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Background: Hair loss is common in hypothyroidism patients. However, the link with alopecia areata (AA) and androgenetic 
alopecia (AGA) is unclear. Previous observational studies have presented completely opposite results. This study aims to causally link 
hypothyroidism with AA and AGA.
Methods: A two-sample Mendelian Randomization (MR) study, utilizing data from FinnGen Consortium, investigated the causal link 
between hypothyroidism and AA and AGA. We employed Inverse Variance Weighted (IVW), MR-Egger, Weighted Median, Simple 
Mode, and Weighted Mode to assess the risk association.
Results: The discovery samples included 13,429 hypothyroidism cases (94,436 controls), 767 alopecia areata cases (394,105 
controls), and 220 androgenetic alopecia cases (219,249 controls). MR analysis showed a causal link between hypothyroidism and 
AA, with significant results from IVW (OR, 1.34; CI, 1.16–1.56; P = 0.0001), MR-Egger (OR, 1.56; CI, 1.09–2.23; P = 0.0240), and 
weighted median (OR, 1.34; CI, 1.06–1.69; P = 0.0140). However, no clear causal relationship was found between genetically 
predicted hypothyroidism and AGA risk (p > 0.05).
Conclusion: The results show hypothyroidism causally associated with AA onset, but not AGA. These findings address contentious 
issues in observational studies. Comprehensive thyroid function assessments are crucial for AA patients, emphasizing thorough 
clinical examinations’ importance.
Keywords: hypothyroidism, alopecia areata, androgenetic alopecia, Mendelian randomization study, causality

Introduction
Alopecia areata (AA) manifests globally, with an estimated incidence of 1 in 1000 individuals, entailing a lifelong 
susceptibility of approximately 2%.1,2 It may occur in both children and adults, with no gender disparity in its 
incidence.1 The mechanism of AA remains unclear, with key events possibly involving the loss of immune privilege 
in hair follicles, leading to T-cell-mediated immune attacks on follicular cells.3 Genetic susceptibility also plays a role, 
as confirmed by GWAS establishing a link between AA and human leukocyte antigen (HLA) genes. Notably, the HLA- 
DQB1*03 allele may serve as a significant marker for the susceptibility to AA.4,5 AA predominantly presents on the 
scalp but can also occur in any area with hair growth, such as eyelashes, eyebrows, beard, limbs, or other regions. The 
most common clinical manifestation is patchy hair loss, characterized by scattered, smooth, and circular areas where 
hair is completely lost, evolving over several weeks. Less common patterns of hair loss include creeping alopecia, rare 
horseshoe-shaped baldness, and diffuse AA. The horseshoe-shaped alopecia may resemble male-pattern androgenetic 
alopecia (AGA), making differentiation challenging at times. The characteristic features of AGA in males include the 
distinctive phenomenon of hair follicle miniaturization to varying degrees in specific locations on the scalp, 
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accompanied by a reduction in the density of terminal hair. The extent of scalp involvement may gradually evolve with 
the progression of the condition. Currently, it is acknowledged that AGA is a hereditary trait dependent on androgens. 
Dihydrotestosterone (DHT) stands as the pivotal androgen that induces and accelerates AGA in males.6 Several 
susceptibility loci associated with AGA have been identified,7,8 including AR/EDAR2 on the X chromosome,9 PAX1/ 
FOXA2 on chromosome 20p11,10,11 and the HDAC9 gene on chromosome 7p21.1.12,13 Chromosome 3q26 may also 
play a certain role.14 Female pattern hair loss (FPHL) is a prevalent, non-scarring alopecia primarily occurring in adult 
women. Its hallmark is the progressive loss of terminal hairs in the frontal and vertex regions of the scalp, resulting in 
a noticeable reduction in hair density. In contrast to many cases of AGA in men (male pattern hair loss), the shedding 
of terminal hairs in affected areas of female pattern hair loss is typically incomplete and often does not involve the 
frontal hairline. The majority of women with FPHL exhibit normal levels of androgens, indicating that the under-
standing of the pathogenic mechanisms is still not comprehensive enough.15,16 The genetic basis and inheritance 
patterns of FPHL remain relatively less understood.17 The aromatase gene (CYP19A1) may be involved in the 
development of female pattern hair loss.18 Several diseases have been found to be associated with AA, including 
vitiligo, lupus erythematosus, psoriasis, atopic dermatitis, thyroid disease, and allergic rhinitis.19 Similarly, some 
diseases have been found to be associated with AGA, including psychosocial effects,20 cardiovascular disease and 
metabolic syndrome,21–26 prostate cancer.27

Hypothyroidism, characterized by an underactive thyroid gland, is a common endocrine disorder affecting various 
physiological processes. Hair loss frequently accompanies hypothyroidism.28 However, the relationship between hypothyr-
oidism and specific types of hair loss, such as AA and AGA, remains unclear. Despite its common occurrence, only a limited 
number of studies have been published to evaluate the association of hypothyroidism with AA or AGA. While most studies 
suggest a correlation between hypothyroidism and AA, there are still some observational studies indicating the absence of 
a connection. This discrepancy could be influenced by factors like sample size, ethnic diversity, and other methodological 
considerations. Hence, the association between hypothyroidism and AA, as well as the nature of any potential relationship, 
remains uncertain. Observational studies exploring the relationship between hypothyroidism and AGA are currently scarce.

The Mendelian randomization (MR) research method is recognized as a robust tool in epidemiological studies, 
focusing on utilizing genetic variations to evaluate the causal link between risk factors and specific diseases. 
Confounding factors pose a significant challenge in causal inference within epidemiological studies. In the 
Mendelian randomization method, genetic variations adhere to the principle of random distribution of alleles to 
offspring, resembling the design of a randomized controlled trial. The strengths of the MR method lie in 
effectively addressing common issues in observational studies, including confounding factors, reverse causation, 
and issues related to representativeness and feasibility in randomized controlled trials.29 However, it is noteworthy 
that there is currently no research applying the MR method to evaluate the relationship of hypothyroidism with 
AA or AGA. Hence, this study utilizes a two-sample MR research approach to explore the potential causal 
connection of hypothyroidism with AA and AGA. The objective is to establish a theoretical foundation for 
understanding the interplay between the development of hypothyroidism and the onset of AA and AGA.

Methods
Study Design
We conducted two-sample MR analysis based on summary statistics from GWAS to investigate the association of 
hypothyroidism with AA and AGA. Valid instrumental variables (IVs) need to meet specific criteria: 1. The variant 
should be linked to the risk factor being studied; 2. The variant must be independent of any confounding factors that 
might influence the relationship between the risk factor and the outcome; 3. The variant should only influence the 
outcome through its impact on the risk factor.30 The comprehensive flowchart illustrating the methodology of this MR 
study is presented in Figure 1A, with the MR assumptions delineated in Figure 1B.
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Study Samples and Measures
The summary statistics were obtained from the FinnGen Consortium.31 The FinnGen study is a large-scale genomics 
initiative that has analyzed over 500,000 Finnish biobank samples and correlated genetic variation with health data to 
understand disease mechanisms and predispositions. The project is a collaboration between research organizations and 
biobanks within Finland and international industry partners. The discovery sample for hypothyroidism included 13429 
clinically diagnosed cases (94436 controls). Similarly, the discovery sample for AA included 767 clinically diagnosed 
cases (394105 controls). Additionally, the discovery sample for AGA included 220 clinically diagnosed cases (219249 

Figure 1 (A) Detailed flowchart depicting the methodology employed in the current two-sample Mendelian randomization study. (B) Mendelian randomization 
assumptions.
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controls). However, all single nucleotide polymorphisms (SNPs) were all derived from GWAS on European ancestry to 
minimize potential bias caused by population heterogeneity.

Instruments Selection
We selected SNPs with genome-wide significance (p < 5 × 10−8) as IVs for hypothyroidism in our study. Linkage disequilibrium 
(LD) was assessed to determine genetic linkage among SNPs, with a threshold set at r2 < 0.001 and a window size of 10,000 kb. 
SNPs associated with potential confounding factors of AA and AGA were excluded from the final MR analyses using data from 
the PhenoScanner V2 database (http://www.phenoscanner.medschl. cam.ac.uk/). Additionally, palindromic variants were 
excluded, and the effects of SNPs on hypothyroidism, AA, and AGA were harmonized. Ultimately, 25 eligible SNPs were 
included in the final MR analyses, with detailed information provided in Supplementary Table 1.

Statistical Analyses of the MR Study
We employed the inverse variance weighted (IVW), Mendelian randomization-Egger (MR-Egger), weighted median, 
simple mode, and weighted mode approaches to assess the risk association of hypothyroidism with AA and AGA. 
Among these methods, IVW emerged as the most commonly utilized variant-specific causal estimation method in two- 
sample MR analyses, particularly when all enrolled IVs exhibited robust validity. Consequently, IVW was chosen as the 
primary and most efficient analytical method for this study.32 If statistical significance was observed for heterogeneity in 
the research studies, a random effects IVW model was utilized; otherwise, a fixed effects IVW model was employed.

To further validate the consistency and effectiveness of the MR findings, additional supplementary methods were 
utilized. The MR-Egger regression estimates the causal effect by regressing the instrument-exposure association on the 
instrument-outcome association, allowing for an intercept term that represents potential pleiotropy. A significant intercept 
suggests the presence of horizontal pleiotropy, indicating that the instrument may not satisfy the exclusion restriction 
assumption.33 The weighted median estimation calculates a median estimate of the causal effect by giving more weight to 
IVs with smaller standard errors or larger statistical precision. Simple mode is a basic analytical approach where 
a straightforward statistical method is used to estimate causal effects without complex adjustments or weighting of 
genetic variants and it may overlook certain complexities inherent in causal inference, such as confounding or 
unmeasured variables. Weighted mode is an analysis approach where weights are assigned to each genetic variant 
based on their variance. Scatter, forest, and funnel plots were drawn to visualize the results and demonstrate the 
efficiency and stability of the MR study.

Sensitivity Analyses
We conducted sensitivity analyses to assess various aspects of our MR study, including heterogeneity, pleiotropy, and the 
influence of outliers. Heterogeneity among the IVs utilized in the IVW method was evaluated using Cochran’s Q test, 
with a significance level set at p < 0.05 indicating substantial heterogeneity. Interpretation of the MR results should be 
cautious in the presence of significant heterogeneity. Pleiotropy, the phenomenon where a single genetic locus affects 
multiple phenotypes, was assessed using the MR-Egger intercept analysis. A p-value greater than 0.05 suggests 
negligible directional pleiotropy.34 Furthermore, we conducted the MR-PRESSO analysis to identify and address the 
influence of outliers in our data. To assess the robustness of our results, we performed leave-one-out tests, systematically 
removing one SNP at a time and evaluating the impact on the overall results. Consistency in the direction and magnitude 
of the remaining results after SNP removal indicates stability and reliability of the causal relationship.

All statistical analyses were conducted using the “Two-Sample MR” and “MRPRESSO” packages within the 
R software environment (version 4.2.3).

Results
Hypothyroidism is Associated with Increased Risk of AA
Twenty five hypothyroidism-related SNPs meeting the three main assumptions of the study were retained after excluding 
SNPs associated with confounding factors and outcomes. SNPs with incompatible alleles or palindromic characteristics 
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and intermediate allele frequencies were also removed. Scatter plots visually represented the effects of the selected 25 
SNPs on both hypothyroidism and AA, while funnel plots illustrated the distribution of individual SNP effects 
(Figures 2A, B and 3A, B). Forest plots were employed to visualize the impact of each SNP on outcome estimations 
(Supplementary Figure 1). Heterogeneity analysis using the MR-Egger test indicated no clear evidence of heterogeneity 
among the hypothyroidism-related SNPs. The MR-Egger method reported a Cochran’s Q statistic of 23.45, with 
a p-value greater than 0.05 (p = 0.377) for AA (Table 1). Consequently, the IVW method with a fixed effects model 
was predominantly used for causal estimation.

MR analysis indicates a causal relationship between hypothyroidism and AA. The main results are derived from the 
IVW method (OR, 1.34; CI, 1.16–1.56; P = 0.0001), MR-Egger (OR, 1.56; CI, 1.09–2.23; P = 0.0240), and the weighted 
median (OR, 1.34; CI, 1.06–1.69; P = 0.0140). Additionally, the results from the simple mode (OR, 1.23; CI, 0.80–1.89; 
P = 0.3600) and weighted mode (OR, 1.26; CI, 0.93–1.71; P = 0.1480) (Figure 4A) estimations show a similar trend in 
the impact of hypothyroidism on AA, although not reaching statistical significance. As mentioned earlier, the IVW 
method was adopted as the primary and most effective analytical approach in this study, leading to the conclusion that 
genetically predicted hypothyroidism is associated with an increased risk of AA.

However, the MR analysis did not reveal any association between hypothyroidism and AGA. No significant 
heterogeneity was observed, with a Q statistic of 27.72 (p = 0.185) obtained from the MR-Egger method (Table 1). 
The results of the fixed effects IVW, MR-Egger, weighted median, simple mode, and weighted mode analyses 
collectively reveal that there was no clear causal relationship between genetically predicted hypothyroidism and the 
risk of AGA, with all p-values greater than 0.05 (Figure 4B).

Sensitivity Analyses
No conclusive evidence of substantial statistical heterogeneity was observed among the hypothyroidism-related SNPs 
concerning their impact on AA, as mentioned previously. Additionally, the MR-Egger intercept analysis showed no signs 
of directional pleiotropy (intercept = −0.027, SE = 0.030, p = 0.38), suggesting that potential confounding factors through 
alternate pathways were unlikely to affect the relationship between exposure and outcome. MR-PRESSO analysis 

Figure 2 Scatter plots illustrating the effects of SNPs on hypothyroidism, AA and AGA. The x-axis represents the impact of each SNP on hypothyroidism, while the y-axis 
represents the impact of each SNP on AA (A) and AGA (B).
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indicated the absence of directional pleiotropy and outliers for the IVs (p-global test = 0.371). The leave-one-out analysis 
yielded results consistent with the primary MR studies, suggesting that no individual SNP significantly influenced the 
outcomes and emphasizing the robustness and reliability of the MR studies (Supplementary Figure 2).

Discussion
Based on the findings of this study, there is evidence supporting a causal association between hypothyroidism and AA. 
These results are substantiated by a series of sensitivity analyses. However, no causal relationship was identified between 
hypothyroidism and AGA. This reaffirms the notion that the connection between AA and the immune system is more 
closely linked compared to AGA. Unfortunately, employing the most stringent Bonferroni correction with a “gold 
standard” threshold of 5e-8, no effective SNPs were identified in the genomic databases for AA and AGA. Hence, 
reverse MR tests could not be completed.

Some previous epidemiological cohort studies have proposed a potential association between hypothyroidism and 
AA. In one of the largest disease association studies, a nationwide investigation in Taiwan involving 4334 patients with 
AA revealed associations with thyroid disease (OR 1.89, 95% CI 1.68–2.13) among all patients compared to control 
subjects.19 According to Bakry et al’s study, 16% of patients with AA were diagnosed with subclinical hypothyroidism.35 

Figure 3 Funnel plots of hypothyroidism SNPs for AA (A) and AGA (B).

Table 1 Heterogeneity analysis of the hypothyroidism-related genetic variants 
in the AA and AGA GWAS datasets

Exposure Outcome MR Methods Q statistic Q-dif p-value

Hypothyroidism AA IVW 24.32 23 0.386

MR–Egger 23.45 22 0.377

AGA IVW 27.79 23 0.224

MR–Egger 27.72 22 0.185
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Marahatta et al’s study revealed a statistically significant prevalence of subclinical hypothyroidism, specifically 16%, in 
the AA group. They strongly recommend considering thyroid function evaluation in patients with AA.36 Lyakhovitsky 
et al’s study revealed a significant association between AA and thyroid abnormalities (16% hypothyroidism).37 Park 
et al’s study also observed an increased incidence of thyroid dysfunction and thyroid autoimmunity in AA patients, 
particularly those with severe AA.38 However, possibly influenced by factors such as sample size and ethnicity, some 
studies present contrasting results. For instance, in Saylam Kurtipek et al’s study, they identified elevated anti- 
thyroglobulin (anti-TG) levels in 2.2% of AA patients, elevated anti-thyroid peroxidase antibodies (anti-TPO) in 
14.1%, elevated thyroid-stimulating hormone (TSH) in 7.6%, elevated free thyroxine (fT4) in 1.1%, and elevated free 
triiodothyronine (fT3) levels in 5.4%. Unlike previous research, these findings indicate a lower incidence of impaired 
thyroid functions and thyroid autoantibodies in patients with AA. As a result, the researchers suggested that a detailed 
examination might not be necessary for patients with AA who lack a clinical history.39 Shrestha et al’s study suggested 
that there was no significant association between AA and thyroid function tests.40

In investigating the association between exposure factors and outcomes, limitations in experimental conditions or 
ethical considerations may preclude the possibility of conducting randomized controlled trials. Currently, no randomized 
controlled trials have been conducted regarding the association between hypothyroidism and AA. The use of genetic 
variations as IVs in MR can provide conclusions that are not only more reliable but also comparable to the results of 
randomized controlled trials, surpassing the outcomes of observational or retrospective studies. Our study proposes that 
hypothyroidism may play a causal role in the development of AA, but not in AGA. These results offer new perspectives 
on the mechanisms underlying AA and contribute to resolving contentious issues in observational studies. However, it 
remains crucial to conduct future high-quality randomized controlled studies with substantial sample sizes to further 
validate this association.

Figure 4 Forest plot of the association between hypothyroidism and AA (A) and AGA (B).
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This study’s notable strength lies in being the first, to our knowledge, to employ a two-sample MR analysis to explore 
the causal association between hypothyroidism and both AA and AGA. Simultaneously, we utilized the latest data from 
the FinnGen database for analysis.31 In comparison to observational studies, this analytical method is less susceptible to 
confounding, reverse causation, and measurement exposure errors. By adopting a more conservative and iterative 
approach, we minimized heterogeneity, confirmed the consistency of point estimates pre- and post-removal of outliers, 
thereby reinforcing the evidence. A series of sensitivity analyses further validated the robustness of the results. The 
findings appear unaffected by pleiotropy, as consistent results were obtained in sensitivity analyses, and no outliers were 
detected using both the IVW and MR-PRESSO methods. However, it is essential to note that the study results are based 
on data from patients of European descent, potentially limiting generalizability to other ethnicities.

Conclusions
In this MR study, the results indicate a causal association between hypothyroidism and the onset of AA, but no 
association with AGA. The findings are of utmost importance as they address contentious issues observed in observa-
tional studies. They contribute to an enhanced understanding of the pathogenic mechanisms underlying AA and raise 
awareness among clinicians about the potential risk of AA in individuals with hypothyroidism, thereby improving patient 
prognostic outcomes. This study suggests that comprehensive thyroid function assessments are necessary for patients 
with AA, emphasizing the importance of thorough clinical examinations. Future research at the basic level is warranted 
to elucidate the pathophysiological mechanisms of AA in patients with hypothyroidism.
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