability
The authors confirm that the data supporting the findings of this study are available within the article. Due to 
privacy and ethical restrictions, the full dataset generated during the current study is not publicly available. 
However, a de-identified dataset that supports the study’s findings can be requested from the corresponding 
author upon reasonable request. The request must include a detailed proposal outlining the analysis plan, which 
will be reviewed by the research team for scientific merit and feasibility. Should the request be approved, data 
access will be granted under a data-sharing agreement. This agreement will specify the terms of use, including 
the maintenance of confidentiality and the designated purposes for data usage. The dataset includes de-identi-
fied participant information such as education level, occupation, smoking history, family harmony, duration of 
infertility, number of miscarriages, age, AMH levels, TPOAb concentration, TSH levels, endometriosis status, 
metabolic abnormalities, nighttime sleep duration, and monthly frequency of sexual activity. The data will be 
retained by the research team for future research and are not available for distribution at this time.
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