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Article 
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Does Anti-TPO Accelerate Ovarian Aging? 
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* Correspondence: sefaarlier@gmail.com; Tel.: +90-322-455-90-00-4258 

Abstract 

Background: Thyroid autoimmunity, particularly anti-thyroid peroxidase antibodies (anti-TPO), has 
been implicated in reduced fertility and diminished ovarian reserve. However, the stratified effects 
of anti-TPO across age groups, body mass index (BMI) categories, and polycystic ovary syndrome 
(PCOS) status remain unclear. This study aims to investigate the association between anti-TPO 
positivity and ovarian reserve markers—antral follicle count (AFC), anti-Müllerian hormone (AMH), 
and follicle-stimulating hormone (FSH)— in euthyroid infertile women. Methods: This retrospective 
study included 1,460 infertile women aged 18–45 years, evaluated between 2022 and 2025. 
Participants were categorized based on anti-TPO levels (≥9 vs. <9 IU/mL) using Beckman Coulter-
DXI 800 analyzer, which uses chemiluminescent immunoassays to measure results. BMI (<30 vs. ≥30 
kg/m2), and PCOS status. Age was categorized into five strata (18–25, 25–30, 30–35, 35–40, and 40–55 
years), and (<35 vs. ≥35 years).  Linear regression models were used to assess the impact of anti-TPO 
on AMH and AFC within each subgroup. Additional logistic regression was performed to evaluate 
the odds of diminished ovarian reserve (DOR: AMH <1 ng/mL or AFC <5) after adjusting for age, 
BMI, and TSH. Results: Anti-TPO positivity (17.6% prevalence) was significantly associated with 
reduced AMH (1.47 ± 1.52 vs. 3.33 ± 3.03 ng/mL, p < 0.0001), reduced AFC (8.18 ± 5.06 vs. 15.88 ± 8.18, 
p < 0.0001), and elevated FSH (9.40 ± 6.21 vs. 8.06 ± 4.79 mIU/mL, p = 0.001). These associations 
remained significant in non-obese and PCOS-negative subgroups. Regression models revealed 
stronger associations in younger women (<35 years) and showed significant Anti-TPO × Age and 
Anti-TPO × BMI interactions. Logistic regression confirmed Anti-TPO ≥9 IU/mL as a strong predictor 
of diminished ovarian reserve (AMH <1 ng/mL: OR = 3.13; AFC <5: OR = 6.48). ROC analysis indicated 
modest predictive ability (AUC: 0.665–0.694), and path modeling confirmed direct effects of Anti-
TPO on AMH and AFC independent of TSH or BMI. Conclusion: Elevated Anti-TPO levels are 
independently associated with diminished ovarian reserve in euthyroid women, particularly in 
younger, non-obese, and PCOS-negative individuals. Anti-TPO may serve as a useful biomarker in 
fertility risk assessment and personalized reproductive counseling, even in the absence of overt 
thyroid dysfunction. 

Keywords: anti-TPO; ovarian reserve; AMH; AFC; infertility; autoimmune thyroid disease; PCOS; 
BMI 
 

1. Background 

The ovary is a complex endocrine organ, and its function is closely influenced by systemic 
immune and hormonal homeostasis. Recent studies suggest that anti-ovarian autoantibodies, cross-
reactivity of thyroid antibodies with ovarian tissue, and shared autoimmune pathways may impair 
folliculogenesis and lead to diminished ovarian reserve (DOR) [1–3]. DOR is commonly evaluated 
using serum FSH, AMH levels, and AFC, all of which are reliable predictors of reproductive lifespan 
and responses to assisted reproductive technologies. Several authors have reported lower AMH 
levels and AFC values in anti-TPO-positive women, suggesting a potential pathogenic role for 
thyroid autoimmunity (TAİ) in ovarian aging [4–6]. 
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Autoimmune thyroiditis, most commonly marked by elevated anti-thyroid peroxidase (Anti-
TPO) antibodies, is one of the most prevalent autoimmune conditions among women of reproductive 
age [7–9]. 

Anti-TPO is frequently detected in euthyroid women undergoing infertility workup and has 
been implicated in adverse reproductive outcomes including miscarriage, subfertility, and poor in 
vitro fertilization (IVF) response [8,10–12]. However, the underlying mechanism remains poorly 
understood, and its impact on quantitative ovarian reserve parameters such as AMH, AFC, and FSH 
remains undejour investigation. 

Emerging evidence suggests that thyroid autoimmunity may impair folliculogenesis through 
immune-mediated mechanisms, local inflammation, or direct interaction with ovarian tissue [13–15]. 
Moreover, its effect may be modified by clinical conditions such as PCOS and obesity, which 
independently influence hormonal milieu and follicular dynamics [13,14]. Yet, the interplay between 
Anti-TPO, BMI, PCOS status, and age in shaping ovarian reserve has not been comprehensively 
explored. Therefore, a large-scale, multivariate evaluation of Anti-TPO’s impact on AMH, AFC, and 
FSH across age, BMI, and PCOS subgroups is critically needed to guide early fertility assessment and 
targeted clinical interventions. 

This study aims to fill this knowledge gap by evaluating the association between Anti-TPO 
antibody levels and ovarian reserve markers across distinct clinical subgroups, while systematically 
accounting for the effects of BMI and PCOS. By disentangling these overlapping factors, we aim to 
clarify the role of thyroid autoimmunity in female reproductive aging and identify vulnerable 
subpopulations for early intervention. 

2. Materials and Methods 

2.1. Study Design and Setting 

This retrospective cross-sectional study was conducted at the Reproductive Endocrinology and 
Infertility Unit of the University of Health Sciences, Adana City Hospital, Turkey, between January 
2022 and February 2025. Ethical approval was obtained from the institutional review board (IRB No: 
10.04.2025-442), and informed consent was secured from all participants. The study adhered to the 
Declaration of Helsinki. 

2.2. Study Population and Eligibility Criteria 

A total of 1,460 women aged between 18 and 45 years who applied to the Reproductive 
Endocrinology and Infertility Unit for evaluation and treatment were included. All participants 
underwent a detailed infertility workup, including hormonal evaluation, ovarian reserve assessment, 
and TVUS imaging. 

2.3. Inclusion Criteria 

The study participants were women aged 18 to 45 diagnosed with primary or secondary 
infertility.  Eligibility was restricted to patients with verified euthyroid state, according to 
institutional reference limits for (TSH; 0.4–4.5 mIU/L) and (FT4; 0.9–1.7 ng/dL).  Inclusion required 
extensive clinical and laboratory data, encompassing measurements of Anti-TPO, AMH, AFC, FSH, 
LH, TSH, E2, and BMI.  Additionally, the PCOS status of each participant must be properly recorded 
according to with the Rotterdam criteria. 

Patients were excluded if diagnosed with overt hypothyroidism or hyperthyroidism, had a 
documented history of systemic autoimmune diseases, or had previously undergone thyroid-specific 
pharmacological treatment.  Further exclusion criteria encompassed a history of ovarian surgery, 
endometriosis, chromosomal anomalies, malignancies, or endocrine problems not associated with 
PCOS.  Cases with incomplete hormonal or ultrasound records were excluded to maintain the 
dataset’s validity and reliability. 
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2.4. Data Collection 

Data were extracted from the hospital’s electronic health system and cross-validated by two 
independent researchers. Variables included demographic (age, BMI, infertility duration), hormonal 
(TSH, FT3, FT4, Anti-TPO, AMH, FSH, LH, E2), and ultrasonographic (AFC) findings. PCOS 
diagnosis followed the Rotterdam criteria. 

Subgroup Definitions 
Participants were stratified by anti-TPO levels (≥9 vs. <9 IU/mL, the cutoff reference values of 

the used anti-TPO kits: 9 IU/mL). Anti-TPO kits are used with the Beckman Coulter-DXI 800 analyzer, 
which uses a special testing method called chemiluminescent immunoassays to measure the results, 
BMI categories (Obese: ≥30 kg/m2, Non-obese: <30 kg/m2), and PCOS status (PCOS+, PCOS−). To 
isolate immunologic effects, BMI and PCOS variables were selectively excluded from specific 
subgroup analyses. 

Hormonal assays were performed during the early follicular phase (days 2–5 of the cycle). Anti-
TPO was measured using ELISA; AMH via electrochemiluminescence; FSH, LH, TSH, and E2 via 
automated chemiluminescent assays. AFC was determined by high-resolution transvaginal 
ultrasound (Mindray DC-80, 7.5 MHz probe) by a single expert sonographer. Follicles measuring 2–
10 mm were bilaterally counted. 

Primary outcomes were continuous AMH and AFC values. Diminished ovarian reserve (DOR) 
was defined as AMH <1 ng/mL or AFC <5. Anti-TPO ≥9 IU/mL defined antibody positivity. 
Participants were stratified by Anti-TPO status, age (<35 vs. ≥35 years), BMI (<30 vs. ≥30 kg/m2), and 
PCOS diagnosis. 

2.5. Statistical Analyses 

All analyses were conducted using SPSS version 28(IBM Corp., Armonk, NY).   and Python 
(pandas, matplotlib, statsmodels).  p-value <0.05 was considered statistically significant. Shapiro-
Wilk test assessed normality. Continuous variables were presented as mean ± SD; categorical 
variables as counts (%). Mann-Whitney U, t-tests, and chi-square tests were used as appropriate. 

Spearman correlations evaluated Anti-TPO associations with AMH, AFC, FSH, and E2. Linear 
regression models predicted AMH and AFC using Anti-TPO, adjusting for age, BMI, TSH. Interaction 
terms (Anti-TPO × Age, × BMI, × PCOS) assessed effect modification. 

Logistic regression models predicted DOR (Model A: AMH <1, Model B: AFC <5) including Anti-
TPO, age, BMI, and TSH. ROC curves assessed Anti-TPO predictive performance for AMH <1 ng/mL, 
AFC <5, and FSH >10 mIU/mL. Cut-offs were based on established endocrinology guidelines. 

Interaction Analysis: Interaction terms (Anti-TPO × Age, Anti-TPO × BMI, Anti-TPO × PCOS) 
were included to evaluate modification of Anti-TPO effects. 

2.6. Sample Size and Power 

Power calculations using G*Power 3.1 indicated that for detecting small-to-moderate effect sizes 
(f2 = 0.02), a sample of 395 subjects is sufficient for 80% power at α = 0.05. Our final sample size (n = 
1460) surpassed this threshold. 

Data Quality Assurance: All data entries were cross-validated by two researchers. Variables with 
>5% missingness were excluded. Sensitivity analyses confirmed robustness of results when excluding 
incomplete records. 

2.7. Study Limitations 

This study has several important limitations that warrant consideration. First, the retrospective 
design restricts the ability to infer causality between Anti-TPO positivity and diminished ovarian 
reserve. While significant associations were observed, longitudinal data are necessary to establish 
temporal or causal relationships. 
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Second, AMH and AFC measurements were cross-sectional and not repeated over time. As such, 
we could not assess the trajectory of ovarian reserve decline or determine whether Anti-TPO 
positivity accelerates the rate of decline longitudinally. 

Third, potential unmeasured confounders—including other autoimmune markers (e.g., anti-
thyroglobulin, anti-ovarian antibodies), vitamin D levels, and inflammatory cytokines—were not 
evaluated. These factors may influence both thyroid autoimmunity and ovarian reserve and should 
be considered in future research. 

Fourth, inter-cycle variability in AFC, a known limitation in ultrasound-based follicle 
assessment, could not be fully controlled despite timing measurements during the early follicular 
phase (Day 2–5). 

Finally, while the Anti-TPO cutoff of ≥9 IU/mL provided statistical clarity, Cut-off: 9 IU/mL (own 
laboratory kits reference value), it may not reflect standard thresholds used across different 
laboratories or populations. Variability in assay sensitivity and reference ranges may affect the 
external validity and generalizability of these findings. Future prospective, multi-center studies 
incorporating dynamic hormonal assessments and broader immunologic profiling are needed to 
confirm and expand upon these results. 

2.8. Results 

In this study cohort of 1,460 infertile women, 17.6% (n = 257) were classified as Anti-TPO positive 
(≥9 IU/mL), and 82.4% (n = 1,203) were Anti-TPO negative (<9 IU/mL). Comparative analysis between 
groups revealed several statistically significant differences in reproductive and endocrine 
parameters. The mean age was slightly higher in the Anti-TPO positive group (32.60 ± 5.75 years) 
than in the Anti-TPO negative group (31.44 ± 5.66 years), although this difference did not reach 
statistical significance (p = 0.554). Similarly, BMI values were comparable between groups (26.37 ± 
3.68 vs. 26.15 ± 3.47 kg/m2, p = 0.564), and no significant difference was found in the proportion of 
obese women (BMI ≥30 kg/m2; 14.8% vs. 17.7%, p = 0.213). The prevalence of polycystic ovary disease 
(PCOD) was significantly lower in the Anti-TPO positive group (8.5%) compared to the Anti-TPO 
negative group (26.6%) (p = 0.001), indicating a possible inverse relationship between thyroid 
autoimmunity and the PCOS phenotype. In terms of ovarian reserve markers, both antral follicle 
count (AFC) and anti-Müllerian hormone (AMH) levels were significantly reduced in Anti-TPO 
positive women. AFC was nearly halved (8.18 ± 5.06 vs. 15.88 ± 8.18; p < 0.001), and AMH levels were 
markedly lower (1.47 ± 1.52 vs. 3.33 ± 3.03 ng/mL; p < 0.001). These results strongly suggest an 
association between thyroid autoimmunity and diminished ovarian reserve (DOR), even in euthyroid 
individuals. 

Conversely, FSH levels were significantly elevated in Anti-TPO positive women (9.40 ± 6.21 vs. 
8.06 ± 4.79 mIU/mL; p < 0.001), consistent with a compensatory response to reduced ovarian reserve. 
Interestingly, LH levels were significantly lower in the Anti-TPO positive group (5.92 ± 3.84 vs. 6.64 
± 4.41 mIU/mL; p = 0.015), while estradiol (E2) levels did not significantly differ (p = 0.735). 

Regarding thyroid function parameters, TSH levels were significantly higher in the Anti-TPO 
positive group (2.21 ± 1.11 vs. 1.92 ± 0.82 mIU/mL; p = 0.001), although all participants remained 
within euthyroid limits. No significant differences were observed in free T3 (p = 0.283) or free T4 (p = 
0.072) levels. 

Table 1. Baseline Demographic and Laboratory Characteristics by Anti-TPO Status. 

 Anti-TPO (-) 
(n = 1203) 

Anti-TPO (+) 
(n = 257) 

p value 

Age (year) 31,45±5,66 32,61±5,76 0.033 

BMI (Kg/m2)  26,15±3,48 26,37±3,69 0.469 
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Obesity BMI (Kg/m2) ≥30 
(n) 144(17,7%) 38(14,8%) 0,213 

Duration of infertility 
(mounts) 61,19±18,84 61,24±19,17 0.963 

Number of antral follicle 
count (AFC) (n) 

15,88±8,18 8,18±5,06 <0.001* 

Anti-Mullerian hormone 
(AMH) ng/Ml 

3,34±3,04 1,47±1,53 <0.001* 

Day 3 Follicle-stimulating 
hormone (FSH), mIU/ml 8,06±4,79 9,40±6,21 0.001* 

Day 3 Luteinizing hormone 
(LH), mIU/ml 6,65±4,42 5,92±3,85 0.015* 

Day 3 Estradiol (E2), pg/ml 40,51±26,36 39,85±22,60 0.741 

Troide-stimulating 
hormone (TSH), mIU/ml 

1,93±0,83 2,22±1,11 0,002* 

FreeTriiyodotironin (Ft3), 
pg/mL 3,48±0,41 3,46±0,42 0.482 

Free Tiroksin (Ft4), ng/dL 0,93±0,13 0,92±0,14 0.176 

Continuous data were summarized with mean ± standard deviation. Categorical variables were 
collected as numbers and percentages. The Chi-square or Fisher’s exact tests were used to compare 
proportions between groups Independent Samples T-test was used to compare continuous 
variables with normal distribution, and Mann-Whitney U test was used for non-normal variables. 
p< 0.05 was consider to be statistically significant.  Different superscripts indicate significant mean 
differences. 

Our analysis indicated that anti-TPO and AMH are negatively correlated, with a correlation 
coefficient of -0.38 (p < 0.001). Additionally, anti-TPO and AFC also show a negative correlation of -
0.36 (p < 0.001). Conversely, anti-TPO and FSH exhibit a positive correlation of +0.11 (p = 0.028). There 
was no significant relationship observed with E2. These findings were consistent across stratified age 
groups, with stronger negative correlations observed in women <35 years and in the non-obese 
subgroup. 

Figure 1: Correlation Between Anti-TPO and Ovarian Reserve Markers. 
Multivariate linear regression showed a strong negative relationship between anti-TPO levels 

and both AMH and AFC, regardless of age and BMI. In non-obese women (BMI < 30), higher anti-
TPO levels were linked to lower AMH (β = -0.003, p < 0.001) and AFC (β = -0.014, p < 0.001). In non-
obese women (BMI < 30), anti-TPO was negatively associated with AMH (β = -0.003, p < 0.001) and 
AFC (β = -0.014, p < 0.001). In obese women (BMI ≥ 30), the association remained significant but 
weaker: AMH (β = -0.005, p = 0.001), AFC (β = -0.023, p < 0.001). When we looked at how different 
factors interacted, the combination of anti-TPO and age had a strong effect on AMH levels (p < 0.001) 
and AFC levels (p < 0.001). Anti-TPO × BMI interaction was also significant for AMH (p < 0.001). 
These findings suggest that the impact of thyroid autoimmunity on ovarian reserve is age- and BMI-
dependent, with more pronounced effects in younger, non-obese women. Anti-TPO positivity was 
more frequent in women aged ≥35 (p = 0.003) and those with lower AFC counts (p < 0.001). 

Figure 1: Correlation Between Anti-TPO and Ovarian Reserve Markers. 
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Figure 1. Spearman correlation coefficients illustrating the relationships between Anti-TPO antibody levels and 
key ovarian reserve markers: Anti-Müllerian Hormone (AMH), Antral Follicle Count (AFC), and Follicle 
Stimulating Hormone (FSH). Negative correlations were observed between Anti-TPO and both AMH (r = -0.38, 
p < 0.001) and AFC (r = -0.36, p < 0.001), indicating potential autoimmune-mediated impairment of ovarian 
reserve. A weak positive correlation was found with FSH (r = 0.11, p = 0.028). These patterns were more 
pronounced in younger (<35 years) and non-obese patients, supporting the hypothesis that thyroid 
autoimmunity may be an early marker of reproductive compromise. 

Figure 2: Anti-TPO Effects on AFC and AMH by Age and BMI Subgroups. 

 

Figure 2. This figure illustrates the differential effects of Anti-TPO positivity (≥9 IU/mL) on ovarian reserve 
markers Anti-Müllerian Hormone (AMH, Panel A) and Antral Follicle Count (AFC, Panel B) across combined 
Age/BMI subgroups. Statistically significant differences (p < 0.05) are marked with an asterisk (*). Panel A shows 
that Anti-TPO positive women had significantly lower AMH levels compared to Anti-TPO negative 
counterparts in all subgroups except the oldest and heaviest group (≥35 & BMI ≥30). Similarly, Panel B shows 
Anti-TPO positivity was significantly associated with lower AFC values in all but the ≥35 & BMI ≥30 group, 
where the difference did not reach significance. These findings suggest that the negative impact of thyroid 
autoimmunity on ovarian reserve is more pronounced in younger and non-obese women. 
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The interaction model with age demonstrated that the negative effect of anti-TPO on AMH levels 
intensified with advancing age. This result supports the hypothesis that younger women, particularly 
those under 35, may be more vulnerable to subclinical reproductive compromise due to autoimmune 
thyroid involvement. We looked closely at different age groups using 5-year ranges (18–25, 26–30, 
31–35, 36–40, and 41–45 years) and also compared those under 35 to those 35 and older. In all age 
groups under 45, AMH and AFC levels were much lower in the anti-TPO ≥ 9 group, with the most 
significant difference seen in the 30–35-year age group (AMH β = -0.0035, p = 0.017; AFC β = -0.52, p 
= 0.023). We detected no significant difference among women aged 40–45 years, suggesting that age-
related ovarian decline may obscure the impact of anti-TPO. 

Figure 2: Anti-TPO Effects on AFC and AMH by Age and BMI Subgroups. 
Figure 3: Age-Stratified Regression Coefficients (β) for Anti-TPO on AMH and AFC. 
Our analyses demonstrated that p-values for AMH and AFC comparisons across anti-TPO 

groups remained <0.05 in women <40 but not in older age groups. The regression models showed 
that the effects of anti-TPO decreased as age increased (AMH interaction β = +0.00048, p = 0.008; AFC 
interaction β = +0.00153, p = 0.002). Analyses were repeated in BMI-stratified subgroups (<30 vs. ≥30 
kg/m2). In non-obese women (n = 1278), AMH and AFC levels were significantly lower in anti-TPO ≥ 
9 patients (AMH β = -0.00297, p = 0.001; AFC β = -0.412, p = 0.003). In obese women (n = 182), the 
association was women with PCOS (n = 342, 23.4%), the levels of anti-TPO were less impactful. Anti-
TPO levels did not have a significant effect on AMH (p = 0.116) or AFC (p = 0.430), probably because 
this group already has a high ovarian reserve. In women without PCOS (n = 1118), anti-TPO was 
strongly linked to lower AMH (β = -0.0018, p < 0.0001) and AFC (β = -0.33, p = 0.001), highlighting 
how thyroid autoimmunity affects those without PCOS. In women who do not have PCOS (n = 1118), 
anti-TPO was strongly connected to lower AMH (β = -0.0018, p < 0.0001) and AFC (β = -0.33, p = 
0.001), showing how thyroid autoimmunity impacts those without PCOS. The study highlights the 
association between anti-TPO positivity and PCOS. Anti-TPO positivity was significantly less 
frequent in the PCOS group (22 out of 342, 1.5% of total cases) compared to the non-PCOS group (235 
out of 1118, 16.1% of total cases). Conversely, anti-TPO negativity was more prevalent among PCOS 
patients (320 out of 342, 21.9%) than anti-TPO positivity (1.5%). These findings suggest that anti-TPO 
positivity is significantly lower in women with PCOS compared to those without. 

Figure 3: Age-Stratified Effects of Anti-TPO on AMH and AFC 

 

Figure 3. Age-stratified beta coefficients for the association between Anti-TPO positivity (≥9 IU/mL) and ovarian 
reserve markers. The left plot illustrates the effect on Anti-Müllerian Hormone (AMH), and the right plot shows 
the effect on Antral Follicle Count (AFC). Both graphs indicate a progressively decreasing negative impact of 
Anti-TPO as age increases, with the most pronounced differences observed in the 30–35-year age group (AMH 
β = -0.0035, p = 0.017; AFC β = -0.52, p = 0.023). No significant differences were observed in the 40–45 age group, 
suggesting that the physiological decline in ovarian reserve with age may mask the effect of thyroid 
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autoimmunity. These findings highlight the need for age-specific risk stratification when assessing autoimmune-
related reproductive compromise. 

Figure 4: Anti-TPO Effects on Ovarian Reserves Across Subgroups 
Two logistic regression models evaluated the predictive value of anti-TPO for diminished 

ovarian reserve (DOR): AMH < 1 ng/mL: OR = 3.13 [95% CI: 2.03–4.83], p < 0.0001. AFC < 5: OR = 6.48 
[95% CI: 3.82–11.00], p < 0.0001. These associations persisted after adjusting for age, BMI, and TSH. 
The effect was strongest in non-obese, PCOS-negative women <35 years. Higher levels of anti-TPO 
(≥9 IU/mL) are linked to lower AMH and AFC, higher FSH, and a greater chance of having reduced 
ovarian reserve. These effects are most pronounced in younger (<35), non-obese, and PCOS-negative 
women. Age moderates the anti-TPO effect, with diminished impact in women >40. Logistic and 
linear models provide consistent support for anti-TPO as an independent risk factor for ovarian 
compromise. 

 
Figure 4. Legend: This figure illustrates the beta coefficients from multivariate linear regression analyses 
showing the effect of Anti-TPO positivity on AMH (left panel) and AFC (right panel) across various clinical 
subgroups. Significant negative effects were observed in women under 35, non-obese women (BMI < 30), and 
women without PCOS. In contrast, the association was weaker and statistically non-significant in women aged 
≥35, those with obesity (BMI ≥ 30), and those with PCOS. These findings suggest that the detrimental impact of 
thyroid autoimmunity on ovarian reserve is more pronounced in younger, non-obese women without PCOS. 

Figure 5: Comparison of AMH and AFC Levels by Age, BMI, and Anti-TPO Status 
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Figure 5. This grouped bar chart illustrates the differences in Anti-Müllerian Hormone (AMH) and Antral 
Follicle Count (AFC) levels across four stratified categories: <35 & Non-Obese, <35 & Obese, ≥35 & Non-Obese, 
and ≥35 & Obese, further separated by Anti-TPO status (<9 IU/mL vs. ≥9 IU/mL). A marked decline in AMH and 
AFC is evident in the Anti-TPO ≥9 IU/mL subgroups, especially in younger, non-obese individuals, suggesting 
stronger autoimmune effects in this demographic. These results highlight the age- and BMI-dependent impact 
of thyroid autoimmunity on ovarian reserve. 

The ROC curve analysis for all patients, including women with PCOD and obesity, indicated 
that anti-TPO levels were the most effective at predicting AFC<5 (AUC = 0.694) and AMH<1 ng/mL 
(AUC = 0.665). However, the ability to predict FSH > 10 was weaker (AUC = 0.564). The ability to 
predict FSH > 10 was not as strong (AUC = 0.564). The predictive ability for FSH > 10 was weaker 
(AUC = 0.564). We determined the optimal anti-TPO cutoff values to be >10 IU/mL for AFC and >3 
IU/mL for both AMH and FSH. 

Figure 5: Comparison of AMH and AFC Levels by Age, BMI, and Anti-TPO Status 
Figure 6: ROC Curve Analysis of Anti-TPO Predictive Ability 
Structural equation modeling (SEM) demonstrated that anti-thyroid peroxidase (Anti-TPO) 

antibody levels exert significant direct negative effects on both ovarian reserve markers: AMH (β = -
0.015, p < 0.001) and AFC (β = -0.39, p = 0.002). Importantly, these associations were independent of 
TSH levels, suggesting a thyroid autoimmunity-specific effect rather than one mediated by thyroid 
hormone alterations. The analysis did not reveal any significant indirect effects through BMI or TSH, 
reinforcing the direct autoimmune pathway hypothesis. Among all variables in the model, age 
emerged as the strongest mediator, influencing both AMH and AFC substantially, consistent with 
established literature on reproductive aging. These findings underscore the primary immunologic 
pathway linking Anti-TPO antibodies to ovarian reserve depletion, especially when confounders 
such as BMI and thyroid function are accounted for. The multivariate model revealed significant 
direct effects of Anti-TPO, age, and their interactions on FSH levels. While BMI and PCOS alone had 
marginal effects, higher-order interactions highlighted that the impact of thyroid autoimmunity on 
gonadotropin regulation is more pronounced in younger, non-obese, and PCOS-negative 
individuals. These findings support the hypothesis that FSH elevations observed in Anti-TPO 
positive women may reflect early follicular depletion independent of TSH modulation. 

Figure 6: ROC Curve Analysis of Anti-TPO Predictive Ability 

 
Figure 6. Legend: Receiver Operating Characteristic (ROC) curve illustrating the discriminatory ability of Anti-
TPO levels for predicting diminished ovarian reserve indicators. Anti-TPO demonstrated moderate predictive 
performance for AFC <5 (AUC = 0.694) and AMH <1 ng/mL (AUC = 0.665), while it showed a lower predictive 
accuracy for FSH >10 mIU/mL (AUC = 0.564). 
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Figure 7. Path Diagram Depicting Structural Relationships Among Anti-TPO, TSH, BMI, Age, 
AMH, and AFC. 

 

Figure 7. This figure illustrates the results of structural equation modeling evaluating the direct and indirect 
effects of anti-thyroid peroxidase antibodies (Anti-TPO) on ovarian reserve parameters—anti-Müllerian 
hormone (AMH) and antral follicle count (AFC). Solid lines represent significant direct effects. Anti-TPO exerted 
a strong direct negative effect on both AMH (β = -0.015, p < 0.001) and AFC (β = -0.39, p = 0.002), independent of 
TSH. Indirect effects through BMI and TSH were nonsignificant. Age remained a dominant covariate affecting 
both AMH and AFC, reflecting its well-established role in reproductive aging. 

3. Discussion 

This study provides compelling evidence that elevated Anti-TPO antibody levels are 
independently associated with impaired ovarian reserve, even in women with normal thyroid 
function. Consistent with prior studies, our findings highlight significant reductions in AMH and 
AFC, along with subtle increases in FSH, among Anti-TPO-positive individuals. These observations 
reinforce the role of thyroid autoimmunity (TAI) as a pathophysiological mechanism in reproductive 
aging, extending beyond classical hypothyroidism and supporting the growing emphasis on 
subclinical markers in fertility assessments [1,3]. 

Anti-TPO positivity, present in 18.4% of our cohort, closely parallels rates reported in other 
studies examining infertile populations, where estimates range from 18% to 27% [1,3,13]. Huang et 
al. noted a 20% TAI prevalence in infertile women without overt hypothyroidism, and Domniz and 
Meirow identified Anti-TPO in 24–27% of women with premature ovarian insufficiency (POI), 
positioning Anti-TPO as a prognostic biomarker for autoimmune reproductive compromise [3,13]. 
Importantly, our data demonstrate that these associations persist after controlling for age, BMI, and 
PCOS, suggesting a direct autoimmune insult on ovarian function. 

Our analysis revealed notable interactions between PCOS and TAI. PCOS is characterized by 
chronic low-grade inflammation, insulin resistance, and anovulation, often accompanied by elevated 
AMH and AFC due to impaired follicular recruitment [15–17]. These hormonal elevations can 
obscure early autoimmune-related ovarian damage. Our subgroup analysis confirmed that Anti-TPO 
effects on AMH and AFC were less pronounced in PCOS patients, particularly in younger 
individuals. However, with advancing age or coexisting obesity, this masking effect diminished, 
leading to accelerated ovarian aging [15,16,18]. These results align with findings from Adamska et al. 
and Huang et al., who reported that while Anti-TPO positivity is less frequent in PCOS, its presence 
correlates with poorer ovarian reserve [19,20]. The bidirectional relationship between PCOS and 
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thyroid autoimmunity is complex, potentially driven by shared genetic, metabolic, and immunologic 
mechanisms [20,21]. 

Obesity emerges as a critical modifier in the autoimmune–reproductive axis [22,23]. Our 
analysis, consistent with reports by Altuntaş et al. and Croce et al., shows that while obesity elevates 
AMH and AFC in early reproductive years, this effect diminishes post-30 years of age, resulting in a 
steeper decline in ovarian reserve among Anti-TPO-positive individuals [14,22]. Adipose tissue acts 
as an endocrine organ, contributing to systemic inflammation and cytokine production, which may 
synergize with autoimmune pathways. Interestingly, while BMI significantly modulates AMH and 
AFC levels, our multivariate models indicate that it does not fully mediate Anti-TPO’s impact, 
underscoring a distinct and independent autoimmune effect. These findings support prior 
conclusions that obesity may attenuate but not eliminate the reproductive risks conferred by thyroid 
autoimmunity [4,5,24,25]. 

Our path analysis further confirmed direct effects of Anti-TPO on both AMH and AFC, 
independent of TSH and BMI. This underscores the notion that anti-thyroid antibodies may exert 
local cytotoxic effects on ovarian granulosa cells, impairing folliculogenesis and contributing to 
follicular atresia [4–6,12,26,27]. AMH emerged as a more sensitive biomarker than AFC, likely due to 
its endocrine regulation, while FSH remained largely unaffected—reflecting its regulation at the 
hypothalamic-pituitary level [4–6,12,26–28]. These mechanistic insights are reinforced by prior 
studies suggesting granulosa cell apoptosis, immune cell infiltration, and ovarian microvascular 
damage as possible outcomes of thyroid-directed autoimmunity [17,21,29–32]. 

Anti-TPO also appears to serve as a subclinical indicator of broader metabolic disruption. 
Previos studies reported that Anti-TPO positivity precedes insulin resistance by approximately one 
year, highlighting its potential utility as an early warning marker for metabolic and reproductive 
compromise [24,29,33]. Given the established link between insulin resistance and ovarian 
dysfunction—especially in PCOS—anti-TPO screening may offer an upstream approach to risk 
stratification. These results advocate for a paradigm shift in infertility workups, where thyroid 
antibody profiling is integrated with hormonal and metabolic assessments, particularly in women 
under 35 years with unexplained infertility or preserved TSH levels. 

Regional data add another layer of clinical relevance. Elevated Anti-TPO prevalence in PCOS 
populations across specific geographies, including our study region, may reflect environmental 
iodine intake, genetic susceptibility, or laboratory variation in assay sensitivity. Regardless, these 
findings support a broader application of thyroid antibody testing in reproductive endocrinology, 
not limited to patients with overt hypothyroidism [34]. 

Our study also evaluated ovarian reserve trajectories across age and BMI strata. The steepest 
declines in AMH and AFC occurred in Anti-TPO-positive women aged over 30, with or without 
PCOS. This age-dependent vulnerability, coupled with autoimmune factors, could represent an early 
phase of ovarian senescence [15,21,34]. The synergy between age-related immune changes and 
autoimmune activation may amplify follicular loss, especially in genetically predisposed individuals 
[6,26,29,35]. Importantly, Anti-TPO’s predictive power for DOR, defined by AMH < 1 ng/mL or AFC 
< 5, remained robust in logistic models even after adjusting for TSH. ROC analyses supported these 
findings, identifying Anti-TPO as a moderately effective predictor of DOR, with optimal cut-off 
values around 9–10 IU/mL. 

Our clinical findings indicate that anti-TPO should be regarded as a significant marker of ovarian 
dysfunction rather than a benign spectator. In younger, euthyroid women with fertility concerns, 
anti-TPO testing may facilitate earlier diagnosis, inform treatment timelines, and prompt fertility 
preservation counseling. Integrating anti-TPO into fertility risk models could improve individualized 
care and help identify women who may benefit from immunological or endocrinological 
interventions. 

4. Clinical Recommendations 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2025 doi:10.20944/preprints202510.1265.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.1265.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 15 

 

The study recommends routine anti-TPO antibody screening for infertile women under 35, even 
with normal thyroid hormone levels. This integrated approach stratifies infertility risk, personalizes 
fertility care, and could benefit young, non-obese women. 

5. Study Strengths and Limitations 

The study on thyroid autoimmunity and ovarian function, despite limitations like retrospective 
nature and single-center setting, offers valuable insights into the relationship between thyroid 
autoimmunity and ovarian function, requiring further prospective, multicenter investigations. 

6. Future Directions 

The study recommends further research on thyroid autoimmunity in female reproductive 
health, including cohort studies, genomic profiling, and incorporating autoimmune markers into 
fertility evaluations for improved treatment planning. 

7. Conclusions 

In conclusion, anti-TPO antibodies are significantly associated with reduced ovarian reserve, 
independent of thyroid function status. Their effects are particularly evident in younger, non-obese, 
and PCOS-negative women, but may be obscured in obese or PCOS patients until later reproductive 
stages. This study supports the use of anti-TPO as an early biomarker for reproductive aging and 
underscores the value of autoimmune screening in fertility evaluation. Future research should 
explore the mechanistic underpinnings of TAI-induced ovarian dysfunction and evaluate potential 
therapeutic interventions targeting immune modulation in anti-TPO-positive women. 
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