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Background

Primary aldosteronism (PA), the most prevalent curable secondary hypertension, and thyroid diseases (the second most common endocrine disorder) are increasingly linked, yet their mechanistic connections remain unclear.





Design and methods

Four databases (PubMed, Embase, Web of Science, Cochrane Library) were searched for case-control studies. Random-effects meta-analysis and subgroup analyses for thyroid disease subtypes were performed. Sensitivity/trial sequential analyses and Begg’s test evaluated robustness/publication bias.





Results

Our meta-analysis included five case-control studies, encompassing 1,368 patients with primary aldosteronism (PA) and 6,774 controls. While the overall prevalence of thyroid diseases was higher in PA patients (OR: 1.33, 95% CI: 1.03-1.71, p=0.03), subgroup analysis revealed that this association was primarily driven by a significantly increased prevalence of thyroid nodules (OR: 1.85, 95% CI: 1.23-2.80, p=0.003). No statistically significant associations were found between PA and other specific thyroid conditions, including hyperthyroidism, hypothyroidism, thyroiditis, or thyroid cancer (all p > 0.05).





Conclusions

This first meta-analysis demonstrates a significant PA-thyroid disease association. The elevated overall risk of thyroid disease in PA patients appears to be largely attributable to the high burden of thyroid nodules. These findings suggest that patients with PA may benefit from targeted screening for thyroid nodules.
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1 Introduction

Primary aldosteronism (PA) represents the most prevalent form of endocrine hypertension and is also the leading cause of secondary hypertension (1, 2). The two main subtypes of PA are aldosterone-producing adenomas (APAs) and idiopathic hyperaldosteronism (IHAs) (3). The reported prevalence of PA exceeds 5 percent, potentially surpassing 10 percent among patients with hypertension (4, 5). Furthermore, individuals with PA exhibit a higher likelihood of developing cardiovascular and metabolic complications compared to those with essential hypertension (6, 7). Despite the clinical significance of PA, research exploring its association with other endocrine disorders remains limited, often confined to a few case reports (8).

Thyroid diseases hold a significant position within the endocrine system, encompassing conditions such as hyperthyroidism (e.g., Graves’ disease), hypothyroidism (e.g., Hashimoto’s thyroiditis), and thyroid nodules (9–12). Recently, advancements in endocrine research have prompted an increasing number of scholars to investigate the potential link between primary aldosteronism (PA) and thyroid diseases (13–15). For example, studies suggest that hyperthyroidism may be associated with elevated aldosterone levels, potentially due to the direct or indirect effects of thyroid hormones on adrenal cortical function (16–18). Additionally, there exists an interaction between thyroid hormones and the renin-angiotensin-aldosterone system (RAAS), which may further influence the pathogenesis of PA (19–21).

Although current research provides preliminary evidence for a relationship between primary aldosteronism (PA) and thyroid disorders, most studies are cross-sectional, lacking long-term follow-up data and involving limited sample sizes. These limitations have led to ongoing debates regarding the results. Therefore, our systematic review and meta-analysis aimed to synthesize the findings from studies in this area and assess the prevalence and potential associations between primary aldosteronism and thyroid disorders.




2 Methods



2.1 Protocol and registration

This systematic review and meta-analysis have been reported with reference to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline and has been prospectively registered in PROSPERO (CRD42025629905) (22).




2.2 Search strategy and selection criteria

Four databases (PubMed, Embase, Cochrane Library, and Web of Science) were searched for this systematic literature review and meta-analysis from the inception of the databases through December 1, 2024. The search terms included those related to primary aldosteronism (e.g., hyperaldosteronism, aldosteronism, Conn syndrome) and thyroid diseases (e.g., thyroid function, hypothyroidism, hyperthyroidism, and thyroid cancer). The detailed search strategy is provided in the Supplementary Material. Literature meeting the inclusion criteria were exported to EndNote Desktop version X9, and duplicates were automatically removed. The studies were then screened by title and abstract, followed by full-text review according to the eligibility criteria. Two authors (WH, YW) independently participated in all stages of screening. Disagreements in the screening process were resolved through consensus discussions.




2.3 Eligibility criteria

All studies published in English were included as long as they met the following basic eligibility criteria.

Basic eligibility criteria were met:

	The study was conducted in patients older than 18 years of age with a confirmed diagnosis of primary aldosteronism.

	The prevalence of thyroid disease in patients with primary aldosteronism was compared with the prevalence in the control group.

	PA were tested for thyroid diseases prior to the administration of therapy.



The following studies were excluded:

	Cases of primary aldosteronism were defined on the basis of clinical suspicion rather than a definitive diagnosis.

	Tested for thyroid disease after treatment.

	Did not compare the prevalence of thyroid disease between PA and non-PA controls.

	Case reports, editorials, reviews, and articles in non-English languages were excluded.






2.4 Quality assessment

Two authors (WH and YW) completed a quality assessment of all included studies using the Newcastle-Ottawa Scale (NOS). The NOS assesses the quality of cohort and case-control studies according to three categories. They are (a) “Selection”, which includes four assessment items with a maximum score of four stars; (b) “Comparability”, which includes one assessment item with a maximum score of two stars; and finally, (c) “Outcome “, consisting of three assessment items with a maximum score of three stars (23). The disagreements were resolved in a consensus meeting.




2.5 Data extraction

Two reviewers, WH and YW, extracted data in a pre-designed Excel sheet that included the items: authors, year, country of study, mean age, gender distribution, and data used to calculate prevalence estimates such as the total number of people with PA in the sample and the number of people with thyroid diseases. In the meta-analysis, the prevalence of different thyroid disorders among PA patients and controls was also extracted.




2.6 Statistical analysis

The primary endpoint of this study was the prevalence of thyroid disease in patients with primary aldosteronism. Combined prevalence estimates and 95% confidence intervals (CIs) were calculated using a random-effects model with logit transformations. Random-effects models account for study heterogeneity and provide more conservative estimates of overall effect sizes. For all models, the Cochrane’s Q statistic and I2 were calculated to assess heterogeneity. Heterogeneity was categorized as low (<40%), moderate (40-60%), high (70-90%), or substantial (>90%) according to I²values. Each thyroid disorder was analyzed in a separate subgroup, and pooled odds ratios (ORs) were calculated for each subgroup as well as for all subgroups combined. To assess the impact of individual studies on the overall effect, sensitivity analyses were performed by omitting one study at a time. For publication bias, funnel plot inspection and Egger and Begg regression tests were conducted. A p-value <0.05 was considered statistically significant. Statistical analyses were performed using Cochrane Review Manager v5.4 and Stata 18. The results of this meta-analysis were reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.




2.7 Trail sequential analysis

To assess the risk of false-positive or false-negative results in the meta-analysis, we conducted trial sequential analyses (TSAs) using TSA software (version 0.9.5.10 beta; Copenhagen Trial Unit, Clinical Intervention Research Center, Rigshospitalet, Copenhagen, Denmark). The required information size (RIS) was calculated with an alpha risk of 5%, a beta risk of 20%, and a two-sided border type. When the cumulative Z-curve enters the null zone or crosses the TSA boundaries, the intervention effect is considered to be sufficiently supported by evidence. If the Z-curve does not cross any boundaries and does not reach the required information size, the evidence is insufficient to draw any conclusions.





3 Results



3.1 Study search and selection

A total of 954 records were identified from database and electronic sources. After removing duplicates, 735 records were screened, and 410 studies were excluded based on title and abstract review. The remaining studies were assessed for eligibility according to predefined criteria. Ultimately, five studies were included in the meta-analysis. The study selection flowchart is shown in Figure 1.

[image: Flowchart demonstrating the process of identifying studies via databases and registers. Initially, 954 records are identified from PubMed, EMBASE, Cochrane, and Web of Science. After removing 219 duplicates, 735 records are screened by title and abstract. Of these, 410 are excluded. Then, 325 reports are sought for retrieval, with 7 not retrieved. Next, 318 reports are assessed for eligibility, excluding those that are single case reports, not in English, with inadequate data, or reasons like ineligible population, study design, or incorrect diagnosis. Finally, 5 studies are included in the review.]
Figure 1 | PRISMA flowchart of the study selection.




3.2 Risk of bias assessment

All included studies were assessed for risk of bias by the NOS scale as shown in Table 1. The results showed that all studies had high quality and low risk of bias. Total score ranged from 7 to 9.


Table 1 | Risk of bias across the studies; NOS scale.
	Study
	Selection
	Representativeness of the cases
	Selection of controls
	Definition of control
	Comparability
	Exposure
	Same method of ascertainment in cases and controls
	Non-response rate
	Total quality score


	Definition of cases
	Comparability of cases and controls based on the designs or analysis
	Assessment of exposure



	Sabbadin et al.,2017 (24)
	1
	1
	1
	1
	2
	1
	0
	1
	8


	Maiturouzi et al.,2024 (13)
	1
	1
	1
	1
	0
	1
	1
	1
	7


	Turchi et al.,2011 (25)
	1
	1
	1
	1
	1
	1
	1
	1
	8


	Armanini et al.,2003 (26)
	1
	1
	1
	1
	1
	1
	0
	1
	7


	Matrozova et al.,2019 (27)
	1
	1
	1
	1
	2
	1
	1
	1
	9










3.3 Characteristics of the included studies

Five studies with a total of 1368 PA and 6774 controls were included (13, 24–27). Four studies were from Europe and one from Asia. All participants were adults, with a mean age between 50 and 55 years. In total, the studies showed that the female PA population was larger than that of women. A detailed description of the population characteristics in each study is presented in the Table 2 below.


Table 2 | Descriptive characteristics of the included studies.
	Author and year
	Study country
	Sample size
	Mean age
	Gender distribution (Female: Male)
	Prevalence of thyroid disease in PA cases
	PA criteria



	Sabbadin et al.,2017 (24)
	Italy
	Cases:80(32 with APA and 48 with IHA)
Control:369
	Cases:55.4
Control:51.7
	Cases: 1:1
Control:1.1:1
	20%
	Upright serum aldosterone/upright PRA ratio (ARR) [30 (ng/dL)/[ng/(mL/h)] and the diagnosis was confirmed with the captopril test and the lack of aldosterone suppression after saline load


	Maiturouzi et al.,2024 (13)
	China
	Cases:1023(327 with APA and 696 with IHA)
Control:6138
	Cases:48.2
Control:48.2
	Cases:0.86:1
Control:0.85:1
	74%
	The positive screening test was defined as PRA < 1 ng/mL/h and PAC ≥ 12 ng/dL or ARR ≥ 20 ng/dL per ng/mL/h. PA was defined if post-SIT PAC was >10 ng/dL.


	Turchi et al.,2011 (25)
	Italy
	Cases:92(33 with APA and 59 with IHA)
Control:96
	Cases:51
Control:50
	Cases:0.77:1
Control:1.18:1
	66%
	PA was suspected for an upright serum aldosterone/upright plasma– renin activity (PRA) ratio >40 (ng/dl)/(ng/ml/h), together with an upright aldosterone value greater than 15ng/dl, and confirmed with an aldosterone value >7ng/dl after a 4-h intravenous saline infusion


	Armanini et al.,2003 (26)
	Italy
	Cases:80(40 with APA and 40 with IHA)
Control:80
	Cases:53.0
Control:50.5
	Cases:1.5:1
Control:1.35:1
	60%
	The diagnosis was made by measuring PRA, aldosterone, aldosterone/PRA ratio in the upright position, and aldosterone after a saline suppression test


	Matrozova et al.,2019 (27)
	Bulgaria
	Cases:93(40 with APA, 51 with IHA and 2 undetermined)
Control:91
	Cases:53.8
Control:52.4
	Cases:1.38:1
Control:2.37:1
	97%
	The diagnosis of PA was considered if the aldosterone was> 330 pmol/l after the oral administration of 50 mg of Captopril,while the patient has been sitting for 90 minutes










3.4 Meta-analysis on the odds ratio of thyroid diseases in PA

A total of five studies were included to compare the combined prevalence of thyroid disorders. Patients with primary aldosteronism had different types of thyroid disease. We divided subgroups by disease and performed stratified analyses. The results of the study are as follows:

	Hypothyroidism: No statistically significant association was found between PA and hypothyroidism [OR: 0.95, 95% CI: 0.59–1.53, p-value: 0.84, I2=40%].

	Hyperthyroidism: The analysis showed no statistically significant association between PA and hyperthyroidism [OR: 1.80, 95% CI: 0.58–5.62, p-value: 0.31, I2=59%].

	Thyroiditis: No statistically significant association was found between PA and thyroiditis [OR: 1.47, 95% CI: 0.19–11.26, p-value: 0.71, I2=54%].

	Thyroid cancer: There is no higher prevalence of thyroid cancer in PA as compared to controls [OR: 0.97, 95% CI: 0.40–2.33, p-value: 0.94, I2=0%].

	Thyroid nodules: Significantly higher prevalence of thyroid nodules in PA as compared to controls [OR: 1.85, 95% CI: 1.23–2.80, p-value: 0.003, I2=68%].






3.5 The pooled prevalence of thyroid disease in PA

Figure 2A shows a forest plot of thyroid disease in patients with PA. The pooled prevalence of any thyroid disease was significantly higher in the PA group than in controls (OR: 3.68, 95% CI: 2.41-5.62, p < 0.00001). However, I2 and Galbraith (Figure 2B) suggested some heterogeneity in findings, we therefore did further subgroup and sensitivity analyses. Subgroup analysis demonstrated that this overall difference was predominantly attributable to a significantly higher prevalence of thyroid nodules in PA patients (OR: 1.85, 95% CI: 1.23-2.80, p=0.003; Figure 3). In contrast, the prevalences of hyperthyroidism, hypothyroidism, thyroiditis, and thyroid cancer did not differ significantly between groups.

[image: Graphical representation of a meta-analysis with four panels. Panel A is a forest plot, showing odds ratios of different studies, confidence intervals, and a summary diamond indicating overall effect size with heterogeneity statistics. Panel B is a funnel plot assessing publication bias, with individual study points and fitted lines. Panel C is a leave-one-out sensitivity analysis, illustrating effects of omitting each study on the overall estimate. Panel D is a trial sequential analysis chart, depicting cumulative Z-scores over time, analyzing strength and reliability of the evidence with significance boundaries.]
Figure 2 | (A) Forest plot of event rate of overall thyroid disease among PA patients; (B) Galbraith plot; (C) Sensitivity analysis; (D) TSA analysis.

[image: Forest plot depicting the relationship between various thyroid conditions and an unspecified factor across multiple studies. The conditions include hyperthyroidism, hypothyroidism, thyroiditis, thyroid cancer, and thyroid nodules. Odds ratios with 95% confidence intervals are shown for each study, with larger black diamonds representing the overall effect sizes. The chart illustrates variability in study weights and effect sizes, with a horizontal axis marked from 0.001 to 1000, indicating lower to higher prevalence. Heterogeneity statistics and test results for overall effects are included.]
Figure 3 | Pooled odds ratio of thyroid disease in PA and controls.




3.6 Sensitivity analysis and publication bias

In order to assess the impact of individual studies on the overall combined effect size, sensitivity analyses were performed using an exclusion-by-exclusion approach, and the detailed results are shown in Table 3 and Figure 2C. Sensitivity analysis of subgroups was showed in Supplementary Figures 1–5. Although the pooled ORs were altered in the subgroups of hypothyroidism, hyperthyroidism, thyroiditis, and thyroid cancer, there was no significant change in the ORs in the subgroups of overall thyroid disorders and thyroid nodular disorders, a finding that suggests a consistency of results across studies. Further studies are needed to provide robust evidence. Nonetheless, there does seem to be an association between primary aldosteronism and thyroid disease. This is evidenced by the robustness of the study results.


Table 3 | Sensitivity analysis on the effect of exclusion of each study on subgroup and pooled findings.
	Group Study excluded
	Hypothyroidism
	Hyperthyroidism
	Thyroiditis
	Thyroid cancer
	Thyroid nodules
	Overall thyroid disease


	OR (95% CI)



	None
	0.95 (0.59,1.53)
	1.80 (0.58,5.62)
	7.33 (0.22,245.59)
	0.97 (0.40,2.33)
	1.85 (1.23,2.80)
	3.68 (2.41,5.63)


	Sabbadin et al.
	0.87 (0.54,1.41)
	1.61 (0.40,6.51)
	1.47 (0.19,11.26)
	 
	 
	2.92 (2.54,3.36)


	Maiturouzi et al.
	0.97 (0.37,2.55)
	3.33 (1.27,8.76)
	 
	1.80 (0.49,6.64)
	2.23 (1.51,3.31)
	4.37 (2.25,8.50)


	Turchi et al.
	1.01 (0.85,1.20)
	1.34 (0.39,4.60)
	 
	1.36 (0.28,6.61)
	1.66 (1.09,2.54)
	4.43 (2.52,7.78)


	Armanini et al.
	 
	 
	8.22 (0.03,2036.46)
	0.80 (0.32,2.00)
	1.61 (1.11,2.35)
	3.75 (2.18,6.47)


	Matrozova et al.
	0.90 (0.44,1.81)
	1.71 (0.39,7.53)
	30.93 (1.93,494.66)
	0.96 (0.33,2.81)
	2,03 (1.13,3.63)
	3.58 (2.26,5.67)







Funnel plot analysis of thyroid disease in patients with primary aldosteronism is shown in Supplementary Figure 8, there was no publication bias between the included studies when analyzed for the overall thyroid disease in PA [p-values: Egger’s test:0.280 and Begg’s test:0.086]. Funnel plot analysis of Egger’s test and Begg’s test were showed in Supplementary Figures 6 and 7.




3.7 TSA analysis result

The results of the TSA analysis are shown in Figure 2D. This analysis tests the stability of the statistical results by calculating the amount of required information size (RIS) and the bounds and null lines for hypothesis testing. The cumulative z-curve shown in the figure crosses the traditional bounds and the TSA bounds, and although the cumulative amount of information did not reach the desired value, no more tests were needed, proving that the results of this study are trustworthy.





4 Discussion

This systematic review and meta-analysis provides the first comprehensive assessment of the relationship between PA and various thyroid diseases. The overall prevalence of thyroid diseases was higher in PA patients than in controls (OR: 1.33, 95% CI: 1.03-1.71, p=0.03). However, subgroup analyses for specific thyroid diseases revealed that this difference was predominantly attributed to a significantly higher prevalence of thyroid nodules in the PA group (OR: 1.85, 95% CI: 1.23-2.80, p=0.003). No statistically significant differences were found between PA and other specific thyroid conditions, including hyperthyroidism, hypothyroidism, thyroiditis, or thyroid cancer.

PA is a common form of secondary hypertension that can lead to severe cardiovascular and metabolic complications if not properly treated (28). Previous studies have found significant negative effects of PA on the cardiovascular and renal systems, including an increased incidence of metabolic syndrome, osteoporosis, and psychiatric disorders (29, 30). A recent study has revealed a significantly elevated prevalence of thyroid nodules among patients with metabolic syndrome, confirming an association between insulin resistance and the formation of thyroid nodules (31). It is plausible that the link we observed is not solely causal but also reflects this shared metabolic dysfunction. Hyperinsulinemia and insulin-like growth factor 1 (IGF-1) are potent mitogens that may stimulate the growth of thyroid cells. Mineralocorticoid receptors (MR) are expressed not only in the kidneys but also in extra-adrenal tissues, including the thyroid gland. Chronic exposure to elevated aldosterone levels may lead to the activation of MR in thyroid follicular cells. This activation can promote pro-fibrotic and pro-inflammatory pathways, which are known to contribute to cell proliferation and nodule formation (32, 33). Additionally, several studies have reported adverse effects of PA on the function and structure of the thyroid gland (34, 35). On the other hand, monitoring bias may be a potentially reasonable non-biological explanation. PA patients are typically managed by endocrinologists, who may be more inclined to perform neck physical examinations and request thyroid ultrasounds. It is worth noting that some of the included studies used systematic thyroid ultrasounds for both PA patients and the control group, which may mitigate the impact of monitoring bias to some extent. However, further studies with larger sample sizes and more homogeneous patient populations are needed to confirm these findings.

The clinical implications of our findings are specific. Given the significantly increased risk of thyroid nodules, clinicians caring for patients with PA should be aware of this comorbidity. This does not, however, justify broad screening for all thyroid diseases. Our data do not support routine thyroid function tests in asymptomatic PA patients, as we found no evidence of increased dysfunction. Similarly, there is no evidence from our study to recommend changes to cancer surveillance practices. A pragmatic approach might involve considering a targeted thyroid ultrasound examination in PA patients, primarily to evaluate for the presence of nodules, particularly if there are other clinical indications (e.g., palpable neck mass, symptoms of compression, or a personal history of head and neck irradiation).

Our study has several strengths. First, we conducted a comprehensive and systematic search of relevant literature to identify all studies that reported the incidence of thyroid diseases in PA patients. This allowed us to include a larger sample size and provide more reliable estimates of the association between PA and thyroid diseases. Second, we used rigorous methods for literature quality assessment, data extraction, and statistical analysis to minimize bias and ensure the validity of our findings. Third, we performed subgroup analyses and sensitivity analyses to explore the heterogeneity of the included studies and assess the robustness of our results.

However, our study also has some limitations. First, the number of included studies was relatively small, which may limit the power of our meta-analysis to detect statistically significant differences in the prevalence of specific thyroid diseases. Second, the included studies were heterogeneous in terms of patient populations, study designs, and outcome measures, which may affect the generalizability of our findings. Third, we were unable to assess the potential confounding effects of other variables, such as age, gender, and coexisting medical conditions, on the association between PA and thyroid diseases due to the limited information available in the included studies. Fourth, existing literature lacks detailed characterization of thyroid nodules. Most studies rely solely on ultrasound without histological confirmation, and data on nodule diameter are extremely limited. Consequently, we cannot draw definitive conclusions about the malignant potential or size distribution of thyroid nodules in PA patients.




5 Conclusion

Our study provides evidence for a significant association between PA and thyroid nodules. While an elevated overall risk of thyroid disease was observed, this association was predominantly driven by a markedly higher prevalence of thyroid nodules in PA patients. We did not find statistically significant evidence linking PA to an increased risk of other specific thyroid conditions in the present analysis. These findings highlight the importance of targeted screening for thyroid nodules in patients with PA. Further studies with larger sample sizes and more homogeneous patient populations are needed to confirm the robust link between PA and thyroid nodules and to explore the potential mechanisms underlying this specific association.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

WH: Data curation, Methodology, Visualization, Conceptualization, Validation, Project administration, Formal Analysis, Software, Writing – original draft, Investigation. YW: Writing – review & editing, Validation, Data curation, Investigation. PL: Visualization, Funding acquisition, Writing – review & editing, Supervision.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. The present study was supported by National Natural Science Foundation of China [grant. Nos.82460079]. The funding body had no role in the design of the study and collection, analysis and interpretation of data and in writing the manuscript.




Acknowledgments

WH conceived and designed the study. WH and YW did the literature search and quality assessment of included studies. WH wrote the manuscript. Other authors offered assistance to the study. All authors approved the final version of the manuscript for publication. PL guided and supervised the overall work.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1614789/full#supplementary-material




References

	 Zuo R, Liu S, Xu L, Pang H. Key to the treatment of primary aldosteronism in secondary hypertension: subtype diagnosis. Curr Hypertens Rep. (2023) 25:471–80. doi: 10.1007/s11906-023-01269-x, PMID: 37787864


	 Rossi GP, Bisogni V, Rossitto G, Maiolino G, Cesari M, Zhu R, et al. Practice recommendations for diagnosis and treatment of the most common forms of secondary hypertension. High Blood Press Cardiovasc Prev. (2020) 27:547–60. doi: 10.1007/s40292-020-00415-9, PMID: 33159664


	 Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, et al. The management of primary aldosteronism: case detection, diagnosis, and treatment: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. (2016) 101:1889–916. doi: 10.1210/jc.2015-4061, PMID: 26934393


	 Monticone S, Burrello J, Tizzani D, Bertello C, Viola A, Buffolo F, et al. Prevalence and clinical manifestations of primary aldosteronism encountered in primary care practice. J Am Coll Cardiol. (2017) 69:1811–20. doi: 10.1016/j.jacc.2017.01.052, PMID: 28385310


	 Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, et al. A prospective study of the prevalence of primary aldosteronism in 1,125 hypertensive patients. J Am Coll Cardiol. (2006) 48:2293–300. doi: 10.1016/j.jacc.2006.07.059, PMID: 17161262


	 Reincke M, Bancos I, Mulatero P, Scholl UI, Stowasser M, Williams TA. Diagnosis and treatment of primary aldosteronism. Lancet Diabetes Endocrinol. (2021) 9:876–92. doi: 10.1016/S2213-8587(21)00210-2, PMID: 34798068


	 Bollati M, Lopez C, Bioletto F, Ponzetto F, Ghigo E, Maccario M, et al. Atrial fibrillation and aortic ectasia as complications of primary aldosteronism: focus on pathophysiological aspects. Int J Mol Sci. (2022) 23(4). doi: 10.3390/ijms23042111, PMID: 35216224


	 Monticone S, D’Ascenzo F, Moretti C, Williams TA, Veglio F, Gaita F, et al. Cardiovascular events and target organ damage in primary aldosteronism compared with essential hypertension: a systematic review and meta-analysis. Lancet Diabetes Endocrinol. (2018) 6:41–50. doi: 10.1016/S2213-8587(17)30319-4, PMID: 29129575


	 Taylor PN, Medici MM, Hubalewska-Dydejczyk A, Boelaert K. Hypothyroidism. Lancet. (2024) 404:1347–64. doi: 10.1016/S0140-6736(24)01614-3, PMID: 39368843


	 Grani G, Sponziello M, Filetti S, Durante C. Thyroid nodules: diagnosis and management. Nat Rev Endocrinol. (2024) 20:715–28. doi: 10.1038/s41574-024-01025-4, PMID: 39152228


	 Lanzolla G, Marinò M, Menconi F. Graves disease: latest understanding of pathogenesis and treatment options. Nat Rev Endocrinol. (2024) 20:647–60. doi: 10.1038/s41574-024-01016-5, PMID: 39039206


	 Wiersinga WM, Poppe KG, Effraimidis G. Hyperthyroidism: aetiology, pathogenesis, diagnosis, management, complications, and prognosis. Lancet Diabetes Endocrinol. (2023) 11:282–98. doi: 10.1016/S2213-8587(23)00005-0, PMID: 36848916


	 Maiturouzi M, Zhu Q, Zhang D, Luo Q, Wang M, Cai X, et al. Associations between thyroid function, thyroid diseases, and primary aldosteronism. Eur J Endocrinol. (2024) 191:262–70. doi: 10.1093/ejendo/lvae087, PMID: 39166829


	 Maciel AAW, Danilovic DLS, Soares IC, Freitas TC, Okubo J, Fagundes GFC, et al. Association between papillary thyroid cancer and primary aldosteronism in individuals with hypertension. J Clin Endocrinol Metab. (2024) 110(4):1053–64. doi: 10.1210/clinem/dgae653, PMID: 39292629


	 Lacroix A, Bourdeau I, Chasseloup F, Kamenický P, Lopez A-G, Louiset E, et al. Aberrant hormone receptors regulate a wide spectrum of endocrine tumors. Lancet Diabetes Endocrinol. (2024) 12:837–55. doi: 10.1016/S2213-8587(24)00200-6, PMID: 39326429


	 Prakash K, Hamid P. Thyroid hormone resistance syndrome: from molecular mechanisms to its potential contribution to hypertension. Cureus. (2023) 15:e49913. doi: 10.7759/cureus.49913, PMID: 38174182


	 Farhadi SAS, Dizaye KF. Aliskiren, fosinopril, and their outcome on renin-angiotensin-aldosterone system (RAAS) in rats with thyroid dysfunction. Int J Endocrinol. (2019) 2019:5960563. doi: 10.1155/2019/5960563, PMID: 31396276


	 Hsiao Y-H, Fang Y-W, Leu J-G, Tsai M-H. Hypokalemic paralysis complicated by concurrent hyperthyroidism and hyperaldosternoism: A case report. Am J Case Rep. (2017) 18:12–6. doi: 10.12659/AJCR.901793, PMID: 28050008


	 Vassalle C, Parlanti A, Pingitore A, Berti S, Iervasi G, Sabatino L. Vitamin D, thyroid hormones and cardiovascular risk: exploring the components of this novel disease triangle. Front Physiol. (2021) 12:722912. doi: 10.3389/fphys.2021.722912, PMID: 34603080


	 Patel S, Rauf A, Khan H, Abu-Izneid T. Renin-angiotensin-aldosterone (RAAS): The ubiquitous system for homeostasis and pathologies. BioMed Pharmacother. (2017) 94:317–25. doi: 10.1016/j.biopha.2017.07.091, PMID: 28772209


	 Niri T, Horie I, Ando T, Kawahara H, Ueda M, Eto M, et al. Renal function and plasma renin activity as potential factors causing hyperkalemia in patients with thyroid carcinoma undergoing thyroid hormone withdrawal for radioactive iodine therapy. Endocr Pract. (2020) 26:197–206. doi: 10.4158/EP-2019-0374, PMID: 31652100


	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PloS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097, PMID: 19621072


	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25(9):603–5. doi: 10.1007/s10654-010-9491-z, PMID: 20652370


	 Sabbadin C, Mian C, Nacamulli D, Donà G, Presotto F, Betterle C, et al. Association of primary aldosteronism with chronic thyroiditis. Endocrine. (2017) 55:303–6. doi: 10.1007/s12020-016-0880-2, PMID: 26860513


	 Turchi F, Ronconi V, di Tizio V, Boscaro M, Giacchetti G. Blood pressure, thyroid-stimulating hormone, and thyroid disease prevalence in primary aldosteronism and essential hypertension. Am J Hypertens. (2011) 24:1274–9. doi: 10.1038/ajh.2011.144, PMID: 21850059


	 Armanini D, Nacamulli D, Scaroni C, Lumachi F, Selice R, Fiore C, et al. High prevalence of thyroid ultrasonographic abnormalities in primary aldosteronism. Endocrine. (2003) 22:155–60. doi: 10.1385/ENDO:22:2:155, PMID: 14665720


	 Matrozova J, Kovatcheva R, Elenkova A, Natchev E, Vasilev V, Zacharieva S. Thyroid Аbnormalities in primary aldosteronism. ARC J Diabetes Endocrinol. (2019) 5(1):1–7. doi: 10.20431/2455-5983.0501001


	 Cingolani OH. Cardiovascular risks and organ damage in secondary hypertension. Endocrinol Metab Clin North Am. (2019) 48:657–66. doi: 10.1016/j.ecl.2019.08.015, PMID: 31655768


	 Krieg A, Krieg S, Heuser A, Laverenz U, Istrate V-A, Schott M, et al. Exploring the spectrum of comorbidities associated with primary aldosteronism: insights from a large real-world case-control study. Biomedicines. (2024) 12(11):2479. doi: 10.3390/biomedicines12112479, PMID: 39595045


	 Sinha RA, Bruinstroop E, Yen PM. Actions of thyroid hormones and thyromimetics on the liver. Nat Rev Gastroenterol Hepatol. (2025) 22:9–22. doi: 10.1038/s41575-024-00991-4, PMID: 39420154


	 Ayturk S, Gursoy A, Kut A, Anil C, Nar A, Tutuncu NB. Metabolic syndrome and its components are associated with increased thyroid volume and nodule prevalence in a mild-to-moderate iodine-deficient area. Eur J Endocrinol. (2009) 161:599–605. doi: 10.1530/EJE-09-0410, PMID: 19633072


	 Pingitore A, Gaggini M, Mastorci F, Sabatino L, Cordiviola L, Vassalle C. Metabolic syndrome, thyroid dysfunction, and cardiovascular risk: the triptych of evil. Int J Mol Sci. (2024) 25(19):10628. doi: 10.3390/ijms251910628, PMID: 39408957


	 Dizaye K, Mustafa ZA. The effect of eplerenone on the renin-angiotensin-aldosterone system of rats with thyroid dysfunction. J Pharm Pharmacol. (2019) 71:1800–8. doi: 10.1111/jphp.13168, PMID: 31579950


	 Schulte KM, Antoch G, Ellrichmann M, Finken-Eigen M, Köhrer K, Simon D, et al. Regulation of the HGF-receptor c-met in the thyroid gland. Exp Clin Endocrinol Diabetes. (1998) 106:310–8. doi: 10.1055/s-0029-1211991, PMID: 9792464


	 Thompson SD, Franklyn JA, Watkinson JC, Verhaeg JM, Sheppard MC, Eggo MC. Fibroblast growth factors 1 and 2 and fibroblast growth factor receptor 1 are elevated in thyroid hyperplasia. J Clin Endocrinol Metab. (1998) 83:1336–41. doi: 10.1210/jcem.83.4.4723, PMID: 9543164







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Hu, Wu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2025.1614789_cover.jpg
& frontiers | Frontiers in Endocrinology

Prevalence and risk of thyroid disease
among adult primary aldosteronism
patients: a systematic review, meta-

analysis, and trial sequential analysis





OEBPS/Images/fendo-16-1614789-g001.jpg
Records identified (n=954)
PubMed(n=217)
EMBASE(n=391)
Cochrane(n=2)

Web of Science(n=344)

Duplicate records removed
(n=219)

—_— -
Records screened by title and
abstract ;F;eigz%s) excluded
(n=735)
—_—
Reports sought for retrieval Reports not retrieved
(n=325) » (n=7)
v
Reports assessed for eligibility RSD;_I"S Iex‘:"ldedi iy
n =318) ingle case reports (n =t
¢ ) Not in English (n =104)
Inadequate data (n =55)
Ineligible population (n=38)
Ineligible study design (n=24)
AAS not diagnosis (n=10)

Studies included in review
(n=5)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-16-1614789-g003.jpg
PA Control (Odds Rat
Study or Subgroup__Events Total Events Total Weight M-H.Random.95%Cl M., Ranc

1.2.1 Hypothyroidism
Malurouzietal. 2024 174 1023 106 6138 165% 0990083, 1.18] 1
Malrozova ot al. 2019 Moes 9 o1 s 122(048,3.11) o
Savbadinetal. 2016 3 80 6 w0 28% 236(058, 9.63] T
Turchi et al 2011 7 @ 16 9% s 0410016, 1.05] —

Subtotal (95% C1) 1288 6694 297% 0.95[0.59, 1.53] *

Tota events 195 1087

Heterogeneity: Tau? = 0,10; Chi 3E=017)5 = d0%

Test for overal effet: 2= 0.20 (P = 0.84)

122 Hyperthyroidism

Maiturouz et al. 2024 51023 55 6138 54% 054 [0.22,1.36] -]
Matrozova ot al. 2019 5 93 2 91 21% 25300481338 b —
Sabbadinetal. 2016 2 8 3 30 18% 31300511903 i
Turehietal 2011 8 @ 2 % 20 4480822167 =
Subtotal (5% O 1288 6694 115%  180(0.5,562] -
Total events 20 62

Heterogeneity: Tau? = 0.78; Chi? = 7.38, df = 3 (P = 0.06); = 59%

Test for overal effect: 2= 1.02 (P = 0.31)

123 Thyrolaitis

Ammanini et al. 2003 3 80 0 8 07% 727003714309

Matiozova ot al. 2019 19 % 28 o1 7% 076 (038, 1.52]

Savbadin et al. 2015 1180 0 69 00% 12228[7.12,209921)

Subtotal (95% I 3 T sa%  1.47(0.19,11.26)

Totalevents 2 2

Heterogeneity: Tau" = 1.40; Ch = 215, df =1 (P = 0.14); = 54%

Test fo overaleffact Z = 0.37 (P = 0.71)

124 Thyroid Cancer

Armarini ot 2l 2003 3 8 0 8 O0m%  727(037,14309) =
Maiturouz et al. 2024 31023 31 e1s 7% 0.56(0.18, 1.90] —
Malrozova ot al. 2019 1w 0 91 0e%  297(0.42,7380) —=—
Turchi et al 2011 3 @ 3 % 20% 1.04 (021, 531)

Subtotal (95% CI) 1288 605 74% 0.97[0.40, 233] g

Tota events 10 34

Holerogenaity: Tau? = 0.00; Chi* =2.97,df =3 (P = 0.40) = 0%

st for overal effest: Z = 0.07 (P = 0.94)

1.2.5 Thyroid nodules

Armarini et al. 2003 2 s 2 8 s 291(151,563] i
Molurouzictal.2024 574 1023 3001 6138 17.1% 134 (117, 153) H
Maozovaolal 2019 54 93 43 91 92% 1.550.85,2.77) ™
Tureni et al 2011 @ % 2. % 8 2631142,4.88] 2
‘Subtotal (95% CI) 1288 6405 43.2% 1.85[1.23,2.80] >

Totl events 713 3090

Hoterogeneity: Tau? = 0.11; ChY* = 9.30,df = 3 (P = 0.03); = 68%

Test for overal efect: 2 =293 (P = 0.003)

Total (95% CI) 5325 26369 100.0% 133[1.03,1.71) .

Total events 60 429

Hoterogoneiy: Tau' = 0.0: O = 4043, 1 = 17 (P = 0.001): = 58% T T

Test for overalleff

Lower prevalence  Higher prevalence





OEBPS/Images/fendo-16-1614789-g002.jpg
P ool octs st
_StudvorSubgroup_ Euets Totl Guents Toal Weght W Randon, 55%.C1.
Amaned 23 4 0 2 0 05 395076
Netvogied 2zt 76 03 W@ 619 7% 290R83%]
Motwadd 29 0 8T 91 8% S4S[1SL106]
Stmdadd 6 0 9 U WTN  1000k20.236)
Toctietal 201 oow & % AT 2snem
Totl 5401 e e a6Rese)
Toalownts o s

Hetugeody Tod = 012,00 = 022,814 P= 004} =615
Teso a2 .5 P <00000)

Mt ansyss sttos, v named sy 5 orted oo
(LowrGilit  OEsinole 1 Uperciinn
swwoano10)| |10 1
Mureus 2020 | °
Taen o | |1 ° '
Ao (2000 '
Matozon @019) |1 o

P - oy 2o





OEBPS/Images/crossmark.jpg
©

2

i

|





