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Abstract

Background: Sarcoidosis is a multiple systemic granulomatous disease, and its main 
pathological feature is non-caseous necrotic epithelial granuloma. The pathogenesis is 
not fully understood. The prevalence of thyroid disease is likely higher among individuals 
with sarcoidosis. However, this association still lacks clinical evidence.
Objective: The aim of this study was to estimate the incidence of thyroid disease in 
patients with sarcoidosis.
Methods: A literature search was conducted using PubMed, Web of Science, Embase, and 
China National Knowledge Infrastructure literature databases. Fixed- or random-effects 
models were used for analysis according to heterogeneity. The results were subjected to 
meta-analysis with odds ratios (ORs) and corresponding 95% confidence intervals (CIs).
Results: In total, six articles were included in this meta-analysis, which involved 2044 
sarcoidosis cases and 5652 controls. The studies found that the incidence of thyroid 
disease in patients with sarcoidosis was significantly increased compared to the controls 
(OR 3.28, 95% CI 1.83–5.88).
Conclusions: This systematic review is the first to evaluate the incidence of thyroid disease 
in sarcoidosis patients, which was increased compared with the controls, suggesting that 
sarcoidosis patients should be screened for thyroid disease.

Introduction

Sarcoidosis is a multiple systemic granulomatous disease 
(1). Its main pathological feature is non-caseous necrotic 
epithelial granuloma, which affects the lung, lymph 
nodes, and other organs. At present, the pathogenesis 
of sarcoidosis is unclear, and the existing research 
supports that individuals with genetic susceptibility 
have granulomatous reactions due to immune 
dysfunction caused by special antigens (2, 3). The clinical 
manifestations of sarcoidosis are complex and diverse, 
without specific. The common symptoms of sarcoidosis 
patients are bilateral hilar lymphadenopathy, with (or 

without) diffuse changes in the pulmonary interstitium. 
Other symptoms are often manifested in the skin, eyes, 
heart, liver, spleen, and lymph nodes. Some patients  
are diagnosed in the physical examination without 
obvious clinical symptoms (4).

The first case of sarcoidosis and thyroid disease 
was reported in 1938 (5). Recently, studies about the 
relationship between sarcoidosis and thyroid disease  
have increased. Several studies have revealed a high 
prevalence of thyroid disease in sarcoidosis patients 
(6, 7, 8, 9, 10, 11, 12). However, most of these studies 
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were cross-sectional surveys and lacked agreement. 
This meta-analysis aims to summarize the incidence of  
thyroid disease in patients with sarcoidosis.

Methods

Search

The PROSPERO registration number of our meta- 
analysis is CRD42020154711. The following search 
terms were used for the title or abstract: ‘sarcoidosis’ 
in combination with the terms ‘thyroid disease’, 
‘thyroiditis’, ‘thyroid antibody’, ‘hypothyroidism’, or 
‘hyperthyroidism’. The search period was set between  
1980 and 2022. We simultaneously traced the references 
of the collected relevant literature, searched for studies 
that met the inclusion criteria, and eliminated duplicate 
studies. This meta-analysis was performed in accordance 
with the PRISMA guidelines, and we have provided the 
PRISMA list in Supplementary File 1 (see section on 
supplementary materials given at the end of this article).

Inclusion criteria

Only studies which met the following criteria were 
included in this meta-analysis: (i) all cases were  
confirmed by a doctor, not by a record or based on self-
reports; (ii) case–control design; and (iii) sufficient data 
of cases and controls that could allow us to calculate the 
odds ratio (OR) with 95% confidence interval (CI) and a 
P-value. Reviews, case reports, letters, and animal research 
were excluded.

The thyroid disease group was defined as a group 
of patients with any abnormal thyroid function test 
or elevated thyroid antibodies. The thyroid antibody- 
positive group was defined as a group of patients 
with elevated thyroid antibodies. The clinical thyroid 
group was defined as patients with hypothyroidism or 
hyperthyroidism.

Data extraction and risk of bias

Two researchers independently and simultaneously 
screened the literature based on the inclusion and 
exclusion criteria by reading article titles, abstracts, 
and full texts. A third researcher was asked to intervene 
and finalize the decision in cases of disagreement. 
The extracted data included author, year, survey area,  
sample source, research object characteristics, and  
sample size.

The Newcastle–Ottawa Scale (NOS) is a risk of a bias 
assessment tool for observational studies recommended 
by the Cochrane Collaboration (13). The quality of the 
included studies was evaluated according to the NOS.  
The NOS includes three aspects: the selection method 
of the case and control groups, the comparability of the 
case and control groups, and the evaluation method 
of exposure. The NOS ranged from zero to nine stars,  
and the quality was based on star scores.

Bias was also assessed with the ROBINS-I (risk of 
bias in non-randomized studies-of interventions) tool 
for nonrandomized studies. The ROBINS-I tool views 
each study as an attempt to emulate a hypothetical  
pragmatic randomized trial and assesses seven domains 
through which bias might be introduced: bias due 
to confounding, bias in the selection of participants  
into the study, bias in classification of interventions,  
bias due to deviations from intended interventions, 
bias due to missing data, bias in the measurement of  
outcomes, and bias in the selection of the reported  
result. The judgments within each domain carry  
forward to an overall risk of bias of: ‘Low’, ‘Moderate’, 
‘Serious’, ‘Critical’ or ‘No information’ (14).

Statistical analysis

OR with corresponding 95% CIs were determined as 
the results of the meta-analysis. Meta-analysis was  
conducted using Stata 12.0 software (College Station, 
TX, USA). First, a heterogeneity test was performed using  
the I2. If I2 < 50%, a fixed-effects model is used;  
If I2 ≥ 50%, heterogeneity is significant, and a random-
effects model is used. The stability of the meta-
analysis results was evaluated by a sensitivity analysis.  
Low-quality literature was excluded, and the impact 
of a single study on the overall research results was  
excluded for each study. Publication bias was tested 
using Begg’s test. Differences were considered statistically 
significant at P < 0.05.

Results

In total, 1787 studies were retrieved from PubMed,  
Web of Science, Embase, and CNKI databases. After 
screening, six articles were included in the meta-analysis 
(15, 16, 17, 18, 19, 20). The reasoning for inclusion  
during the full-text selection is shown in Fig. 1.  
Altogether, the six articles included 2044 sarcoidosis  
cases and 5651 controls. The characteristics of the  
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selected studies are summarized in Tables 1 and 2. Overall, 
in accordance with the suggested criteria for Selection, 
Comparability, and Exposure categories of the NOS, the 
studies included in this meta-analysis were of acceptable 
quality. The ROBINS-I assessment of study bias for 
included studies was presented in Supplementary File 2.

Results of the meta-analysis

The results of the meta-analysis showed that the  
prevalence of thyroid disease in patients with sarcoidosis 
was higher than that in controls (OR 3.28, 95% CI 
1.83–5.88). In addition, the association showed high 
heterogeneity (I2 = 79.9%). The forest plots of the 
frequency of thyroid disease in patients with sarcoidosis 
compared with the controls are presented in Fig. 2. The 
prevalence of clinical thyroid disease was higher in 
patients with sarcoidosis than in the controls (OR 2.66, 
95% CI 1.44–4.90) (Fig. 3). Furthermore, we investigated 
the relationship between different thyroid antibodies  
and sarcoidosis. The prevalence of TPOAb positive 
was higher in sarcoidosis patients than in the controls 
(Table 3). As a result of the studies involving different 
races, subgroups were analyzed based on the different 
races on which the studies were performed. The subgroup 
analysis results showed a higher correlation in Caucasian 
than Asian (Asian: OR 3.05, 95% CI 0.84–11.10; Caucasian: 
OR 3.74, 95% CI 1.51–9.24) (Fig. 4).

Sensitivity analysis and publication bias

Using the sensitivity analysis by excluding individual 
studies one by one, the results showed little difference, 
suggesting that the results of this study were relatively 
credible (Fig. 5). A comprehensive search of the  
articles obtained from the database was performed.  
Begg’s test was also performed, and the results showed  
that the possibility of publication bias was small.

Discussion

This meta-analysis is the first to evaluate the pooled 
incidence of thyroid disease in sarcoidosis patients. 
Some studies have assessed the risk of thyroid disease 
in sarcoidosis patients; however, due to inconsistent 
results in these studies, it is difficult to determine the 
relationship between sarcoidosis and thyroid disease. In 
this meta-analysis, 6 independent studies were included 
and analyzed. The results showed that the incidence of  
thyroid disease was significantly increased in sarcoidosis 
patients than in the controls (OR 3.28, 95% CI 1.83–5.88).

The prevalence and incidence rate of sarcoidosis is 
related to age, gender, race, and region. It is reported  
that Afro-Caribbeans and African Americans are the 
two ethnic groups most affected by sarcoidosis (21). 
According to data from Sweden, the total prevalence rate is  

Figure 1
Flowchart showing the detailed procedure for the 
inclusion or exclusion of studies.
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Table 1 Study characteristics of the published studies included in the meta-analysis.

Study
Publication 

year Study period Region Population
Case 

(n)
Control 

(n) Case factor Control factor NOS

Nakamura 
et al. (15)

1997 - Japan Age ≥ 40 
years old

45 170 34F 11M, 54.2 ± 6.9 
years, the patients 
were diagnosed by 
a combination of 
clinical, 
radiographical, and 
histological findings

Control I: 88 
employees 
(43F 45M, 49.3 
± 6.3 years) 
worked in the 
Hamamatsu 
University 
Hospital 
selected at 
random 
during a 
regular annual 
physical 
examination

7

Control II: 82 
company 
workers (17F 
65M, 45.5 ± 
5.5 years)

Ilias et al. 
(16)

1998 - Greece Adults 26 26 19F 7M, 31–78 years, 
57 ± 3 years, 21 
patients were newly 
diagnosed, 5 
patients presented 
with a reactivated 
disease

Age- and 
sex-matched 
patients with 
chronic 
obstructive 
pulmonary 
disease

7

Antonelli 
et al. (17)

2005 - Italy Adults 111 333 75F 36M, 47 ± 12 
years, all patients 
were proven by 
biopsy

Age- and 
sex-matched 
subjects of the 
background 
population 
from the same 
geographic 
area

8

Malli et al. 
(18)

2012 2007–2010 Greece Adults 68 75 45F 23M, 53.08 ± 11.6 
years, all patients 
were proven by 
biopsy

59F 16M, 50.78 
± 13.57 years, 
age-matched 
healthy 
volunteers

8

Nowiński 
et al. (19)

2015 2007–2011 Poland Adults 557 100 266F 291M, 48.43 ± 
12.0 years, all 
patients were 
proven by biopsy

44F 56M, 49.25 
± 10.3 years, 
age-matched 
healthy 
volunteers

8

Wu et al. 
(20)

2016 1997–2010 China Adults 1237 4948 776F 461M, 34–57 
years, all patients 
diagnosed by 
dermatologists, 
ophthalmologists, 
or internal medicine 
specialists including 
rheumatologists 
and pulmonologists 
for at least three 
consecutive times in 
outpatient service

3104F 1844M, 
34–57 years, 
age- and sex 
-matched 
healthy 
volunteers

8

NOS, Newcastle–Ottawa Scale.
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160 per 100,000 people (22). The prevalence of sarcoidosis 
in African Americans is 141 per 100,000 people, while 
Caucasians in the same region are only 49.8 per 100,000 
people (23). Whether sarcoidosis can be classified as 
an autoimmune disease has always been controversial. 
Some researchers believe that the gender orientation of 
sarcoidosis is not strong, specific autoantibodies have 
not been found, and it is most common in the lungs  
and thoracic lymph nodes rather than common 
autoimmune diseases such as skin and joints involving 

organs. Therefore, it cannot be classified as an  
autoimmune disease (24). But there is also a lot of 
evidence that suggests similarities between sarcoidosis 
and autoimmune diseases, such as lupus erythematosus, 
rheumatoid arthritis, Sjogren’s syndrome, and other 
autoimmune diseases (25). HLA genotypes are also related 
to disease susceptibility and prognosis. In a national- 
level questionnaire-based study conducted on 3835 
self-reported sarcoidosis patients, they educated that 
hypothyroidism is a prevalent coexisting disease in 

Table 2 Details of thyroid disease in patients with sarcoidosis and controls in the study (n).

Study
Thyroid disease

Thyroid antibody positive
Clinical thyroid diseaseTgAb positive TPOAb positive

Case Control Case Control Case Control Case Control

Nakamura et al. (15) 17 15 15 14 10 8 - -
Llias et al. (16) 3 0 3 0 0 0 - -
Antonelli et al. (17) 46 95 11 46 29 52 28 34
Malli et al. (18) 42 13 4 3 17 7 20 13
Nowiński et al. (19) 73 4 - - - - 73 4
Wu et al. (20) 143 359 - - - - 143 359

TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody.

Figure 2
Forest plots of the frequency of thyroid disease in patients with sarcoidosis compared with the controls. The diamond represents the pooled OR  
and 95% CI.
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sarcoidosis patients and sarcoidosis patients with 
hypothyroidism have more multiple organ presentations, 
such as skin, joints, eyes, liver, and lacrimal glands 
showing sarcoid presentations than typical pulmonary 
sarcoidosis (26).

Both sarcoidosis and thyroid disease have been 
associated with HLA genes. Brewerton first reported an 
HLA-88 association with acute sarcoidosis (27). Another 
study showed HLA-B and HLA-DRB1 association with 
both sarcoidosis and thyroid disease (28, 29, 30). Papi 
demonstrated that class I HLA and class II might play 
complementary roles in promoting both thyroid disease 
and sarcoidosis through a common immunopathogenic 
pathway (31). The association between Hashimoto’s 

thyroiditis and sarcoidosis could be due to increased 
thyroid-specific T-cell activation caused by increased 
expression of Th1/Th17 cells in both diseases (32).

This meta-analysis aimed to statistically evaluate 
the incidence of thyroid disease in sarcoidosis patients. 
However, this work has some limitations. Due to the lack 
of randomized controlled trials, the studies in this meta-
analysis were only case-control studies. Some studies 
used volunteers with other skin diseases, except for  
autoimmune disorders, as controls instead of healthy 
volunteers. In addition, the variability of the test  
methods used in each study, with time points varying by 
more than 20 years, may have an impact on the results. 
Therefore, the results of this meta-analysis should 

Figure 3
Forest plots of the frequency of clinical thyroid disease in patients with sarcoidosis compared with the controls. The diamond represents the pooled OR 
and 95% CI.

Table 3 Results of the subgroup analysis of the correlation between different thyroid antibodies and sarcoidosis.

Study (n) Odds ratio
95% Confidence 

intervals Method
Heterogeneity

I2 P

TgAb positive Chen & Moller (4) 2.17 0.56–8.32 Random, Mantel-Haenszel 80.10% 0.001
TPOAb positive Chen & Moller (4) 2.95 1.53–5.68 Random, Mantel-Haenszel 50.3% 0.134

TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody.
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Figure 4
Forest plots of the different races in patients with sarcoidosis compared with the controls. The diamond represents the pooled OR and 95% CI.

Figure 5
The sensitivity analysis results.
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be interpreted cautiously. More high-quality studies 
are needed to better support the association between  
thyroid disease and sarcoidosis.

Conclusion

This systematic review is the first to evaluate the pooled 
incidence of thyroid disease in sarcoidosis patients. The 
results of our meta-analysis support the hypothesis that 
the prevalence of thyroid disease is higher in patients  
with sarcoidosis compared to controls, which suggests 
that sarcoidosis patients should be screened for thyroid 
disease.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-23-0157.

Declaration of interest
The authors have nothing to disclose.

Funding
This research was financially supported by the Natural Science Foundation 
of Jiangsu Province (grant No. BK20200204).

Ethical approval and consent to participate
Not applicable.

Availability of data and materials
All data relevant to the study are included in the article or uploaded as 
supplemental information.

Consent for publication
Not applicable.

Ethical guidelines
Not applicable.

Author contribution statement
Caihong Xin: Conceptualization, Methodology; Jing Xie: Data curation, 
Writing-Original draft preparation; Lijuan Niu: Software, Validation. 
Huaying Fan: Visualization, Investigation. Xin Sun: Writing-Reviewing and 
Editing.

Acknowledgements
The authors would like to thank Editage (www.editage.cn) for English 
language editing.

References
 1 Baughman RP, Culver DA & Judson MA. A concise review of 

pulmonary sarcoidosis. American Journal of Respiratory and 
Critical Care Medicine 2011 183 573–581. (https://doi.org/10.1164/
rccm.201006-0865CI)

 2 Dempsey OJ, Paterson EW, Kerr KM & Denison AR. Sarcoidosis. BMJ 
2009 339 b3206. (https://doi.org/10.1136/bmj.b3206)

 3 Baughman RP, Lower EE & Gibson K. Pulmonary manifestations 
of sarcoidosis. Presse Medicale 2012 41 e289–e302. (https://doi.
org/10.1016/j.lpm.2012.03.019)

 4 Chen ES & Moller DR. Sarcoidosis-scientific progress and clinical 
challenges. Nature Reviews. Rheumatology 2011 7 457–467. (https://doi.
org/10.1038/nrrheum.2011.93)

 5 Spencer J & Warren S. Boeck’s sarcoid: report of a case, with clinical 
diagnosis confirmed at autopsy. Archives of Internal Medicine 1938 62 
285–296. (https://doi.org/10.1001/archinte.1938.00180130106007)

 6 Leppard B. Sarcoidosis and hyperthyroidism. Proceedings 
of the Royal Society of Medicine 1971 64 396. (https://doi.
org/10.1177/003591577106400424)

 7 Christianson HB & Mitchell WT. Sarcoidosis and myxedema. Southern 
Medical Journal 1972 65 749–752. (https://doi.org/10.1097/00007611-
197206000-00024)

 8 Cohen JD & Clarke SW. Sarcoidosis and thyrotoxicosis. Proceedings 
of the Royal Society of Medicine 1974 67 220–221. (https://doi.
org/10.1177/003591577406700323)

 9 Lender M & Dollberg L. Coincidence of sarcoidosis and Hashimoto’s 
thyroiditis. American Review of Respiratory Disease 1975 112 113–117. 
(https://doi.org/10.1164/arrd.1975.112.1.113)

 10 Sasaki H, Harada T, Eimoto T, Matsuoka Y & Okumura M. 
Concomitant association of thyroid sarcoidosis and Hashimoto’s 
thyroiditis. American Journal of the Medical Sciences 1987 294 441–443. 
(https://doi.org/10.1097/00000441-198712000-00009)

 11 Bell NH. Endocrine complications of sarcoidosis. Endocrinology and 
Metabolism Clinics of North America 1991 20 645–654. (https://doi.
org/10.1016/S0889-8529(18)30262-7)

 12 Fazzi P, Fallahi P & Ferrari SM. Sarcoidosis and thyroid autoimmunity. 
Frontiers in Endocrinology 2017 8 177. (https://doi.org/10.3389/
fendo.2017.00177)

 13 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M & 
Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality 
of nonrandomised studies in meta-analyses. (available at: http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp) 

 14 Sterne JA, Hernán MA, Reeves BC, Savovi´c J, Berkman ND, 
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, et al. 
Robins-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ 2016 355 i4919. (https://doi.org/10.1136/bmj.i4919)

 15 Nakamura H, Genma R, Mikami T, Kitahara A, Natsume H, Andoh S, 
Nagasawa S, Nishiyama K, Chida K, Sato A, et al. High incidence of 
positive autoantibodies against thyroid peroxidase and thyroglobulin 
in patients with sarcoidosis. Clinical Endocrinology 1997 46 467–472. 
(https://doi.org/10.1046/j.1365-2265.1997.1630976.x)

 16 Ilias I, Panoutsopoulos G, Batsakis C, Nikolakakou D, Filippou N 
& Christakopoulou I. Thyroid function and autoimmunity in 
sarcoidosis: a case-control study. Croatian Medical Journal 1998 39 
404–406.

 17 Antonelli A, Fazzi P, Fallahi P, Ferrari SM & Ferrannini E. Prevalence 
of hypothyroidism and Graves disease in sarcoidosis. Chest 2006 130 
526–532. (https://doi.org/10.1378/chest.130.2.526)

 18 Malli F, Bargiota A, Theodoridou K, Florou Z, Bardaka F, Koukoulis GN, 
Gourgoulianis KI & Daniil Z. Increased primary autoimmune thyroid 
diseases and thyroid antibodies in sarcoidosis: evidence for an 
under-recognised extrathoracic involvement in sarcoidosis? Hormones 
(Athens) 2012 11 436–443. (https://doi.org/10.14310/horm.2002.1375)

 19 Nowiński A, Puścińska E, Goljan A, Peradzynska J, Bednarek M, 
Korzybski D, Kamiński D, Stokłosa A, Czystowska M, Śliwiński P, 

This work is licensed under a Creative Commons 
Attribution 4.0 International License.https://doi.org/10.1530/EC-23-0157

https://ec.bioscientifica.com © 2023 the author(s)
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 08/07/2023 06:37:21AM
via free access

https://doi.org/10.1530/EC-23-0157
https://doi.org/10.1530/EC-23-0157
www.editage.cn
https://doi.org/10.1164/rccm.201006-0865CI
https://doi.org/10.1164/rccm.201006-0865CI
https://doi.org/10.1136/bmj.b3206
https://doi.org/10.1016/j.lpm.2012.03.019
https://doi.org/10.1016/j.lpm.2012.03.019
https://doi.org/10.1038/nrrheum.2011.93
https://doi.org/10.1038/nrrheum.2011.93
https://doi.org/10.1001/archinte.1938.00180130106007
https://doi.org/10.1177/003591577106400424
https://doi.org/10.1177/003591577106400424
https://doi.org/10.1097/00007611-197206000-00024
https://doi.org/10.1097/00007611-197206000-00024
https://doi.org/10.1177/003591577406700323
https://doi.org/10.1177/003591577406700323
https://doi.org/10.1164/arrd.1975.112.1.113
https://doi.org/10.1097/00000441-198712000-00009
https://doi.org/10.1016/S0889-8529(18)30262-7
https://doi.org/10.1016/S0889-8529(18)30262-7
https://doi.org/10.3389/fendo.2017.00177
https://doi.org/10.3389/fendo.2017.00177
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1046/j.1365-2265.1997.1630976.x
https://doi.org/10.1378/chest.130.2.526
https://doi.org/10.14310/horm.2002.1375
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0157
https://ec.bioscientifica.com


C Xin et al. e23015712:9

et al. The influence of comorbidities on mortality in sarcoidosis: a 
observational prospective cohort study. Clinical Respiratory Journal 
2017 11 648–656. (https://doi.org/10.1111/crj.12398)

 20 Wu CH, Chung PI, Wu CY, Chen YT, Chiu YW, Chang YT & Liu HN. 
Comorbid autoimmune diseases in patients with sarcoidosis: a 
nationwide case control study in Taiwan. Journal of Dermatology 2017 
44 423–430. (https://doi.org/10.1111/1346-8138.13654)

 21 Spagnolo P. Sarcoidosis: a critical review of history and milestones. 
Clinical Reviews in Allergy and Immunology 2015 49 1–5. (https://doi.
org/10.1007/s12016-015-8480-0)

 22 Arkema EV, Grunewald J, Kullberg S, Eklund A & Askling J. Sarcoidosis 
incidence and prevalence: a nationwide register-based assessment in 
Sweden. European Respiratory Journal 2016 48 1690–1699. (https://doi.
org/10.1183/13993003.00477-2016)

 23 Baughman RP, Field S, Costabel U, Crystal RG, Culver DA, Drent M, 
Judson MA & Wolff G. Sarcoidosis in America. Analysis based on 
health care use. Annals of the American Thoracic Society 2016 13 
1244–1252. (https://doi.org/10.1513/AnnalsATS.201511-760OC)

 24 Sharma OP. Sarcoidosis and other autoimmune disorders. Current 
Opinion in Pulmonary Medicine 2002 8 452–456. (https://doi.
org/10.1097/00063198-200209000-00019)

 25 Starshinova AA, Malkova AM, Basantsova NY, Zinchenko YS, 
Kudryavtsev IV, Ershov GA, Soprun LA, Mayevskaya VA, Churilov LP 
& Yablonskiy PK. Sarcoidosis as an autoimmune disease. 
Frontiers in Immunology 2019 10 2933. (https://doi.org/10.3389/
fimmu.2019.02933)

 26 Alzghoul BN, Amer FN, Barb D, Innabi A, Mardini MT, Bai C, 
Alzghoul B, Al-Hakim T, Singh N, Buchanan M, et al. Prevalence and 
characteristics of self-reported hypothyroidism and its association 

with nonorgan-specific manifestations in US sarcoidosis patients: 
a nationwide registry study. ERJ Open Research 2021 7. (https://doi.
org/10.1183/23120541.00754-2020)

 27 Brewerton DA, Cockburn C, James DC, James DG & Neville E. HLA 
antigens in sarcoidosis. Clinical and Experimental Immunology 1977 27 
227–229.

 28 Grunewald J, Eklund A & Olerup O. Human leukocyte antigen class I 
alleles and the disease course in sarcoidosis patients. American Journal 
of Respiratory and Critical Care Medicine 2004 169 696–702. (https://
doi.org/10.1164/rccm.200303-459OC)

 29 Petrone A, Giorgi G, Galgani A, Alemanno I, Corsello SM, Signore A, 
Di Mario U, Nisticò L, Cascino I & Buzzetti R. CT60 single nucleotide 
polymorphisms of the cytotoxic T-lymphocyte-associated antigen-4 
gene region is associated with Graves' disease in an Italian 
population. Thyroid 2005 15 232–238. (https://doi.org/10.1089/
thy.2005.15.232)

 30 Marga M, Denisova A, Sochnev A, Pirags V & Farid NR. Two HLA 
DRB 1 alleles confer independent genetic susceptibility to Graves 
disease: relevance of cross-population studies. American Journal 
of Medical Genetics 2001 102 188–191. (https://doi.org/10.1002/
ajmg.1431)

 31 Papi G, Briganti F, Artioli F, Cavazza A, Carapezzi C, Roggeri A, 
Baldoni C, Carani C, Chiarini V & Roti E. Sarcoidosis of the thyroid 
gland associated with hyperthyroidism: review of the literature and 
report of two peculiar cases. Journal of Endocrinological Investigation 
2006 29 834–839. (https://doi.org/10.1007/BF03347380)

 32 Semiz H, Yalcin M & Kobak S. Marga of sarcoidosis and Hashimoto 
thyroiditis. Reumatismo 2018 70 106–110. (https://doi.org/10.4081/
reumatismo.2018.1017)

Received 24 April 2023
Accepted 30 June 2023
Available online 3 July 2023
Version of Record published 1 August 2023

This work is licensed under a Creative Commons 
Attribution 4.0 International License.https://doi.org/10.1530/EC-23-0157

https://ec.bioscientifica.com © 2023 the author(s)
Published by Bioscientifica Ltd

Downloaded from Bioscientifica.com at 08/07/2023 06:37:21AM
via free access

https://doi.org/10.1111/crj.12398
https://doi.org/10.1111/1346-8138.13654
https://doi.org/10.1007/s12016-015-8480-0
https://doi.org/10.1007/s12016-015-8480-0
https://doi.org/10.1183/13993003.00477-2016
https://doi.org/10.1183/13993003.00477-2016
https://doi.org/10.1513/AnnalsATS.201511-760OC
https://doi.org/10.1097/00063198-200209000-00019
https://doi.org/10.1097/00063198-200209000-00019
https://doi.org/10.3389/fimmu.2019.02933
https://doi.org/10.3389/fimmu.2019.02933
https://doi.org/10.1183/23120541.00754-2020
https://doi.org/10.1183/23120541.00754-2020
https://doi.org/10.1164/rccm.200303-459OC
https://doi.org/10.1164/rccm.200303-459OC
https://doi.org/10.1089/thy.2005.15.232
https://doi.org/10.1089/thy.2005.15.232
https://doi.org/10.1002/ajmg.1431
https://doi.org/10.1002/ajmg.1431
https://doi.org/10.1007/BF03347380
https://doi.org/10.4081/reumatismo.2018.1017
https://doi.org/10.4081/reumatismo.2018.1017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-23-0157
https://ec.bioscientifica.com

	Abstract
	Introduction
	Methods
	Search
	Inclusion criteria
	Data extraction and risk of bias
	Statistical analysis

	Results
	Results of the meta-analysis
	Sensitivity analysis and publication bias

	Discussion
	Conclusion
	Supplementary materials
	Declaration of interest
	Funding
	Ethical approval and consent to participate
	Availability of data and materials
	Consent for publication
	Ethical guidelines
	Author contribution statement
	Acknowledgements
	References

