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Background

Observational studies have shown that hyperthyroidism may increase the risk of cancer, but their causal effects and direction are unclear. We conducted a two-sample Mendelian randomization (MR) study to explore the associations between genetic predisposition to hyperthyroidism and nine common types of cancer, including prostate, lung, breast, colon, leukemia, brain, skin, bladder, and esophagus cancer.





Methods

We obtained summary statistics of hyperthyroidism and nine types of cancers from genome-wide association studies (GWAS). MR analysis is performed to investigate the potential causal relationship between hyperthyroidism and cancers. The inverse variance weighted (IVW) as the primary method was carried out. The robustness of the results was evaluated by sensitivity analysis.





Results

Genetically predicted hyperthyroidism was associated with a declining risk of occurrence of prostate cancer (odds ratio (OR)IVW= 0.859, P= 0.0004; OR MR-Egger=0.828, P= 0.03; OR weighted median= 0.827, P=0.0009). Additionally, there was a significant association between genetically predicted hyperthyroidism and colon cancer (OR IVW= 1.13, P= 0.011; OR MR-Egger= 1.31, P= 0.004; OR weighted median= 1.18, P= 0.0009). Hyperthyroidism was also suggestively correlated with a higher risk of leukemia based on the result of IVW and weighted median (OR IVW= 1.05, P= 0.01; OR weighted median= 1.08, P= 0.001). Results from a two-sample MR analysis suggested that hyperthyroidism was not associated with the risk of lung cancer, breast cancer, brain cancer, skin cancer, bladder cancer, and esophageal cancer.





Conclusion

Our study provides evidence of a causal relationship between hyperthyroidism and the risk of prostate cancer, rectal cancer, and leukemia. Further research is needed to clarify the associations between hyperthyroidism and other cancers.
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1 Introduction

Hyperthyroidism is a pathological disease caused by thyroid synthesis and secretion of excessive thyroid hormones (THs), characterized by normal or high thyroid radioactive iodine uptake (1). THs are known for their roles in metabolism, growth, and development (2, 3). Due to the critical role of thyroid hormones in cell proliferation and differentiation, some studies consider hyperthyroidism a potential and preventable risk factor for cancer (4, 5).

A growing number of studies have revealed the tumor-promoting effect of THs (4, 6, 7). THs specifically act on the membrane and nuclear receptors, leading to the activation of a variety of carcinogenic pathways, thereby activating cell growth, inhibiting apoptosis, and stimulating angiogenesis. For example, T3 can activate the carcinogenic phosphatidylinositol-3 kinase (PI3K) pathway through thyroid hormone receptor (TRs), resulting in target gene transcription and overexpression of hypoxia-inducible factor-1a (HIF-1 α) α subunit (8). It is a medium adapted to hypoxia and angiogenesis and is critical in tumor cell growth, invasion, and metastasis (9). Furthermore, similar results have been observed in some observational studies. For instance, A prospective cohort study including more than 10,000 participants by Khan et al. showed that higher free T4 (FT4) levels were associated with an overall higher risk of solid cancer (adjusted HR 1.42); The association was somewhat weakened, though by excluding patients who were taking thyroid-influencing drugs (10). Simultaneously, Yeh et al. conducted a large prospective study to explore the association between hyperthyroidism and cancer. They found that hyperthyroidism was associated with an increased cancer risk (adjusted HR 1.20) (11). And the risk of cancer was positively correlated with the duration of hyperthyroidism. However, a significant limitation of the available evidence is that the results of observational studies are susceptible to residual confounders and reverse causality; this impedes causal inference of the relationship between hyperthyroidism and cancer risk.

Mendel randomization (MR) has gradually been used in epidemiology in recent years to infer causality between exposure and disease outcomes based on genetic variation and Single-nucleotide polymorphism (SNPs) (12). In MR, the causal inference of exposure-outcome associations is explored using phenotype-related genetic variants as instrumental variables (13–15). Genetic variation meets the rule that alleles are randomly separated from parents to offspring and is determined by genetic variation at the time of conception. Therefore, compared with traditional observational studies, MR is not easily affected by population confounding factors (14). In this study, we performed a two-sample MR obtaining data from summary statistics from large-scale genome-wide association studies (GWAS) of hyperthyroidism and nine types of cancers to explore the causal effect of hyperthyroidism on the risk of nine cancers carcinogenesis.




2 Methods

The data used in this study came from published studies or GWAS summaries, which were publicly available. No additional ethical approval was required.



2.1 Genetic variants associated with hyperthyroidism

Figure 1 presented an overview of the study design. We obtained hyperthyroidism exposures from the MRC Integrative Epidemiology Unit (MRC-IEU) consortium with 462933(3545 cases with hyperthyroidism and 459388 controls) individuals of European ancestry (Table 1). 13 single-nucleotide polymorphisms (SNPs) significantly associated with hyperthyroidism were identified as instrumental variables that all meted the general genome-wide significance threshold (p < 5 × 10−8, linkage disequilibrium [LD] R2>0.001 within a 10,000 kb window). The detailed information of 13 independent, genome-wide SNPs was listed in Supplementary Table 1. The F-statistics was computed to assess weak instrument bias, and they were all larger than the conventional value of 10, showing the strong potential of the instruments to represent hyperthyroidism (16).




Figure 1 | Workflow of Mendelian randomization study revealing causality from hyperthyroidism on nine types of cancer. IVW, inverse variance weighted; MR, Mendelian randomization; SNP, single-nucleotide polymorphisms.




Table 1 | Basic information of population in the study.






2.2 GWAS summary data for outcome

Large-scale GWAS data were obtained for nine types of cancer (Prostate, Lung, Breast, Colon, Leukemia, Brain, Skin, Bladder, Esophagus) as outcome factors. We respectively obtained data on prostate cancer (6321 cancer cases and 354873 controls), breast cancer (9721 cancer cases and 351473 controls), and bladder cancer (1554 cancer cases 359640 controls) from GWAS meta-analysis from Neale lab Consortium involving European ancestry (Table 1). The data for lung cancer (2671 cancer cases and 372016 controls), colorectal cancer (5657 cancer cases and 372016 controls), leukemia (1260 cancer cases and 372016 controls), and brain cancer (606 cancer cases and 372016 controls) was derived from UK Biobank. For skin cancer, we obtained data from the MRC-IEU consortium, consisting of 3372 cancer cases and 459638 controls. This study used only published GWAS data and did not involve individual-level data. All exposure and outcome summary data came from the IEU OpenGWAS project (https://gwas.mrcieu.ac.uk/).




2.3 Statistical analyses

Several Mendelian randomization (MR) approaches, including the inverse variance weighted (IVW), weighted median, and MR-Egger, were used to investigate MR estimates of hyperthyroidism for nine cancers after harmonization of effect alleles across the GWASs of hyperthyroidism and nine cancers. Various approaches were performed because they had different fundamental assumptions about horizontal pleiotropy. An IVW meta-analysis of Wald ratios for individual SNPs was considered the primary outcome, assuming that the instruments could influence the outcome only by interest exposure and not through any alternative pathway (13). We additionally used MR-Egger and weighted median methods to complete IVW estimates since these methods provided more reliable estimates in a broader range of scenarios but could have been more efficient.

Sensitivity analysis was performed to explore underlying pleiotropy and the heterogeneity in the MR study. We represented potential horizontal pleiotropy with heterogeneity markers from the IVW approach (Cochran Q-derived P < 0.05). The MR-Egger regression was carried out to calculate the intercept indicating directional pleiotropy (P-value<0.05 was considered to be the existence of directional multiplicity), and the values greater than or less than zero indicated that the IVW estimate may be biased. Association estimates for SNP exposure and SNP outcome were involved in MR-Egger. We estimated the causal effect of exposure on outcomes with the weighted regression line slope independent of horizontal pleiotropy. The leave-one-out method was performed to assess the sensitivity of the results by sequentially removing one SNPs at a time to know whether the MR estimate was driven or biased by a single SNP.

The MR analysis was implemented by the package TwoSampleMR (version 0.4.25) in R (version 4.2.1).





3 Results



3.1 Instrumental variables selection

13 hyperthyroidism-related SNPs were identified, and the SNP information, including the name, chromosome location, effect allele (EA), other alleles, and effect allele frequency (EAF), was listed in Supplementary Table 1.




3.2 Causal effect from hyperthyroidism to nine type cancers

Figure 2 showed the results of estimated causal associations between hyperthyroidism and nine types of cancers. We found hyperthyroidism was associated with a declining risk of occurrence of prostate cancer (odds ratio (OR)IVW= 0.859, P= 0.0004; OR MR-Egger=0.828, P= 0.03; OR weighted median= 0.827, P=0.0009). Additionally, there was a significant association between genetically predicted hyperthyroidism and colon cancer (OR IVW= 1.13, P= 0.011; OR MR-Egger= 1.31, P= 0.004; OR weighted median= 1.18, P= 0.0009). The method of MR-Egger showed that hyperthyroidism was related to an increased risk of lung cancer (OR= 1.125, P= 0.03), while it was not significant in IVW and weighted median (All P>0.05). An increasing risk from hyperthyroidism to leukemia was found based on the result of IVW, and weighted median (OR IVW= 1.05, P= 0.01; OR weighted median= 1.08, P= 0.001), and MR-Egger failed to obtain a significant result (P= 0.051). The single SNP effect and the combined effects of each MR method were represented with the scatter plots (Supplementary Figure 1). We did not observe causal associations between hyperthyroidism and cancers of the breast, brain, skin, bladder, and esophagus (all P>0.05).




Figure 2 | Hazard Ratio plot for hyperthyroidism and nine types of cancer; IVW, inverse variance weighted.






3.3 Sensitivity analysis

We carried out pleiotropy, heterogeneity, and sensitivity analysis to further examine the reliability of the results. There was no statistical heterogeneity in the MR study with the method of MR-Egger and IVW (All P >0.05). Furthermore, no horizontal pleiotropy was found in the MR-Egger intercept tests (Supplementary Figure 2). The leave-one-out sensitivity analysis showed that the genetic prediction of estimating the causal effects between hyperthyroidism and nine cancers was robust (Supplementary Table 2).





4 Discussion

In the current study, a two-sample MR analysis using instrumental variables of large-scale GWAS was performed to evaluate the causal relationship between hyperthyroidism and nine types of cancers using genetic data from populations of European ancestry. We found a negative causal association between hyperthyroidism and prostate cancer. Simultaneously, hyperthyroidism is associated with increased colon cancer and leukemia incidence. Results from a two-sample MR analysis suggested that hyperthyroidism was unrelated to the risk of lung cancer, breast cancer, brain cancer, skin cancer, bladder cancer, and esophageal cancer.

Previous studies on the association between hyperthyroidism and colon cancer have yielded inconsistent results. In one of the reviewed studies, the association between thyroid dysfunction and cancer risks was analyzed, revealing an increased risk of thyroid, breast, and prostate cancers in individuals with hyperthyroidism. This finding suggests that excessive amounts of thyroid hormones may stimulate cancer cell proliferation in certain tissues (17). A nested case-control study conducted by Boursi et al. found that hyperthyroidism was associated with a modest increase risk of colon cancer (adjusted OR = 1.21). However, they also detected a similar risk in untreated hypothyroidism (adjusted OR = 1.16) (18). Abby L’Heureux et al., in a population-based case–control study, revealed the negative causal association between hyperthyroidism and colon cancer (adjusted OR 0.74) (19). The main reason for the discrepancy between the above results might be the heterogeneity of the study population. Our results in the two-sample MR analysis support a causal relationship between hyperthyroidism and a high risk of colon cancer. Our study population was mainly a European sample, which was consistent with the study’s main population by Boursi et al. But at the same time, it was worth noting that the application of our findings might be limited. In line with our MR results, previous studies had presented a positive relationship between hyperthyroidism and leukemia. For instance, Ghalaut et al. found that the values of FT3, FT4, T3, and T4 in patients with acute leukemia were significantly higher than those without. Moreover, lower TSH levels were observed in acute leukemia patients compared to controls.

An interesting finding in this study was that hyperthyroidism had a negative association with the risk of prostate cancer. This result was inconsistent with previous results. A community-dwelling population based on Busselton Health Survey showed a higher level of FT4 was associated with an increased risk of prostate cancer (20). Likewise, a prospective study by Alison M. Mondul et al. found a decreased risk of prostate cancer among men with a hypothyroid state (21). On the contrary, some hypotheses, such as the protective effect of thyroid hormone on cancer, have also been proposed (2, 22). For example, the TRα and TRβ genes encoded thyroid hormone receptors (TRs), which are ligand-dependent transcription factors in the nuclear receptor superfamily (22). There was growing evidence that these receptors also inhibited cell transformation and acted as tumor suppressors, apart from their roles in growth, development, and metabolism. Various tumors like lung and breast cancer were reported to associate with hormone receptor inactivation mutations, thereby preventing wild-type TRs from entering the target gene and producing hypothyroidism. The possible explanation behind the differences in the results of the association between hyperthyroidism and prostate cancer might be residual confounding or reverse causality in observational retrospective studies or a lack of strength in the MR study due to the relatively low number of prostate cancer cases. Need to be a more rigorous prospective randomized controlled study in the future to provide higher quality evidence to confirm these results.

There was a growing body of evidence suggesting that thyroid hormones played important roles in regulating cellular processes in various tissues and organs, including those relevant to cancer development and progression. The mechanisms underlying the effects of thyroid hormones on cancer cells have been shown to be multifaceted and complex, involving both nuclear hormone receptors and cell surface receptors (23). Studies suggested that thyroid hormones’ effects on tumor cells occur via nuclear hormone receptors and cell surface receptors on integrin αvβ3. In breast, brain, liver, thyroid, and colon cancers, thyroid hormones activated intracellular signaling pathways that promote cancer progression. Moreover, local levels of thyroid hormones were regulated via activation and deactivation of iodothyronine deiodinases in various organs, which affects cancer progression and development (24). Furthermore, recent research had also identified cuproptosis, a copper-dependent regulated cell death mechanism, as a potentially new treatment strategy for cancer. A lncRNA signature linked to cuproptosis was found to be associated with prognostic predictors for stomach adenocarcinoma (STAD), indicating its potential as a biomarker for risk stratification, evaluation of possible immunotherapy, and assessment of treatment sensitivity for STAD (25, 26). Although thyroid hormones played an important role in the processes related to cancer occurrence and progression, their mechanisms were complex and multifaceted. Further research was needed to better understand these mechanisms and developed targeted interventions based on thyroid hormone functional modulators. The results of these studies might provide guidance for the development of potential therapeutic strategies for individuals at risk of thyroid dysfunction and cancer.

Our MR results did not support the causal relationship between hyperthyroidism and the risk of lung cancer, breast cancer, brain cancer, skin cancer, bladder cancer, and esophageal cancer. It was noteworthy that the MR analysis obtained a positive association between hyperthyroidism and lung cancer from the method of MR-Egger, but not in IVW and weighted median. Considering the lack of statistical strength of MR analysis, we did not consider this association to be statistically significant (13, 16). A nationwide cohort study by Mette Søgaard et al. revealed that women with hyperthyroidism had a higher risk of breast cancer (27). Simultaneously, a large prospective population study reported that a low level of thyrotropin was related to an increased incidence of lung cancer. In addition, this association was more prominent after two years of follow-up (28). Turkyilmaz et al. prospectively found hyperthyroidism was linked to an increased incidence of esophageal cancer (29). There have been no observational studies on the relationship between hyperthyroidism and cancers of the brain, skin, and bladder up to now. The discrepancy between the observational study and our MR analysis might result from the inconsistency of the statistical methods and the subject population of the study.

This was the first MR study to assess the association between hyperthyroidism and nine site-specific cancers comprehensively. The main advantage of our research was the two-sample MR study design, which could reduce unobserved confounding and reverse causality and might lead to inconsistent results with observational studies (12, 30, 31). Furthermore, since our research uses only data from European populations, the results are likely unaffected by demographic stratification. But at the same time, it also limited the extension to other populations. However, several limitations of this study should be noted. A major limitation was that the number of cancer cases in the MR analysis was relatively less compared with controls, resulting in a relatively low estimation accuracy, which might lead to false negative results in this study. Then, we failed to conduct analysis at the patient level, such as hierarchical analysis of age, sex, race, and other information owing to the lack of original data (32, 33). In addition, horizontal pleiotropy was a common and challenging problem in MR analysis. However, we conducted sensitivity analyses like the leave-one-out method and MR-Egger and found no detectable directional pleiotropy. It showed that our results were not like to be affected by pleiotropy, but the possibility of bias cannot be ruled out. Last but not least, our study suggested a potential causal association between hyperthyroidism and types of cancer. Still, this analysis did not provide evidence for the specific mechanism of tumorigenesis due to the limitations of available data.




5 Conclusion

In summary, this two-sample MR study provided evidence of a positive causal association between hyperthyroidism, colon cancer, and leukemia. Simultaneously, it also suggested a negative causal relationship between hyperthyroidism and prostate cancer. The recommended treatment for subclinical and diagnosed hyperthyroidism might be a preventive strategy for colon cancer and leukemia. Moreover, further MR studies might be needed to evaluate the future relationship between hyperthyroidism and essential cancer risk factors.





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

FX and ZC contributed to the study’s conception and design. All authors contributed to the article and approved the submitted version.






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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1162224/full#supplementary-material




References

1. De Leo, S, Lee, SY, and Braverman, LE. Hyperthyroidism. Lancet (Lond Engl). (2016) 388(10047):906–18. doi: 10.1016/S0140-6736(16)00278-6

2. Lazar, MA. Thyroid hormone receptors: multiple forms, multiple possibilities. Endocrine Rev (1993) 14(2):184–93.

3. Yen, PM. Physiological and molecular basis of thyroid hormone action. Physiol Rev (2001) 81(3):1097–142. doi: 10.1152/physrev.2001.81.3.1097

4. Petranovic Ovcaricek, P, Verburg, FA, Hoffmann, M, Iakovou, I, Mihailovic, J, Vrachimis, A, et al. Higher thyroid hormone levels and cancer. Eur J Nucl Med Mol Imag. (2021) 48(3):808–21. doi: 10.1007/s00259-020-05018-z

5. Yuan, S, Kar, S, Vithayathil, M, Carter, P, Mason, AM, Burgess, S, et al. Causal associations of thyroid function and dysfunction with overall, breast and thyroid cancer: a two-sample mendelian randomization study. Int J Cancer (2020) 147(7):1895–903. doi: 10.1002/ijc.32988

6. Lin, HY, Su, YF, Hsieh, MT, Lin, S, Meng, R, London, D, et al. Nuclear monomeric integrin alphav in cancer cells is a coactivator regulated by thyroid hormone. FASEB J (2013) 27(8):3209–16. doi: 10.1096/fj.12-227132

7. Bergh, JJ, Lin, HY, Lansing, L, Mohamed, SN, Davis, FB, Mousa, S, et al. Integrin alphaVbeta3 contains a cell surface receptor site for thyroid hormone that is linked to activation of mitogen-activated protein kinase and induction of angiogenesis. Endocrinology (2005) 146(7):2864–71. doi: 10.1210/en.2005-0102

8. Moeller, LC, Dumitrescu, AM, Walker, RL, Meltzer, PS, and Refetoff, S. Thyroid hormone responsive genes in cultured human fibroblasts. J Clin Endocrinol Metab (2005) 90(2):936–43. doi: 10.1210/jc.2004-1768

9. Semenza, GL. Defining the role of hypoxia-inducible factor 1 in cancer biology and therapeutics. Oncogene (2009) 29(5):625–34. doi: 10.1038/onc.2009.441

10. Khan, SR, Chaker, L, Ruiter, R, Aerts, JG, Hofman, A, Dehghan, A, et al. Thyroid function and cancer risk: the Rotterdam study. J Clin Endocrinol Metab (2016) 101(12):5030–6. doi: 10.1210/jc.2016-2104

11. Hellevik, AI, Asvold, BO, Bjoro, T, Romundstad, PR, Nilsen, TI, and Vatten, LJ. Thyroid function and cancer risk: a prospective population study. Cancer Epidemiol Biomarkers Prev (2009) 18(2):570–4. doi: 10.1158/1055-9965.EPI-08-0911

12. Davey Smith, G, and Hemani, G. Mendelian randomization: genetic anchors for causal inference in epidemiological studies. Hum Mol Genet (2014) 23(R1):R89–98. doi: 10.1093/hmg/ddu328

13. Lee, CH, Cook, S, Lee, JS, and Han, B. Comparison of two meta-analysis methods: inverse-Variance-Weighted average and weighted sum of z-scores. Genomics Inform (2016) 14(4):173–80. doi: 10.5808/GI.2016.14.4.173

14. Tian, D, Zhang, L, Zhuang, Z, Huang, T, and Fan, D. A mendelian randomization analysis of the relationship between cardioembolic risk factors and ischemic stroke. Sci Rep (2021) 11(1):14583. doi: 10.1038/s41598-021-93979-y

15. Smith, GD, and Ebrahim, S. 'Mendelian randomization': can genetic epidemiology contribute to understanding environmental determinants of disease? Int J Epidemiol (2003) 32(1):1–22. doi: 10.1093/ije/dyg070

16. Pierce, BL, Ahsan, H, and Vanderweele, TJ. Power and instrument strength requirements for mendelian randomization studies using multiple genetic variants. Int J Epidemiol. (2011) 40(3):740–52. doi: 10.1093/ije/dyq151

17. Tran, TV, Kitahara, CM, de Vathaire, F, Boutron-Ruault, MC, and Journy, N. Thyroid dysfunction and cancer incidence: a systematic review and meta-analysis. Endocrine-related Cancer (2020) 27(4):245–59. doi: 10.1530/ERC-19-0417

18. Boursi, B, Haynes, K, Mamtani, R, and Yang, YX. Thyroid dysfunction, thyroid hormone replacement and colorectal cancer risk. J Natl Cancer Inst (2015) 107(6):djv084. doi: 10.1093/jnci/djv084

19. L'Heureux, A, Wieland, DR, Weng, CH, Chen, YH, Lin, CH, Lin, TH, et al. Association between thyroid disorders and colorectal cancer risk in adult patients in Taiwan. JAMA Netw Open (2019) 2(5):e193755. doi: 10.1001/jamanetworkopen.2019.3755

20. Chan, YX, Knuiman, MW, Divitini, ML, Brown, SJ, Walsh, J, and Yeap, BB. Lower TSH and higher free thyroxine predict incidence of prostate but not breast, colorectal or lung cancer. Eur J Endocrinol. (2017) 177(4):297–308. doi: 10.1530/EJE-17-0197

21. Mondul, AM, Weinstein, SJ, Bosworth, T, Remaley, AT, Virtamo, J, and Albanes, D. Circulating thyroxine, thyroid-stimulating hormone, and hypothyroid status and the risk of prostate cancer. PloS One (2012) 7(10):e47730. doi: 10.1371/journal.pone.0047730

22. Aranda, A, Martinez-Iglesias, O, Ruiz-Llorente, L, Garcia-Carpizo, V, and Zambrano, A. Thyroid receptor: roles in cancer. Trends Endocrinol Metab (2009) 20(7):318–24. doi: 10.1016/j.tem.2009.03.011

23. Gauthier, BR, Sola-García, A, Cáliz-Molina, M, Lorenzo, PI, Cobo-Vuilleumier, N, Capilla-González, V, et al. Thyroid hormones in diabetes, cancer, and aging. Aging Cell (2020) 19(11):e13260. doi: 10.1111/acel.13260

24. Lin, HY, Chin, YT, Yang, YC, Lai, HY, Wang-Peng, J, Liu, LF, et al. Thyroid hormone, cancer, and apoptosis. Compr Physiol (2016) 6(3):1221–37. doi: 10.1002/cphy.c150035

25. Tu, H, Zhang, Q, Xue, L, and Bao, J. Cuproptosis-related lncRNA gene signature establishes a prognostic model of gastric adenocarcinoma and evaluate the effect of antineoplastic drugs. Genes (2022) 13(12). doi: 10.3390/genes13122214

26. Tsvetkov, P, Coy, S, Petrova, B, Dreishpoon, M, Verma, A, Abdusamad, M, et al. Copper induces cell death by targeting lipoylated TCA cycle proteins. Sci (New York NY) (2022) 375(6586):1254–61. doi: 10.1126/science.abf0529

27. Sogaard, M, Farkas, DK, Ehrenstein, V, Jorgensen, JO, Dekkers, OM, and Sorensen, HT. Hypothyroidism and hyperthyroidism and breast cancer risk: a nationwide cohort study. Eur J Endocrinol (2016) 174(4):409–14. doi: 10.1530/EJE-15-0989

28. Lehrer, S, Diamond, EJ, Stone, NN, Droller, MJ, and Stock, RG. Serum triiodothyronine is increased in men with prostate cancer and benign prostatic hyperplasia. J urology. (2002) 168(6):2431–3. doi: 10.1016/S0022-5347(05)64161-4

29. Turkyilmaz, A, Eroglu, A, Aydin, Y, Yilmaz, O, and Karaoglanoglu, N. A new risk factor in oesophageal cancer aetiology: hyperthyroidism. Acta chirurgica Belgica (2010) 110(5):533–6. doi: 10.1080/00015458.2010.11680671

30. Wu, K, Liu, L, Shu, T, Li, A, Xia, D, and Sun, X. The relationship between processed meat, red meat, and risk of types of cancer: a mendelian randomization study. Front Nutr (2022) 9:942155. doi: 10.3389/fnut.2022.942155

31. Bowden, J, and Holmes, MV. Meta-analysis and mendelian randomization: a review. Res Synthesis Methods (2019) 10(4):486–96. doi: 10.1002/jrsm.1346

32. Bowden, J, Davey Smith, G, and Burgess, S. Mendelian randomization with invalid instruments: effect estimation and bias detection through egger regression. Int J Epidemiol (2015) 44(2):512–25. doi: 10.1093/ije/dyv080

33. Bowden, J. Misconceptions on the use of MR-egger regression and the evaluation of the InSIDE assumption. Int J Epidemiol (2017) 46(6):2097–9. doi: 10.1093/ije/dyx192




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 © 2023 Xu and Chen. 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-14-1162224-g001.jpg
Selection of SNPs associated with
hyperthyroidism/thyrotoxicosis from
GWAS summary data with genome-wide
significance(P <5 x 10-8).

Linkage disequilibrium (LD):Clumping
process (threshold: R2>0.001 ,window
size= 10,000 kb)

LD-independent SNPs
Removing the SNPs not found in

outcome GWAS(prostate cancer, breast
cancer, colorectal cancer, leukaemia,
brain cancer, skin cancer, bladder cancer,
oesophageal cancer) or being
palindromic with intermediate allele
frequencies

SNPs associated with
hyperthyroidism/thyrotoxicosis
were left as instrumental variables

MR(IVW, weighted median, MR-Egger) were
performed






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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Causal associations of hyperthyroidism with prostate cancer, colon cancer, and leukemia: a Mendelian randomization study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Genetic variants associated with hyperthyroidism

          



          		

            2.2 GWAS summary data for outcome

          



          		

            2.3 Statistical analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Instrumental variables selection

          



          		

            3.2 Causal effect from hyperthyroidism to nine type cancers

          



          		

            3.3 Sensitivity analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        





        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2023.1162224_cover.jpg
& frontiers | Frontiers in Endocrinology

Causal associations of hyperthyroidism with
prostate cancer, colon cancer, and
leukemia: a Mendelian randomization study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1162224-g002.jpg
Cancer sites

Prostate

Lung

breast

colon

Leukaemia

brain

skin

bladder

esophagus

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger
Weighted_Median

VW
MR_Egger

Weighted_Median ]

15

HR

0.789-0.935
0.714-0.959
0.741-0.923

0.964-1.087
1.025-1.235
0.969-1.13

0.933-1.153
0.797-1.15
0.864-1.130

1.02-1.25
1.13-1.52
1.07-1.319

1.012-1.101
1.008-1.172
1.034-1.145

0.945-0.994
0.932-1.019
0.943-1.008

0.841-1.003
0.877-1.172
0.902-1.032

0.841-1.003
0.877-1.172
0.903-1.03

0.999-1.056
0.965-1.066
0.987-1.059

Hazard Ratio(95%CI) P-value

0.0004
0.03
0.0009

0.431
0.03
0.258

0.492
0.657
0.861

0.011
0.0044
0.0009

0.01
0.051
0.001

0.01
0.29
0.12

0.058
0.852
0.31

0.058
0.852
0.311

0.051
0.571
0.205





OEBPS/Images/table1.jpg
Phenotype GWAS ID ortium Cases (n) rols ( Populatiol
Exposure

hyperthyroidism/thyrotoxicosis ukb-b-20289 MRC-IEU 3545 459388 European
Outcome ‘ ‘ European
Prostate cancer ukb-d-C3_PROSTATE | Neale lab Consortium ‘ 6321 » 354873 European
Lung cancer ieu-b-4954 UK Biobank 2671 372016 European
Breast cancer ukb-d-C3_BREAST_3 Neale lab Consortium 9721 351473 European
Colon cancer ieu-b-4965 | UK Biobank 5657 372016 European
Leukemia ieu-b-4914 ‘ UK Biobank 1260 372016 European
Brain cancer ieu-b-4875 UK Biobank 606 372016 European
Skin cancer ukb-b-8416 MRC-IEU 3372 459638 European
Bladder cancer ukb-d-C67 Neale lab Consortium 1554 359640 European
Esophageal cancer ieu-b-4960 UK Biobank 740 372016 European

MRC-IEU, MRC Integrative Epidemiology Unit.





