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Introduction

Thyroid hormones play a crucial role in brain function, yet the relationship between TSH and bipolar disorder remains unclear. This review aims to synthesize the current literature to clarify the interplay between serum TSH levels and both the phenotype and severity of bipolar disorder.





Methods

A comprehensive literature search was conducted across PubMed/MEDLINE, Scopus, and Web of Science databases through May 2025. Studies were included based on the PICO framework: What are the TSH levels in first-episode drug-naïve BD patients compared to healthy controls, and do TSH levels differ between manic and depressive phenotypes? The review follows PRISMA guidelines. Study quality and risk of bias were assessed using QUADAS-2.





Results

Seventeen studies out of 3,007 were included. Meta-analysis revealed that 1,946 drug-naïve BD patients had lower TSH levels compared to 400 healthy controls (SMD = -0.395 mIU/L, 95% CI: -0.695 to -0.095). Among 830 BD patients, those with a depressive phenotype (n=494) had higher TSH levels than manic patients (SMD = +0.575 mIU/L, 95% CI: -1.074 to -0.075).





Discussion

Our data suggest that TSH levels can modulate the onset and severity of psychiatric diseases. Interventional studies targeting TSH modulation, particularly in euthyroid patients, are warranted.





Keywords: thyroid, thyroid hormones, bipolar disorder, TSH, BD manic, BD depression





1 Introduction

Thyroid stimulating hormone (TSH) is a glycoprotein secreted by the anterior pituitary gland, playing a pivotal role in the regulation of thyroid function. It stimulates the synthesis and release of thyroid hormones—primarily thyroxine (T4) and triiodothyronine (T3) (1). TSH secretion is tightly regulated through a negative feedback loop involving circulating T4 and T3 levels, along with hypothalamic release of thyrotropin-releasing hormone (TRH) (2). Because of the sensitivity of this feedback system, variations in TSH are often more pronounced than those in free T4 (fT4), making TSH a sensitive biomarker for detecting fluctuations in thyroid hormone levels (3, 4).

Thyroid hormones (TH) are essential for normal brain function and have been implicated in mood regulation and psychiatric disorders (5). It is well established that TH modulate affective disorders by enhancing serotonergic neurotransmission—specifically by reducing the sensitivity of 5-HT1A autoreceptors in the raphe nuclei and increasing 5-HT2 receptor sensitivity (6). Importantly, thyroid hormone receptors are densely expressed in limbic structures, which are central to mood regulation (7). Additionally, thyronines can bind to several classes of neurotransmitter receptors, including GABAergic, catecholaminergic, glutamatergic, and cholinergic systems (8).

Bipolar disorder (BD) is a complex psychiatric illness characterized by recurrent episodes of mania, hypomania, and depression, with profound effects on mood, energy, and daily functioning (9, 10). BD significantly impairs quality of life and places a considerable burden on healthcare systems globally (10). The estimated lifetime prevalence of BD in adults is 1–3% (11), with a mean onset age of 18–20 years (12), and an approximately equal male-to-female ratio (13). BD is commonly classified into bipolar I disorder—characterized by manic episodes—and bipolar II disorder—characterized by major depressive and hypomanic episodes (14).

Recent evidence suggests that serum TSH levels may influence both the clinical phenotype and the severity of BD (15–24). However, despite the increasing number of studies, the relationship between TSH and BD remains unclear, with conflicting results reported across the literature.

Highlighting a relationship between TSH levels and the clinical presentation or phenotypes of bipolar disorder could have important clinical implications. If confirmed, it could be hypothesized that modulating TSH levels might influence the BD phenotype or presentation, potentially optimizing the response to conventional therapy.

The objective of this systematic review and meta-analysis is to synthesize the available evidence to clarify the relationship between serum TSH levels and the clinical characteristics of BD, including phenotype and severity.




2 Materials and methods



2.1 Search strategy and inclusion criteria

A wide literature search of the PubMed/MEDLINE, Scopus and Web of Science databases was made.

The review questions were define based on the “Population, Intervention, Comparator, Outcome” framework (PICO): What are the TSH levels in first episode drug-naïve (FEDN) patients diagnosed with bipolar disorder (BD) compared to healthy subjects (comparator), and do TSH levels differ between BD phenotypes (Manic and Depression) (outcome)?

The search algorithm used was (“thyroid”) AND (“bipolar disorder” OR “Bipolar Manic” OR “Bipolar Depression”).

The literature search was updated through May 31, 2025. Only articles in English were considered, and preclinical studies, conference proceedings, reviews, or editorials were excluded. To ensure comprehensive coverage, the reference lists of selected studies were manually screened for additional eligible articles.




2.2 Eligibility criteria

The eligibility criteria were chosen taking into account the review question. Clinical studies reporting TSH levels in patients diagnosed with BD were deemed eligible for inclusion in this systematic review. Exclusion criteria for the systematic review (qualitative analysis) were reviews, letters, comments, editorials on the topic of interest, case reports, or small case series (fewer than 5 enrolled patients) on the analyzed topic (as these articles are characterized by poor-quality evidence and are typically affected by publication bias), as well as original articles dealing with different fields of interest.

Both prospective and retrospective observational studies, as well as interventional trials, were considered eligible. This inclusive strategy aimed to optimize data availability while acknowledging the balance between comprehensiveness and methodological rigor.

To avoid confounding due to non-thyroidal illness syndrome (NTIS), only studies reporting the results of thyrotropin-releasing hormone (TRH) test and/or the levels of TSH and thyroid hormone, including free T4 (FT4) and/or T4 and/or free T3 (FT3) and/or T3 in serum or plasma samples were included in the quantitative analysis. In addition, studies involving patients with known thyroid disease were excluded from the meta-analysis.

Studies that addressed the PICO-based review questions were included regardless of the reported TSH values. Euthyroidism was defined based on each study’s specified reference range for serum TSH.




2.3 Study selection

E.G. and V.M. independently read the titles and abstracts of the records generated by the search algorithm. They then determined which studies were eligible based on predefined criteria. Any disagreements were resolved through discussion and consensus.




2.4 Quality assessment

The quality assessment of these studies, including the risk of bias and applicability concerns, was carried out using Quality Assessment of Diagnostic Accuracy Studies version 2 (QUADAS-2) evaluation (25).




2.5 Data extraction

The reviewers collected data from all of the included studies, taking advantage of full-text, tables, and concerning general study information (authors, publication year, country, study design, funding sources), patients’ characteristics (sample size, age, clinical setting, diagnosis, therapies), and TSH levels. The main findings of the articles included in this review are reported in the Results section.




2.6 Statistical analysis

The data from the included studies were utilized, considering each study’s relative importance, employing a random-effect statistical model, due to the high heterogeneity in the analyzed studies. Furthermore, the study included the provision of 95% confidence interval values, which were subsequently visually represented through forest plots. The I-square (I2) index, also known as the inconsistency index, was employed to assess the level of statistical heterogeneity within the papers included in the analysis. Statistical heterogeneity was considered significant if the I-square index exceeded 50%. The software OpenMeta [Analyst]® (version 3.13), supported by the Agency for Healthcare Research and Quality (AHRQ) in Rockville, MD, USA, was utilized to calculate the pooled values of mean differences.





3 Results



3.1 Literature search

A total of 3,007 articles were identified through the computer literature search. By reviewing the titles and abstracts, 2,992 articles were excluded because the reported data were not within the field of interest of this review. Consequently, 15 articles were selected and retrieved in full-text versions, and two additional studies were found by screening the references of these articles (Figure 1). Therefore, the total number of studies evaluated in the review was 17.

[image: Flowchart illustrating the process of identifying studies for a review. Initially, 3,007 records were identified: 699 from PubMed, 1,455 from Scopus, and 853 from Web of Science. An additional 2 records were identified from other sources. After removing duplicates, 1,283 records remained. Of these, 1,013 were screened, leading to the exclusion of 996 based on title and abstract. Ultimately, 17 studies were included in the review. The process follows stages labeled as Identification, Screening, Eligibility, and Included.]
Figure 1 | Flowchart of the research of eligible studies on the impact of thyroid function on bipolar disorder.

In general, the quality assessment using QUADAS-2 evaluation underlined the presence of unclear risk of bias and applicability concerns in some of the studies for what concerns patients’ selection, index test, reference standard and flow and timing. Nevertheless, only a small number of studies were characterized by the presence of high risks of bias or applicability (Figure 2).

[image: Bar charts showing the proportion of studies with low, high, or unclear risk of bias and concerns regarding applicability across four QUADAS-2 domains: patient selection, index test, reference standard, and flow and timing. The first chart indicates low risk in green, high risk in red, and unclear in gray for bias. The second chart shows similar color coding, focusing on applicability concerns for the same domains.]
Figure 2 | QUADAS-2 quality assessment for risk of bias and applicability concerns for the studies considered in the review. The QUADAS-2 assessment revealed that the most common sources of bias were related to patient selection, including unclear inclusion criteria and retrospective designs, and to flow and timing, particularly with respect to the timing of TSH measurement relative to psychiatric diagnosis.

The main characteristics of the studies and their results are briefly presented in Tables 1 and 2.


Table 1 | Characteristics of the human studies considered for the review.
	First author
	Ref. N.
	Year
	Country
	Study design
	N. Pts.
	Age
	Sex M:F



	Extein
	(22)
	1980
	United States
	Interventional
	10
	NA
	NA


	Kjellman
	(15)
	1984
	Sweden
	Prospective cross-sectional
	8
	54 ± 2.4
	4/4


	Wahby
	(19)
	1988
	United States
	Interventional
	14
	38.9 ± 3.5
	14/0


	Wysokiński
	(23)
	2014
	Poland
	Retrospective cross-sectional
	264
	NA
	82/182


	Degner
	(26)
	2015
	Germany
	Prospective cross-sectional
	13
	42.8
	6/7


	Li
	(27)
	2018
	China
	Prospective cross-sectional
	86
	23.6 ± 7.4
	46/40


	Zhong
	(20)
	2019
	China
	Prospective cross-sectional
	90
	26.74 ± 8.73
	48/42


	Duval
	(21)
	2021
	France
	Interventional
	13
	34.3 ± 10.8
	13/0


	Lai
	(17)
	2021
	China
	Prospective cross-sectional
	106
	25.45 ± 8.73
	49/57


	Lieber
	(28)
	2021
	Sweden
	Retrospective cohort
	291
	46.2 (IQR 19.5-87.2)
	82/209


	Makarow-Gronert
	(24)
	2021
	Poland
	Retrospective cross-sectional
	32
	NA
	12/20


	Zhao
	(29)
	2021
	China
	Prospective cross-sectional
	291
	27.38 ± 8.01
	140/151


	Zhu
	(30)
	2022
	China
	Retrospective cross-sectional
	1333
	29.71 ± 9.78
	665/668


	Chen
	(16)
	2023
	China
	Prospective observational
	59
	23.81 ± 5.87
	23/36


	Głodek
	(31)
	2023
	Poland
	Prospective cross-sectional
	54
	42.4 ± 13.6
	26/28


	Song
	(18)
	2023
	China
	Prospective cross-sectional
	120
	30.6 ± 11.2
	0/120


	Cui
	(32)
	2024
	China
	Prospective cross-sectional
	1619
	29.37 ± 9.78
	1049/570





Summary of study design, patient demographics, and clinical setting for the 17 studies included in the review.

Ref., references; N., number; Pts., patients; M, male; F, female; NA, not available.




Table 2 | Results and main findings of the human studies considered for the review.
	First author
	Patients’ characteristics
	TSH levels (mIU/mL)
	TSH reference range (mIU/mL)
	Main findings



	Chen (16)
	Adult inpatients and outpatients with BD aged 18 to 55 years
	1.48 ± 0.7
	0.49-4.91
	BD patients showed significantly lower serum TSH levels compared to healthy controls.


	Cui (32)
	Drug-free aged below 50 adult patients
	1.67 ± 1.64
	0.27-4.20
	No differences in TSH levels were found among BD and healthy controls


	Duval (21)
	Drug-free adult male hospitalized patients who underwent TRH-TSH stimulation
	1.25 ± 0.58
	NA
	TSH response is reduced in BDs patients.


	Degner (26)
	Adult outpatients without previously diagnosed thyroidal diseases.
	1.6 ± 1.5
	0.4-4.4
	No differences in TSH levels were found among BD, MDD and SHZ patients; AbTPO levels were higher in MDD and BD compared to SHZ.


	Extein (22)
	Consecutive patients diagnosed with BD manic and depression
	3.4 ± 0.8
	NA
	BD depression patients showed a higher TRH-TSH response compared to BD mania subjects.


	Głodek (31)
	Adults hospitalized in the Department of Adult Psychiatry with age between 18 and 65
	1.66 ± 1.17
	NA
	No significant differences of thyroid function were found between BD and schizophrenia patients.


	Kjellman (15)
	Adult patients with severe and long-standing clinical history of recurrent episodes of BD
	2.9 ± 0.2
	NA
	No differences in TSH levels were found among BD and healthy controls


	Lai (17)
	Drug-naïve BD patients aged 17 to 60 years
	1.62 ± 0.97
	0.49-4.91
	BD patients showed significantly lower serum TSH levels compared to healthy controls


	Li (27)
	Adult drug-naïve BD patients
	1.52 ± 0.91
	NA
	Thyroid functions were not significantly fluctuated between depressive and manic episodes in BD patients


	Lieber (28)
	Patients having a diagnosis of BD analyzed in the LiSIE (Lithium—Study into Effects and Side Effects) study.
	NA
	0.27-4.20
	Median TSH concentration at the start of THRT was higher in patients treated with lithium than in patients treated with other mood stabilizers. THRT was typically initiated in the context of mild or absent alterations of thyroid function tests with a decreasing TSH threshold.


	Makarow-Gronert (24)
	Caucasian patients aged 12 to 18 years who were hospitalized in the Department of Adolescent Psychiatry
	2.23 ± 1.06
	NA
	There may be a higher prevalence of thyroid dysfunctions in BD and MDD subgroups among adolescents


	Song (18)
	First episode, drug-naïve adult female inpatient
	2.65 ± 2.39
	NA
	FT3 levels were significantly lower BD depression patients than healthy controls and higher in BD manic that BD depression.


	Wahby (19)
	Drug-free washout adult male patients who underwent TRH-TSH stimulation
	2.8 ± 0.3
	NA
	Schizodepressed patients appeared significantly different from MDD but closer to SHZ and healthy controls on the TRH test


	Wysokiński (23)
	Hospitalized patients in acute phase evaluated at first entry.
	1.86 ± 4.58
	0.4-5.0
	Compared with MDD, patients with BD have the highest level of TSH; BD depression have the highest level of TSH in comparison with BD manic patients.


	Zhu (30)
	Hospitalized mood disorder patients
	2.71 ± 3.27
	0.27-4.20
	FT4, and FT3 secretion differed between BD and MDD, whereas TSH secretion differed only in the male subgroup


	Zhao (29)
	Patients diagnosed with BD and who had never received medication
	2.29 ± 1.47
	0.27-4.20
	Compared with BD depression patients, BD manic patients have higher FT3 levels, higher rate of hyperthyroidism and higher rate of total abnormality thyroid hormone secretion.


	Zhong (20)
	Adult BD inpatients and outpatients diagnosed aged 18 to 55 years.
	1.43 ± 0.96
	0.38-4.31
	BD patients showed significantly lower serum TSH levels compared to healthy controls





Overview of TSH values and key results reported in each study, including comparisons with healthy controls and between bipolar phenotypes.

TSH, thyrotropin stimulating hormone; THRT, thyroid hormones replacement therapy; fT4, free thyroxine; fT3, free triiodothyronine; BD, bipolar disorder; MDD, major depressive disorder; SHZ, schizophrenia; TRH, thyrotropin-releasing hormone.







3.2 Qualitative analysis

The available data on 4,403 (51% male) patients affected by BD were retrieved from 17 studies (15–24, 26–32): four were retrospective in nature, ten prospective and three interventional (Table 1).

In 1984, Kjelmann et al. showed for the first time in a very small set of euthyroid BD patients a lower serum TSH levels at the onset of disease compared to healthy controls (TSH 2.9 ± 0.2 mIU/L vs 3.6 ± 0.2 mIU/L, p=.026) (15). Subsequent studies confirmed this evidence over forty years of clinical investigations (16–20). On the other hand, recently, Cui et al. did not find any differences between euthyroid BD and healthy subjects (TSH 1.67 ± 1.64 mIU/L vs 1.94 ± 1.28 mIU/L, p=.958) (32). In addition, the only available prospective study, conducted on a small set of euthyroid subjects, confirmed these last data (1.7 ± 1.4 mIU/L vs 1.9 ± 1.5 mIU/L, p=.057) (31).

Going on, Duval et al. showed a reduced TSH response to the TRH test compared to matched healthy control subjects (ΔTSH 1.4 ± 1.3 mIU/L vs 3.8 ± 1.4 mIU/L, p<0.001) (21). Extein et al. confirmed and extended these data in different BD phenotypes (manic and depression) (22).

Wysokiński et al. evaluated TSH serum levels in 1,685 psychiatric inpatients at first entry in a retrospective cross-sectional study also aiming to evaluate any difference between BD phenotypes; BD manic subjects showed lower serum TSH levels than BD depression ones (1.3 ± 1.1 mIU/L vs 2.0 ± 5.2 mIU/L, p=.002) (23). In addition, Makarow-Gronert et al. reinforced these data in a small set of psychiatric euthyroid adolescents (24). By contrast, Li et al. and Zhao et al. did not show any difference in TSH levels between BD manic and depression patients (27, 29).




3.3 Quantitative analysis

Seven studies (15–20, 32) comparing TSH levels among BD patients and healthy controls were pooled using the random effect, including 1,946 patients and 400 healthy subjects. One study was from Europe, one from North America and the remaining from Asia; six studies were prospective and one interventional. The meta-analysis showed that FEDN BD patients displayed lower serum TSH levels compared to healthy subjects (SMD=-0.395 mIU/L, C.I. 95%:-0.695 to -0.095) with high heterogeneity across studies (I2 = 82%, p<.001) (Figure 3).

[image: Forest plot showing estimates and confidence intervals for various studies. Studies include Chen, Cui, Kjellman, Lai, Song, Wahby, and Zhong, with overall estimate at -0.395 (95% CI: -0.695, -0.095). Horizontal lines represent the confidence intervals. The overall effect is depicted by a diamond shape, indicating a mean difference to the left of zero, suggesting a negative outcome.]
Figure 3 | Forest plot of the meta-analysis on serum concentrations of thyroid stimulating hormone (TSH) in patients with first-episode bipolar disorder compared with healthy controls. The figure displays the standardized mean differences (SMDs) in TSH levels between first-episode drug-naïve bipolar disorder patients and healthy controls across seven included studies. Negative values indicate lower TSH levels in bipolar disorder patients.

To evaluate any TSH differences among BD manic and BD depressive patients, six studies (22–24, 27, 29, 31) encompassing 830 (336/494 BD manic/depressive) patients were pooled. Two studies were from Asia, three from Europe, and one from North America; two studies were retrospective, three prospective, and one interventional one. The meta-analysis showed that first-episode drug-naïve BD manic patients had lower serum TSH levels compared to BD depressive patients (SMD=-0.575 mIU/L, C.I. 95%: -1.074 to -0.075) with moderate-high heterogeneity across studies (I2 = 79%, p<.001) (Figure 4).

[image: Forest plot depicting mean differences with 95% confidence intervals from six studies. Each study is represented by a square with horizontal lines indicating confidence intervals. The overall effect is marked by a diamond, showing a mean difference of -0.575 (confidence interval -1.074, -0.075), with significant heterogeneity (I^2 = 79%, P < 0.001). A red dashed line marks zero mean difference.]
Figure 4 | Forest plot of the meta-analysis on serum concentrations of thyroid stimulating hormone (TSH) in patients with first-episode manic bipolar disorder compared with patients with first-episode depressive bipolar disorder. The figure displays the standardized mean differences (SMDs) in TSH levels between manic versus depressive bipolar presentations across six studies. Negative values indicate lower TSH levels in manic patients.

Both meta-analyses showed substantial heterogeneity (I² > 75%), indicating a high degree of variability among the included studies. Despite the use of a random-effects model to account for this, the pooled effect sizes should be interpreted with caution given the wide dispersion of results.





4 Discussion

This study demonstrates that patients with bipolar disorder at the onset of illness exhibit significantly lower serum TSH levels compared to healthy controls. More importantly, variations in thyrotropin concentrations appear to correlate with different BD phenotypes. However, the clinical implications of this finding remain to be fully elucidated.

Mood disorders are multifactorial conditions influenced by complex interactions among various neurotransmitter systems, including norepinephrine, serotonin (5-HT), dopamine, gamma-aminobutyric acid (GABA), and glutamate (33–40). TH are known to play a central role in regulating behavior and mental states, including mood modulation, by modulating the synthesis, release, and metabolism of the aforementioned neurotransmitters (41, 42). Additionally, TH regulates the expression, availability, and activity of 5-HT, DA, and NE transporters, thereby affecting their synaptic concentrations and signaling (42). Disruption of TH balance may result in neurotransmitter dysregulation and mood instability. Furthermore, changes in TH levels can affect neurotransmitter receptor density and affinity, amplifying mood symptoms (43). Animal studies, primarily conducted in mice, have confirmed an association between different emotional behaviors and variations in TSH levels, demonstrating that TSH modulation induces behavioral changes. These studies suggest that TH may contribute to modulating 5-HT uptake and/or GABAergic activity in the hippocampal region and amygdala (44–47).

BD was the 23rd leading cause of years lived with disability in 2016 (48), and patients with BD are more likely to present with coexisting thyroid dysfunction than the general population (49). Duval et al. first reported a reduced TSH response to the TRH stimulation in BD patients compared to healthy controls (21), suggesting potential central dysregulation of thyroid function. However, the only available prospective study, conducted in a small group of euthyroid subjects, found no significant difference in TSH levels between BD patients and healthy controls (31).

Our meta-analysis, which included 2,346 participants across three continents (Europe, North America, and Asia), confirms that patients with newly diagnosed BD have lower serum TSH levels than healthy individuals (Figure 3). Moreover, pooled data from 830 patients revealed that those with depressive phenotypes exhibit higher TSH levels than those with manic phenotypes—highlighting a potential endocrine distinction between mood states (Figure 4).

Although we used a binary classification of BD into manic and depressive phenotypes, we acknowledge that the disorder encompasses a broader clinical spectrum, including bipolar I and II subtypes, mixed features, and psychotic symptoms. Most included studies did not provide sufficiently detailed diagnostic stratification to allow further subclass analysis. Nevertheless, the consistent TSH differences observed across studies support the notion that thyroid function may influence mood states, even within this simplified framework. Future studies should explore TSH variation in more precisely defined BD subtypes.

Anyway, it is important to underline that the small degree of difference in serum TSH levels found in both meta-analyses could have biological implications, even if it appears to be consistent across many studies. On the other hand, it is well known that there is a log-linear relationship between T3/T4 and TSH, meaning even minor variations in T3/T4 can lead to significant changes in TSH levels (50). Moreover, TSH is highly sensitive to changes in free T3 levels; even subtle fluctuations can trigger significant changes in TSH. This supports the role of TSH, in the absence of hypothalamic/pituitary disease, as the most sensitive marker of thyroid function (51). Since brain function is dependent on T3 availability, TSH variation may indirectly reflect shifts in T3 concentrations.

Understanding the connection between BD and TH requires elucidating how this interplay, along with the aforementioned effects on neurotransmitters, influences BD symptoms. Animal models have shown that TH infusion increases 5-HT levels in the rodent brain cortex (6). Many studies have been conducted to evaluate the impact of TH modulation on BD management. Bauer et al., in a randomized, placebo-controlled, double-blinded trial, demonstrated the effectiveness of high-dose levothyroxine (L-T4) in mitigating depressive symptoms in euthyroid individuals with bipolar depression (52). These findings were further supported by an open-label study in women with treatment-resistant BD depression, which also reported changes in positron emission tomography (PET) features, reflecting altered metabolism in the prefrontal, subcortical, and limbic regions (53). These results have been corroborated by placebo-controlled studies (54–56), and treatment with supraphysiological doses of L-T4 is now recommended in several BD management guidelines (57–60). If validated, our findings could contribute to a more personalized approach to BD management. For instance, pharmacological modulation of TSH might be considered for BD I versus BD II patients, depending on phenotype-specific thyroid profiles. Furthermore, many guidelines recommend routine TSH screening in mood disorder evaluations (61–64). However, how this finding impacts real medical practice remains to be demonstrated. In other words, can treatment with L-T4 or thioamide influence the behavior of different BD phenotypes? What are the optimal TSH levels for BD patients? Is it time to consider personalizing TSH targets based on BD phenotypes? Currently, no global data are currently available on euthyroid BD depressive patients treated with minimal doses of L-T4 or thioamides aiming at modulating TSH levels while maintaining them within the normal range; further studies are necessary to address this gap.

Several limitations of the present study must be acknowledged. The most notable limitation is the substantial statistical heterogeneity observed in both meta-analysis (I² > 75%) which reflects considerable clinical and/or methodological variability across studies. This undermines the strength of the pooled estimates and limits the generalizability of the findings. Although we used a random-effects model, the underlying sources of heterogeneity remain only partially explained. Additionally, there is a significant heterogeneity in the time intervals between BD diagnosis and TSH measurement. While the studies included in this review and meta-analysis were of good quality, the small sample sizes introduce a greater margin of error and an increased risk of bias. Finally, another key limitation is the heterogeneity in study design, which included retrospective, prospective, and interventional studies carrying an additional risk of bias. This factor, combined with the high heterogeneity, limits the overall certainty of the findings.

Finally, it is important to underline that a limitation of this review is the lack of a pre-registered protocol. Although the methodology was defined a priori by all authors, the absence of a publicly accessible protocol may limit the transparency and reproducibility of the review process.




5 Conclusion

We have reviewed the literature from the past forty years regarding the possible interplay between thyroid function and BD patients. Our meta-analysis evidenced that different thyrotropin levels are associated to different BD phenotype. If and how this issue could have an impact on general practice is still to be assessed. Interventional studies aimed to modulate TSH values are needed.
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