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A bidirectional Mendelian
randomization study
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Aim: This study aimed to evaluate the association between thyroid neoplasms

(TN) and the risk of developing breast neoplasms (BN) by assessing data on

single nucleotide polymorphisms (SNPs) obtained from the Deutsches

Krebsforschungszentrum (DKFZ) and Breast Cancer Association (BCAC).

Methods: Data on SNPs associated with TN and BN were obtained from DKFZ

and BCAC, respectively. Secondary data analysis of all pooled data from

genome-wide association studies (GWAS) was performed to identify the

genetic loci closely associated with TN or BN as instrumental variables (IVs).

To evaluate the causal relationship between TN and BN, a bidirectional

Mendelian randomization (MR) analysis was performed using MR Egger

regression, weighted median, inverse variance weighted (IVW) random

effects model, simple mode, weighted mode, maximum likelihood, penalized

weighted median, IVW radial, IVW fixed effects, and robust adjusted profile

scores (RAPS) method.

Results: The MR in this study demonstrated a modest reverse causal

relationship between TN and BN but a significant positive causal relationship

between BN and TN.

Conclusions: The MR of this study provided genetic evidence suggesting an

association between BN and TN; however, further research is warranted to explore

the potential mechanism of interaction between these two malignancies.

Moreover, general breast screening should be performed in individuals with TN,

but TN screening should be reinforced in individuals with BN.

KEYWORDS

thyroid neoplasms, breast neoplasms, Mendelian randomization analysis,
database, genetics
Abbreviations: TN, thyroid neoplasms; BN, breast neoplasms; SNPs, single nucleotide polymorphisms;

IVs, instrumental variables; DKFZ, Deutsches Krebsforschungszentrum; BCAC, Breast

Cancer Association.
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Introduction

Thyroid neoplasms (TN) and breast neoplasms (BN) are the

leading causes of cancer in women worldwide. A growing body

of research demonstrates a potential two-way pathogenic

relationship between BN and TN (1). However, the

relationship between the two remains controversial, and the

specific mechanism is being extensively evaluated (2). Just as

whether radioiodine (RAI) therapy increases cancer risks, this

ancient controversy continues (3). However, the breast and

thyroid respond to the same endocrine signals. These two

malignancies are associated with hormone alteration.

Researchers are eager to discuss and examine the association

between BN and TN, given the growing number of patients

worldwide (4–6). According to a meta-analysis, TN,

hyperthyroidism, and autoimmune thyroiditis were

significantly associated with an increased risk of BN (7).

Mendelian randomization (MR) with two samples established

a causal relationship between thyroid dysfunction and BN (8).

No previous study has employed MR to investigate a association

between these two malignancies. Currently, the primary research

approach are observational studies.

Owing to the limitations of conventional statistical methods,

observational studies are often hampered by confounding factors

and reverse causality, making it challenging to evaluate the

observed causation (9). In particular, thyroid and breast diseases

are predominant in women, making it difficult to separate these

confounding factors. MR is another method that can address these

limitations (10). MR eliminates confounding factors by selecting

exposure-related genetic variations as instrumental variables (IVs).

As alleles are randomly assigned during pregnancy according to

Mendel’s second law, it is similar to a natural randomized

controlled trial (11). In recent years, while researchers have been

satisfied with the study of two samples of MR, they have also begun

to utilize two-wayMR to explore the two-way relationship between

exposures and outcomes, such as the relationship between

inflammatory bowel disease and psychiatric diseases (12).

This study applied a bidirectional MR analysis to determine

the potential causal relationship between TN and BN.
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Materials and methods

Data source and study design

The Breast Cancer Association (BCAC) data on variables

for genetic variants associated with breast cancer were

acquired through genome-wide association studies (GWAS)

(https://gwas.mrcieu.ac.uk/), comprising 122,977 breast

cancer cases and 105,974 European ancestry controls (13).

Similarly, data on thyroid cancer variables were acquired

from Deutsches Krebsforschungszentrum (DKFZ) generated

using GWAS, which included 649 thyroid cancer cases and

431 European ancestry controls (14). Brief information is

shown in Table 1. A bidirectional Mendelian randomized MR

analysis mode is designed in this study to examine the

causative effect of BN and TN (Figure 1).
Selection of genetic instrumental
variables

The genetic variants of single nucleotide polymorphisms

(SNPs) with genome-wide significance (p<5×10−8) in BN/TN

were selected for pooling. To select the relevant SNPs, the

threshold value of the linkage disequilibrium parameter (r2)

was set to 0.001, whereas the genetic distance was set to 10,000

kb to ensure independence and rule out the effect of linkage

disequilibrium on the results. SNPs whose corresponding

phenotypes were connected with selected outcome variables

were eliminated, leaving only those SNPs that fulfilled

hypotheses 1, 2, and 3. GWAS was utilized to extract

information on the outcome of BN/TN and to determine the

relationship between SNPs and outcomes that satisfied

hypotheses 1, 2, and 3. Then, the exposure and outcome

datasets were merged. This integrated dataset comprised the

above instrumental variables alongside the outcome and

exposure, and the echo SNPs were removed. The remaining

SNPs were considered as instrumental variables.
TABLE 1 Summary of the GWAS included in this MR study neoplasms.

Exposures/outcomes GWASID Consortium Ethnicity Sample sizes Number of SNPs Sex Year

Thyroid cancer ieu-a-1082 DKFZ European 1,080 572,028 Male and Female 2013

Breast cancer ieu-a-1126 BCAC European 228,951 10,680,257 Female 2017
frontiers
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Statistical analysis

The MR-Egger regression method (15), median weighting

method (16), inverse variance weighted (IVW) random effects

model (17), simple mode, weighted method (16), maximum

likelihood ratio method (18), linear median weighted method

(16), IVW radial method (19), IVW fixed effects model (17), and

RAPS method were applied to perform a two-sample MR

analysis. In addition, the odds ratios and 95% confidence

intervals (CIs) for the 10 approaches were presented. Among

them, the inverse variance weighting approach, which does not

consider the existence of an intercept term in regression and

employs the inverse of result variance (standard error quadratic)

as the weight for fitting, was used in the IVW random effects

model and IVW fixed effects model. The Wald ratio method was

implemented to quantify the exposure-outcome impact of each

SNP, followed by the weighted linear regression with a forced

intercept of zero. When the IVs fulfill the three principal

assumptions, it improves the estimation accuracy and testing

capabilities. However, the MR-Egger regression method

considers the presence of an intercept term. When pleiotropy

occurs in IVs, the estimation of the causal effects is skewed. The

MR approach using multiple instrumental variables on the basis

of the summary data adapted according to IVW is known as

MR-Egger regression. Unlike IVW, this method only needs to

satisfy the assumption that the pleiotropic effect of instrumental

variables is independent of the association between IVS and

exposure factors, as well as the assumption of no measurement

error, which is less stringent than the three core assumptions of

instrumental variables. This approach can identify pleiotropy in

addition to rectifying the pleiotropy bias. Therefore, the MR-

Egger regression can maintain the validity of the MR method in

studies with multiple genetic variants considered as instrumental

variables. The RAPS method, which does not consider

horizontal pleiotropy or outliers, is a relatively recent

approach. In international MR analysis, two approaches (IVW

and MR-Egger) are often used as fundamental MR methods,

whereas the other seven methods are innovative MR analysis

approaches introduced in recent years. In this study, the results

of IVW were supplemented and demonstrated as the main

results of the analysis.

Cochran’s Q test was used to assess the heterogeneity of the

individual genetic variance estimates. If the p value was <0.05 for

Cochran’s Q test, the results of MR were referred to as the IVW

multiplicative random effects; otherwise, the IVW fixed effects

were used to visualize the results of heterogeneity test with a

forest plot. The Egger-intercept technique of horizontal

pleiotropy was used to determine any violations of the MR

hypothesis due to horizontal pleiotropy, with the truncation

value suggesting the degree of influence of genetic variations on

the outcome through a pathway other than exposure. Horizontal

pleiotropy should also be assessed by observing for asymmetry in

the funnel plot to measure the reliability of the current MR
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analysis using the leave-one-out method and to determine

whether any of the three SNPs were outliers. The two-sample

MR analysis findings were complemented with new approaches

including the maximum likelihood method, penalized weighted

median, IVW radial method, and IVW fixed effects. Gold

standard test results were obtained using the IVW technique.

Finally, the radio package was employed to display the data and

to detect any genuine outliers. If outliers were observed, the

MRPRESSO approach was utilized to examine and to discuss the

potential impact on the results.
Results

The remaining 347 SNPs of thyroid cancer-related genetic

variation that simultaneously meet assumptions 1, 2, and 3 were

screened from the human genotype-phenotype association

database; meanwhile, the SNPs related to smoking (rs6546667,

rs7849585, rs12441088, and rs2157787), hyperlipidemia

(rs4567782), hypercholesterolemia (rs11692610), menopausal

age (rs10031777), number of live births (rs12651136),

menarche age (rs1077420), alcohol (rs461599 and rs6060124),

and obesity (rs2483374) were deleted. As the aforementioned 12

SNPs were removed, only 335 were retained. Information on

breast cancer was extracted by GWAS, and the relationship

between the above 335 SNPs and the outcome was determined

by analyzing the study outcomes. As the BCAC were unable to

determine 19 RS loci in breast cancer, 316 SNPs remained.

Hence, the exposure and outcome dataset were merged, which

showed the relationship between the 316 tool variables and the

outcomes and exposures, and palindrome SNPs were deleted

(n=0). The 316 instrumental variables were considered as the

final instrumental variables referring to thyroid cancer. The

remaining 142 SNPs of breast cancer-related genetic variations

that simultaneously met hypotheses 1, 2, and 3 were screened

from the human genotype-phenotype association database, and

those related to abnormal nail function (rs1230666

and rs1121948), smoking (rs11205303, rs73949122, and

rs11672660), thyroid carcinoma (rs12990503), and diabetes

(rs10885405, rs62048402, and rs56013747) were deleted.

Hence, 133 SNPs remained. Information about the outcome of

thyroid cancer was extracted by GWAS, and the relationship

between the 133 SNPs and the outcome was determined by

analyzing the study outcomes. As DKFZ did not determine 112

RS loci in breast cancer, 21 SNPs were retained. The exposure

and outcome dataset were merged, which showed the

relationship between the above 21 tool variables and the

outcomes and exposures, and the palindrome SNPs were

deleted (n=0). The last 21 instrumental variables were assigned

as the final instrumental variables referring to the breast.

The IVW approach computed the heterogeneity of MR

results from thyroid cancer to breast cancer (p=2.1133e-13),

showing obvious heterogeneity; however, the funnel diagram
frontiersin.org
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exhibited greater symmetry, suggesting that the results were

stable. The results of the level pleiotropy test were obtained using

the Egger’s intercept method (p=0.7008), which showed that the

instrumental variables did not affect the outcome (BN) through

ways other than exposure (TN). The results of the left-hand

method were very stable. The forest diagram of instrumental

variables illustrates the funnel diagram and forest plot of the

results of the leave-one-out method (Figures 2–4).

The heterogeneity of MR results from breast cancer to

thyroid cancer calculated using the IVW method was

p=0.4551, indicating the absence of noticeable heterogeneity;

however, the funnel diagram was asymmetric. The Egger’s
Frontiers in Oncology 04
intercept approach yielded level pleiotropy test findings

(p=0.7736), thus indicating that the instrumental variables did

not affect the outcome (thyroid cancer) in ways other than

exposure (breast cancer). The results of the left-hand method

were very stable. The forest diagram of instrumental variables

shows the funnel diagram and forest diagram of the results of the

leave one method (Figures 5–7).

Ten approaches were applied to augment the results of the

MR analysis. As can be seen, TN was the exposure variable, while

BN was the outcome variable. The simple mode and MR-Egger

regression method OR values and 95% CIs were not significant.

Due to the presence of heterogeneity, the IVW random effects
FIGURE 1

Schematic design showing the study process (hypothesis 1: significantly correlated with exposure; hypothesis 2: not correlated with outcome;
hypothesis 3: not correlated with confounders).
FIGURE 2

Forest diagram of instrumental variable (TN!BN).
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model was used as the gold standard (n=316snps, OR=0.9990,

95% CI: 0.9982–0.9998, p=1.36e-02). A correlation was observed

between the median weighting method, IVW random effects

model, weighting method, maximum likelihood ratio, linear

median weighting method, IVW radial method, and IVW

fixed effects model. This finding is almost consistent with that

of the RAPS method, which shows that TN has a negative causal

relationship with BN (Figure 8).

Taking BN as the exposure variable and thyroid cancer as the

outcome variable, the OR values and 95% CIs calculated using

the MR-Egger regression method, median weighted method,

simple mode, weighted method, and linear median weighted
Frontiers in Oncology 05
method were not considered significant. Due to the absence of

heterogeneity, the IVW fixed effects model was used as the gold

standard (n=21snps, OR=1.9146, 95% CI: 1.0147–3.6127,

p=4.47e-02). The associations observed among the results of

IVW random effects model, maximum likelihood ratio, IVW

radial method, and RAPS method are similar, which shows that

BN has a positive causal relationship with TN (Figure 8).

Using radio to identify the outliers, it is feasible to

demonstrate that if thyroid cancer is the exposure variable and

breast cancer variable is the outcome variable, there are four

outliers among the 316 tool variables screened. After using the

MRPRESSO method for verification, the initial p value was
FIGURE 3

Funnel diagram of instrumental variable (TN!BN).
FIGURE 4

Inspection chart of “leave one method” (TN!BN).
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0.0004; after correction and elimination of the four outliers, the p

value was 0.0004. The outliers had a minimal impact on the

results, demonstrating that the study findings are resilient.

However, with breast cancer as the exposure variable and

thyroid cancer as the outcome variable, no outliers were found

in the selected 21 instrumental variables (Figures 9, 10).

Finally, the overall R2 value (0.6785) of 21 tool variables

referring to breast cancer and the F value (106.3111) were

estimated using the R2 and F value calculation algorithm,

respectively; results showed that 21 tool variables related to

BN were strong tool variables. The overall R2 value of the 316

thyroid cancer tool variables was 0.0687, while the F value was
Frontiers in Oncology 06
53.3341, illustrating that the 316 tool variables chosen for this

study were also strong tool variables.
Discussion

In this bidirectional MR study, a weak reverse causal

relationship was observed between TN and BN, but a strong

positive causal relationship was found between BN and TN.

BN and TN are two malignant tumors with the highest

incidence rates in women, and data demonstrating a reciprocal

positive causal relationship between the two continue to emerge.
FIGURE 5

Forest diagram of instrumental variable (BN!TN).
FIGURE 6

Funnel diagram of instrumental variable (BN!TN).
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Some researchers believe that this is due not only to genetic

variations but also to the environment and the respective

chemoradiotherapy used; thus, the causal relationship between

the two is affected by numerous confounding factors (20). This

study serves to eradicate the confounding factors due to genetic

variations. However, in terms of genetic variation, the findings of

this study are consistent with those of most studies; that is, BN

patients are more likely to develop TN, while TN is a predisposing

factor for developing BN. Surprisingly, Van et al. evaluated the data

from the American Cancer Society and found that the incidence of
Frontiers in Oncology 07
TN in female patients with BN nearly tripled in 2013 (21). Taking

the IVW fixed effects model as an example, our MR OR value

(1.9146, 95% CI: 1.0147–3.6127) undoubtedly coincides with this

finding. In a multicenter study conducted this year, the presence or

absence of BN was not linked to the presence or absence of TN

(22). These observational research results are contradictory and are

difficult to prove. However, most studies have recognized a

mutually pathogenic relationship between the two malignancies.

Although our OR value from TN to BN showed an extremely small

negative causal relationship, we cannot explain the underlying
FIGURE 7

Inspection chart of “leave one method” (BN!TN).
FIGURE 8

OR value of the 10 methods (TN!BN; BN!TN).
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reason for this difference (23). However, a very interesting study by

Lei et al. showed that patients with secondary metachronous TN

have a relatively good prognosis for BN (24). This study validated

our preliminary conclusions. TNmay be a protective factor against

BN andmay also lead to a better prognosis in BN patients who will

develop TN in the future. A previous study conducted in 400,000

individuals also found that patients who developed two types of

cancer had a low invasive BN tumor behavior. Another previous

study using the SEER database obtained the same conclusion (25,

26). A study of 13,978 BN patients showed that the prognosis of

both isochronous and synchronous cancers was worse than that of

a single cancer, which seems rational; however, several

confounding factors were noted in the definition of isochronous

and synchronous cancers (27). In conclusion, the causal

relationship between BN and TN in our MR study was

consistent with the findings of most related studies, and the
Frontiers in Oncology 08
reverse causal relationship seems unimaginable. However, our

results are robust, although they are considered weak. According

to several studies, these diseases are related to the high prevalence

of SNP. This study relied on genetic variation points (28).

Moreover, although parp4 and CHEK2 mutations are important

markers (1, 29), the association between certain classic markers,

such as thyroid autoantibodies, thyroid hormone receptors a and

b, estrogen receptor a, and breast and thyroid cancers requires

further exploration (30–32).

An extremely weak reverse causality was observed between TN

and BN, while a strong positive causality was found between BN

and TN. From an epidemiological point of view, screening for both

malignancies is necessary (33). The following recommendations

were proposed based on the MR results: individuals with thyroid

cancer should undergo general breast screening. The person in

charge should reassure the patients regarding the necessity of the
FIGURE 9

Diagram of the radial estimates (TN!BN).
FIGURE 10

Diagram of the radial estimates (BN!TN).
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screening to reduce their anxiety. However, thyroid color

ultrasonography and thyroid function examination should be

employed to enhance TN screening in patients with BN. This

may guide clinicians in making appropriate treatment decisions

and increase the patients’ awareness of the need to undergo

physical examinations. Moreover, a cross-sectional study from

China based on ultrasound screening showed that breast masses

and thyroid nodules are susceptible to common diseases, regardless

of whether the test results are negative or positive (34),

complicating the relationship between breast nails and

highlighting the importance of co-screening breast nails.

This study has several limitations. First, the number of

patients with TN in the study was relatively small due to

dataset constraints, and the genetic data were collected from

ordinary women, which may have led to bias. Second, our

dataset only included European populations, limiting the

application of the conclusions to non-European groups.

Hence, further studies are warranted to verify the applicability

of these results to different populations and races. Third, our

reverse causal inquiry revealed heterogeneity and unstable

results, although the final results were robust.

However, the MR in this study demonstrated a causal

relationship between thyroid and breast cancers. Although the

specific mechanism needs to be explored further, it provides

evidence for the rationality of screening some cancer patients.
Conclusion

Overall, this study established a causal relationship between

TN and BN. Future studies should involve people from other

demographics and explore the potential mechanisms of action

between the variables. At the same time, general breast screening

should be performed in individuals with TN, but TN screening

should be reinforced in individuals with BN.
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