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ABSTRACT
Background: Autoimmune dysfunction is a recognized contributor to primary ovarian insufficiency (POI), and antinuclear antibodies (ANA) are widely used to assess autoimmune activity. Although many studies have examined the association between ANA and POI, their findings remain inconsistent. This meta-analysis aims to clarify the correlation between ANA positivity and POI and to evaluate the potential of ANA as a serological marker of autoimmune involvement in POI.
Methods: We systematically searched PubMed, EMBASE, Cochrane Library, CNKI, VIP, and WanFang Data for case-control studies published up to August 2024. Manual reference screening was also performed. Studies comparing antinuclear antibody (ANA) positivity between women with primary ovarian insufficiency (POI) and controls were included. A random-effects model was used to calculate pooled odds ratios (ORs) with 95% confidence intervals (CIs). Heterogeneity and publication bias were assessed using the I² statistic and Begg’s test.
Results: According to the analysis of all 13 studies, ANA positivity was significantly associated with POI (OR 2.57, 95% CI: 1.62–4.08, Z=4.001, P < 0.001). No significant heterogeneity was observed in the primary outcome (I2 = 11.9%). Subgroup analyses revealed statistically significant associations in the following: (1) FSH > 40 U/L subgroup (OR = 2.74, 95% CI: 1.78–4.21, I2 = 0%); (2) age < 35 subgroup (OR = 2.83, 95% CI: 1.73–4.63, I2 = 3.8%); (3) indirect immunofluorescence (IIF) subgroup (OR = 3.22, 95% CI: 1.28–8.09, I2 = 34.6%) and dot immunogold filtration assay (DIGFA) subgroup (OR = 3.84, 95% CI: 1.31–11.27, I2 = 0%); (4) non-ovarian infertility controls (OR = 4.42, 95% CI: 1.25–15.60, I2 = 0%), healthy controls (OR = 2.13, 95% CI:1.23–3.68, I2 =0%), and hypogonadotropic amenorrhea controls (OR = 6.62, 95% CI: 2.25–19.52, I2 = 0%) groups.
Conclusion: ANA positivity is significantly associated with an increased risk of POI, supporting its potential role as a serological marker for early screening. Routine ANA testing may be particularly valuable in women under 35 years of age or with FSH > 40 IU/L. Future large-scale studies should focus on optimizing ANA detection methods (e.g., enzyme-linked immunosorbent assay [ELISA] vs. IIF), quantifying titers, and evaluating nuclear patterns to improve diagnostic accuracy and clinical applicability.
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INTRODUCTION
The definition of premature ovarian failure(POF) was first formally proposed in 1967, which refers to the cessation of menstruation occurring after puberty and before the age of 40, accompanied by symptoms such as hot flashes, infertility, and atrophy of the reproductive organs. 1 Subsequently, supplemented by numerous relevant studies, the European Society of Human Reproduction and Embryology (ESHRE) advocated in 2016 to replace the concept of premature ovarian failure with premature ovarian insufficiency (POI). 2The global incidence of POI is approximately 3.5%, and it is showing a trend towards affecting younger individuals. 3 POI is one of the significant causes of female infertility. In addition to menstrual irregularities, hot flashes, vaginal dryness, and insomnia resulting from decreased ovarian function and inadequate hormone secretion, POI also presents potential risks such as sudden cardiovascular events, cognitive impairment, and decreased bone density. These risks constantly impact the quality of life for women. 4
The pathogenesis of POI is currently unclear, but accumulating evidence suggests that autoimmune‑mediated inflammation plays a pivotal role; approximately 30% of cases are associated with autoimmune disorders. 5 Antiovarian antibodies can be detected in 24% to 73% of patients with POI. Other antibodies with high detection rates in POI include anti-steroidogenic cell antibodies, anti-zona pellucida antibodies, anti-cardiolipin antibodies, anti-nuclear antibodies, and anti-adrenal cortex antibodies. However, further research is needed to determine their sensitivity and specificity. 6 ANAs refer to a group of autoantibodies that target various components of the cell nucleus. Persistent positive or high titers of ANA often indicate certain autoimmune diseases. 7 Therefore, ANA is often used to detect the status of autoimmune responses. Recent experimental data indicate that ANA‑associated immune complexes can activate complement and cytokine cascades (e.g., IL‑6, TNF‑α), potentially accelerating follicular depletion and functional decline. 8 In early studies, numerous cross-sectional studies targeting POI have indicated that patients with premature ovarian failure more commonly test positive for ANA compared to the general adult population. 9,10 Some researchers have found that the rate of positive ANA is reported to be between 42% and 77% among women with POI who have normal chromosomes. 11 A similar result was also found in a study where, following a micro-laparoscopy examination, the rate of positive ANA showed an increasing trend as the ovarian morphology approached normal. 12 Multiple studies have indicated that there is a certain association between ANA and non-genetic factors in the development of POI. 13-15 However, there are also several clinical research findings that indicate no significant difference in the rate of positive ANA between patients with POI and healthy control groups. 16-18 This discrepancy may be due to variations in the methods of ANA detection, thresholds, and criteria for determining positivity across different studies, as well as differences in the selection of populations for testing and control groups.
Given the discrepancies in these research findings, we conducted a meta-analysis to evaluate the association between the rate of positive ANA and the development of POI. This study aims to (1) compare the rate of positive ANA between patients with POI and the control group, (2) explore the consistency of the domain results among all of the potential factors. By clarifying whether ANA‑reflected inflammation is linked to POI, this study aims to provide recommendations for research standards regarding ANA detection methods, study populations, and control groups in further clinical research on patients with POI.

METHODS
This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline (Supplementary file 1). This study has been prospectively registered at PROSPERO (CRD42023401002)。
Search Strategy
We used the combination of Medical Subject Headings (MeSH) and free-text terms (and their variants): The keywords “antibodies, antinuclear”, “antinuclear, antinuclear antibodies”, “antibody antinuclear”, “primary ovarian insufficiency”, “premature ovarian failure”, “ovarian aging” were used to search PubMed, EMBASE, Cochrane library, CNKI, VIP Periodical, WanFang Data up to August 2024 to identify eligible studies. No language restrictions were applied; English‑ and Chinese‑language records were screened, and articles in other languages were translated when necessary. Moreover, the reference lists from relevant studies were manually searched for potentially eligible articles. The complete search strategies for each database are available in the eTable1 in Supplement.
Study selection
Inclusion and Excluded Criteria: Studies were eligible for inclusion if they (1) Case-control studies were included; (2) Serum ANA levels were compared between POI patients and controls, and The data of serum ANA levels were available(mean/standard deviation or median/range or median/interquartile interval was provided); (3) POI patients①age <40 years, ③amenorrhea for > 6 months, ③FSH > 20 IU/L (two times apart more than one month); (4)Control were selected by the groups:①Age-matched women with hypogonadotropic amenorrhea;②healthy women with natural menopause;③Age-matched healthy females);④Non-ovarian factor infertility. Studies were excluded if they (1) Literatures of non-human studies; (2) Review articles and conference abstracts; (3) Studies without available abstracts or full articles were excluded. If conference abstracts and published full-length articles were carried out on the same population, the latter were included. Studies published in languages other than English or Chinese were translated for eligibility assessment, but none met all inclusion criteria.
Data Extraction
Duplicate studies were removed using EndNote X9 software, and 2 reviewers (T.J.Z.P. and Z.X.H.) separately selected search results based on titles and abstracts. Assessment of full-text articles to determine eligibility of the remaining studies was conducted by the same 2 reviewers. Data will be extract by using a pre-designed and standard data extraction form including the following information: name of first author, year of publication, Research Publication Area, research type, the definition of Premature Ovarian Insufficiency (POI), controls population type, Average age, ANA detect methods and positive cutoff and number of events in each group.
Any disagreement between reviewers will be resolved either by discussion or with the assistance by the third reviewer (Z.Q.L.). If some key information is missing or additional data from the studies are unclear, we will contact the author team of their studies. A detailed description of reasons for exclusion is available in eTable 2 in the Supplement, and the study selection process is shown in Figure 1. We also recorded control group type (e.g., healthy, non-ovarian infertility, hypogonadotropic amenorrhea) and stratified them in subgroup analyses to assess potential confounding effects arising from differences in underlying immune or hormonal status.
Quality Assessment
The Newcastle–Ottawa Scale (NOS) was used to evaluate the quality of the included studies. Two reviewers were involved in the quality assessment process (T.J.Z.P. and Z.X.H.), and disagreements were resolved through discussion or with the assistance of a third reviewer (Z.Q.L.). The NOS assesses studies based on three domains: selection, comparability, and exposure/outcome, with a maximum score of 9. In this review, studies were categorized as high quality (7–9 points), moderate quality (4–6 points), or low quality (0–3 points), in accordance with established guidelines.
Meta-Analysis
Meta-analysis was performed using Stata14 software. The effect size of continuous data was described by mean deviation (MD) and its 95% CI, and the effect size of count data was described by odds ratio (OR) and 95% CI. The I2 statistic was used to assess statistical heterogeneity. Given the expected clinical heterogeneity across studies—such as differences in ANA detection methods, diagnostic criteria, and patient characteristics—we employed a random-effects model throughout all analyses, regardless of the I2 value. A two-tailed P-value < 0.05 was considered statistically significant. Funnel plots and Begg's linear regression test were also used to assess potential publication bias.

RESULTS
Summary of the literature review
The literature selection process is shown in Figure 1. A total of 339 relevant articles were retrieved from the selected databases. Ninety-two of them were removed because of duplication. After browsing titles and abstracts, we excluded 226 articles with inconsistent types or that lacked accessible full texts. After further review of the full text, we excluded irrelevant studies and ultimately included 13 articles with a total of 1593 participants (918 POI cases and 675 controls).16-28 
Study Characteristics
All of the articles were case-control studies published from 1991 to 2021. The basic characteristic information of the included studies is shown in Table 1. Among the 13 included studies, 1 study defined the diagnosis of POI as less than 35 years of age with a serum FSH ≥ 20 IU/L, 1 study defined the diagnosis of POI as serum FSH > 27 IU/L, and the remaining 11 studies defined the diagnostic criteria as less than 40 years of age, the presence of symptoms such as amenorrhea, and a serum FSH > 40 IU/L. Data from 7 studies used indirect immunofluorescence (IIF) with HEp-2 cells as substrates for ANA detection, 3 studies used ELISA for ANA detection, 2 studies used dot Immunogold Filtration Assay (DIGFA) for ANA, and 1 study used protein microarray for ANA detection. The quality of all included studies was high, as shown in Table 2. Registration for this article has been completed in PROSPERO (CRD42023401002).
The relationship between ANA positivity rate and POI
According to the analysis of all 13 studies, ANA positive was positively correlated with POI, and the results were statistically significant (OR 2.57, 95%CI: 1.62–4.08, Z=4.001, P < 0.001, Figure 2). The heterogeneity analysis showed an I2 value of 11.9% with a p-value of 0.326, indicating low to moderate heterogeneity among the included studies. This level of heterogeneity suggests that the observed effect is relatively consistent across studies.
Potential sources of heterogeneity may include differences in diagnostic criteria for POI, variations in ANA detection methods (e.g., indirect immunofluorescence, ELISA, DIGFA), population demographics such as age or menopausal status, and differing thresholds for defining ANA positivity. Although these methodological and clinical differences exist, the magnitude of I2 remains below 50%, which supports the robustness of the pooled estimate. To further explore and minimize heterogeneity, subgroup analyses were conducted based on clinically relevant characteristics (see below), many of which showed reduced or no heterogeneity within groups.
To account for both statistical and clinical heterogeneity across the included studies, we adopted a random-effects model for all analyses, including the primary outcome and all subgroup comparisons. For transparency, we also report the fixed-effects model results in Table 3, which yielded a slightly lower effect size (OR 2.79, 95% CI: 1.88–4.14) compared to the random-effects model (OR 2.57, 95%CI: 1.62–4.08), consistent with the modest heterogeneity observed.
Subgroup analysis
To further explore the consistency of results across potentially influential factors, we performed subgroup analyses. Compared to the overall pooled estimate, the association was stronger in the subgroup of women with follicle-stimulating hormone (FSH) levels greater than 40 IU/L (OR = 2.74, 95% CI: 1.78–4.21, I² = 0%), indicating that ANA positivity may be more pronounced in individuals with more advanced ovarian dysfunction (Figure 3a). This finding supports the hypothesis of a stronger autoimmune contribution in later stages of POI.
Among participants aged below 35 years, the pooled odds ratio was 2.83 (95% CI: 1.73–4.63, I2 = 3.8%), which also exceeded the overall estimate (Figure 3b). This suggests that ANA positivity could serve as a more sensitive serological marker in early-onset POI, potentially reflecting a stronger autoimmune component in younger women.
With respect to ANA detection methods, studies utilizing indirect immunofluorescence (IIF) and dot immunogold filtration assay (DIGFA) reported the highest pooled odds ratios—3.22 (95% CI: 1.28–8.09, I² = 34.6%) and 3.84 (95% CI: 1.31–11.27, I2 = 0%), respectively (Figure 3c). These elevated estimates may reflect the higher analytical sensitivity of IIF and DIGFA in detecting autoantibodies. However, the moderate heterogeneity observed in the IIF subgroup suggests potential methodological inconsistencies across studies employing this technique.
Marked differences were also observed across types of control groups. The strongest association was found in studies using low gonadotropic amenorrhea controls (OR = 6.62, 95% CI: 2.25–19.52, I2 = 0%), followed by those using non-ovarian infertility controls (OR = 4.42, 95% CI: 1.25–15.60, I² = 0%) and healthy controls (OR = 2.13, 95% CI: 1.23–3.68, I2 = 0%) (Figure 3d). These findings suggest a gradient in ANA signal specificity, likely reflecting the different immune and hormonal profiles of control populations. The clearest signal was observed when comparisons were made against non-autoimmune and hormone-deficient groups.
Collectively, these subgroup findings reinforce the robustness of the overall association and underscore specific clinical contexts—such as younger age, elevated FSH levels, and the use of more sensitive detection methods—where ANA positivity may be particularly informative in identifying women at elevated risk of POI.
Study Quality
The quality assessment of the included observational studies was conducted using the Newcastle-Ottawa Scale (NOS) scoring system. The median NOS score among the 15 included studies was 8 (range: 7-9), indicating high-quality literature (shown in Table 2).
Publication Bias
To assess the risk of publication bias, we constructed a funnel plot (Figure 4) based on the included studies. The plot appeared symmetrical upon visual inspection, suggesting no significant publication bias. Furthermore, Egger’s regression test was performed and yielded a p-value of 0.289, which further supports the absence of publication bias in this meta-analysis. To further validate this, we performed a trim-and-fill analysis, which did not impute any potentially missing studies, and the adjusted pooled OR was consistent with the original result. This indicates that our findings are robust and unlikely to be significantly influenced by small-study effects.

DISCUSSION 
Premature ovarian failure was first reported by Arias et al. 29 in 1950, It occurs in approximately 1% to 2% of women in the general population. 30Autoimmune premature ovarian failure (APOF), as a subtype within the spectrum of POF, is often associated with autoimmune diseases and shows positive results for various autoantibodies, such as anti-ovarian antibodies(AOAb), anti-zona pellucida antibodies(AZP), ANA, and more. 31
The cause of POI induced by ANA may be attributed to the direct or indirect involvement of the immune system in the development of ovarian follicles. The immune system's inability to recognize normal ovarian tissue and its attack on target cells lead to impaired ovarian function, resulting in POI. 32
Ovarian biopsy has been identified as the gold standard for confirming autoimmune oophoritis in patients with circulating autoantibodies. Pathological examination reveals abundant infiltration of plasma cells and lymphocytes in ovarian tissue, along with a reduction in granulosa cells and follicular cells. 33 Our meta-study found that although the positive rate of ANA in POI women was significantly higher than that in the control group, the positive rate of ANA was less than 20%, which may be due to the inability to trace and rule out whether patients had non-immune causes of chromosomal abnormalities such as the X fragility chromosome in the case-control study.
In this study, we found that the positive rate of ANA in POI was significantly higher than that in age-matched control women, which is sufficient to indicate that ANA positivity is a special event in the etiology and clinical practice of POI population；In various control groups, premature ovarian failure patients had a higher positive rate of ANA than age-matched patients with hypogonadotropins with secondary amenorrhea, suggesting that hypoestrogenemia in the POI population may not have a potential role in ANA formation. Wheatcroft. 34 also reported that among menstruating women with regular cycles and elevated FSH levels, aged between 27 and 38 years, those who were ANA-negative experienced a later onset of ovarian decline compared to ANA-positive individuals without diagnosed autoimmune diseases. The positivity rate of ANA in the POI population does not differ significantly from postmenopausal women, possibly due to the fact that ANA positivity can also occur in normal elderly women.35 In future cohort studies and randomized controlled trials, we recommend age-matched women as the control group, especially those with hypogonadotropic, because their hormone levels are more compatible with the POI population.
In 2016, ESHRE published "Guideline: management of women with premature ovarian insufficiency”. The guideline lowered the diagnostic threshold of FSH from >40 U/L to >25 U/L, moving the diagnostic cutoff forward. 2. ESHRE has updated the diagnostic criteria for POI, aiming to broaden the scope of ovarian function decline, enabling early diagnosis and treatment for patients, thus avoiding potential missed reproductive opportunities. A retrospective study by Kunicki et al. 36 suggested that lowering the FSH threshold required for the diagnosis of POI may have an impact on serum LDL-C levels, thereby reducing the risk of cardiovascular-related diseases. In this meta-analysis, the subgroup with FSH > 40 IU/L showed a significant difference in the comparison of ANA positivity rates between the case group and the control group. However, the subgroup with FSH > 20 IU/L did not show a significant difference in ANA positivity rates compared to the control group. This result may suggest a positive association between ANA levels in the body and ovarian dysfunction. Research reports. 32 indicate that the detection rate of ANA in patients with declining ovarian function ranges from 8% to 50%. Multiple factors can contribute to the disruption of immune barriers and activation of lymphocytes, leading to the production of ANA. When ANA levels exceed a certain range, it can result in a decline in ovarian function. Based on this, it is recommended to investigate ANA in patients with FSH > 40 IU/L during clinical diagnosis and treatment processes.
Ferraretti et al. 37 indicates that ovarian reserve in adult women naturally declines with increasing age. When women reach the age of 35 or older, there is a significant increase in the risks of infertility and spontaneous miscarriage. Additionally, the number of follicles and their responsiveness to gonadotropin-releasing hormone (GnRH) markedly decrease. As early as 1958, the International Federation of Gynecology and Obstetrics (FIGO) defined pregnancies in women aged 35 years or older as advanced maternal age pregnancies. In our study, the literature was divided into two subgroups based on whether the average age of the included cases exceeded 35 years. In the subgroup with an average age of ≥35, there was no significant difference in the comparison of ANA positivity rates between the case and control groups. However, in the subgroup with cases below 35 years old, there was a significant difference in ANA positivity rates between the case and control groups. This result is consistent with the observations made by Satoh et al: the positivity rate of ANA increases with age. 38In 2021, Wen et al. conducted a retrospective analysis on 23, 771 individuals from Guangdong Province, China. The results indicated that the probability of ANA positivity increased with age, which may be associated with the fluctuation of estrogen levels impacting the body's immune regulatory mechanisms. 39,40 Therefore, ANA investigation may be considered in POI patients under the age of 35.
IIF assay performed on human laryngeal carcinoma cells (HEp-2 or HEp-2000 cells) is widely recognized and utilized in research and clinical practice. It is considered the gold standard for detecting ANA. 41However, this technique lacks standardization and is more time-consuming as it requires skilled operators to make subjective judgments. 42 In our subgroup analysis, studies using IIF reported the highest pooled OR, followed by DIGFA, both indicating a strong association between ANA positivity and POI. These results suggest that detection methods with higher analytical sensitivity may identify ANA in women with POI more effectively. Nevertheless, in a recent meta-analysis conducted by Zhang et al. , it was concluded that IIF testing demonstrates higher accuracy in detecting ANA compared to ELISA. Therefore, they recommend using IIF as the preferred method for screening ANA. 43 On the other hand, a retrospective analysis by Alsaed et al. on sera from 1, 457 subjects concluded that compared to traditional IIF, ELISA showed better sensitivity and specificity for ANA detection. 44 Overall, there is still controversy regarding the clinical utility of IIF and ELISA. In this study, there was no significant difference in the comparison of ANA positivity rates between the case and control groups in the ELISA group, contrary to the findings in the IIF group. This finding aligns with the conclusions of Zhang's study. However, it is worth noting that in recent years, ELISA has undergone technological advancements. Some manufacturers of ELISA kits have improved the performance of the assay by adding additional purified recombinant antigens. This allows for the successful detection of certain ANA that may be overlooked in IIF, particularly anti-Jo-1 and anti-SSA/Ro antibodies. 45 In this study, the ELISA subgroup included only three studies with a span of 16 years. Moreover, since the specific technical details of the assays used were not explicitly described in the three papers, this subgroup may not rigorously reflect the current real-world situation of ANA testing using the ELISA method. In a meta-analysis conducted by Orme et al. 46 on the detection performance of IIF and ELISA, it was concluded that IIF had higher sensitivity than ELISA, while ELISA exhibited higher specificity than IIF. Therefore, a strategy that involves both testing methods simultaneously is recommended.
This study provides the most up-to-date and comprehensive evidence to date on the association between ANA positivity and POI. Our meta-analysis confirms that ANA positivity is significantly more common in women with POI than in various control groups, particularly among younger patients (<35 years) and those with FSH > 40 IU/L. These findings support the use of ANA as a non-invasive serological marker with potential diagnostic value in the clinical assessment of suspected autoimmune POI. Additionally, ANA testing may help identify women at higher risk earlier in the disease course, offering opportunities for timely intervention and fertility preservation. Although the prognostic role of ANA requires further investigation in prospective cohorts, our findings contribute meaningfully to the immunologic understanding and early detection strategy for POI. Moreover, beyond technical considerations in ANA detection, recent evidence suggests that broader immunometabolism factors may modulate autoantibody production and ovarian function. For instance, Bahreiny et al. reported that women with polycystic ovary syndrome had significantly lower levels of circulating nitric oxide, a key immunomodulatory and vascular signaling molecule, suggesting that dysregulated NO pathways may be implicated in endocrine and autoimmune reproductive dysfunction 47. Similarly, galectin-3—a β-galactoside-binding lectin—has been found to be elevated in gestational diabetes mellitus and proposed as a novel immunometabolic biomarker, further supporting the link between systemic inflammation, metabolic stress, and reproductive outcomes 48. In diabetic patients, melatonin supplementation has shown robust anti-inflammatory and antioxidant effects, reducing levels of TNF-α, IL-6, and MDA while improving antioxidant capacity, highlighting therapeutic avenues that could be relevant for autoimmune ovarian conditions 49. These emerging findings align with the notion that ANA positivity may reflect not only localized autoimmune activation but also systemic inflammatory imbalance—a hypothesis that future mechanistic studies should explore.
This study has several strengths. First, we performed a comprehensive search across both English and Chinese databases, improving the representativeness and generalizability of our findings. Second, subgroup analyses were conducted based on key clinical variables such as age, FSH level, and ANA detection method, allowing for a more detailed exploration of heterogeneity. However, some limitations should be noted. First, all included studies were observational in design, limiting the ability to establish causal relationships. In particular, the cross-sectional nature of the data precludes determination of whether ANA positivity is a causal factor in the development of POI or a consequence of ovarian tissue damage. None of the included studies reported longitudinal changes in ANA titers before and after POI onset, making temporal inference impossible. Second, the heterogeneity in ANA detection methods and cutoff values across studies may have affected the comparability of results. Third, although genetic causes were excluded and subgroup analyses were performed based on control group types, other potential confounding factors such as ethnicity, lifestyle behaviors (e.g., smoking, diet), and coexisting autoimmune conditions (e.g., Hashimoto’s thyroiditis, systemic lupus erythematosus) were not consistently reported across studies and thus could not be adjusted for, potentially influencing ANA positivity. Fourth, incomplete reporting of ANA titers, nuclear patterns, and other immunologic markers in several studies may have further contributed to residual confounding. Fifth, although IIF is recognized as the gold standard for ANA detection, limited reporting detail in the original studies prevented further stratified analyses within IIF-positive subtypes (e.g., nuclear patterns), which could offer additional diagnostic or prognostic insights. Finally, although publication bias was not evident based on funnel plot and Begg’s test, it cannot be completely ruled out. These limitations highlight the need for future prospective studies with standardized diagnostic criteria, harmonized ANA testing methods, and more comprehensive participant-level data collection to allow adjustment for important clinical and immunologic confounders.

CONCLUSION 
ANA positive may be linked to the presence of POI. We advise conducting regular ANA testing for patients with premature ovarian insufficiency who are either younger than 35 years old or have FSH levels exceeding 40 IU/L. We recommend doing additional multi-center, large-scale cohort studies and randomized controlled trials to compare the efficacy of ELISA and IIF approaches in identifying ANA. Furthermore, it is important to evaluate ANA titers and classify nuclear patterns. It is advisable to incorporate females of the same age group, particularly those with low levels of gonadotropins, as control groups.
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