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Background: The risk of thyroid cancer is known to be slightly increased in women after 

treatment for breast cancer. In the current study, we analyzed the incidence of thyroid cancer 

and breast cancer in 50 US states and in the District of Columbia to ascertain how often these 

two diseases are associated.

Methods: Data on the incidence of thyroid cancer were obtained from the Centers for Disease 

Control and Prevention and the National Cancer Institute and data on the incidence of breast 

cancer were from the American Cancer Society. Data on the average number of children per 

family with children and mean household income were sourced from the US Bureau of the Census 

and prevalence of obesity by state is determined from a paper published in 2010 on state-specific 

obesity prevalence among US adults by the Centers for Disease Control and Prevention.

Results: There was a significant association between breast and thyroid cancer (P=0.002). Since 

the incidence of breast cancer increases with increasing income and obesity, while decreasing 

with parity, multiple linear regression was performed. Breast cancer incidence was significantly 

related to thyroid cancer incidence (b=0.271, P=0.039), inversely related to average number of 

children per family with children (b=−0.271, P=0.039), unrelated to adult obesity (b=0.134, 

P=0.369), and significantly related to family income (b=0.642, P,0.001).

Conclusion: This study identifies an association between breast and thyroid cancer. The 

 association suggests that unexplored breast−thyroid cancer susceptibility loci exist and warrant 

further study.
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Introduction
Harvey and Brinton reported that the risk of thyroid cancer is slightly increased in 

women after treatment for breast cancer.1 This increased risk of thyroid cancer is not 

entirely surprising, given that the thyroid is vulnerable to the carcinogenic action of 

ionizing radiation, especially in children.2 In one rare genetic condition, Cowden’s 

disease, an autosomal dominant cancer predisposition syndrome, there is an elevated 

risk for a variety of tumors, most notably of the breast and thyroid. However, the breast-

thyroid cancer link has not been firmly established.3 In the current study, we analyzed 

the incidence of thyroid cancer and breast cancer in 50 US states and in the District of 

Columbia to ascertain how commonly these two diseases are associated.

Materials and methods
Data on the incidence of thyroid cancer were obtained from the Centers for Disease 

Control and Prevention and the National Cancer Institute,4 and data on the incidence 
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of breast cancer were from the American Cancer Society.5 

Data on the average number of children per family with 

children and mean household income were obtained from 

the US Bureau of the Census (http://www.census.gov). The 

prevalence of obesity by state was taken from a paper pub-

lished in 2010 on state-specific obesity prevalence among US 

adults by the Centers for Disease Control and Prevention.6 

State thyroid cancer and breast cancer data were analyzed as 

age-adjusted incidences in each of the 50 states and in the 

District of Columbia.

Results
There was a significant association between breast and thy-

roid cancer (P=0.002, Figure 1). Given that the incidence of 

breast cancer increases with increasing income and obesity, 

but decreases with increasing parity,7 multiple linear regres-

sion was performed. The incidence of breast cancer was sig-

nificantly related to the incidence of thyroid cancer (b=0.271, 

P=0.039), inversely related to average number of children 

per family with children (b=−0.271, P=0.039), unrelated to  

adult obesity (b=0.134, P=0.369), and significantly related 

to family income (b=0.642, P,0.001). We are unable to 

provide data regarding variability of the thyroid−breast 

cancer association by state, or any significant difference in 

the incidence of thyroid cancer prior to treatment for breast 

cancer patients.

Discussion
Our study identified an association between the development 

of breast cancer and thyroid cancer. The underlying cause 

for this association remains unknown. Cowden’s disease, or 

multiple hamartoma syndrome, is a rare autosomal dominant 

familial cancer syndrome with a high risk of breast cancer 

and thyroid cancer.8 The highest age-associated risk of a 

female developing breast cancer is 85% and thyroid cancer 

risk is 35%.9 Linkage analysis has demonstrated that a single 

locus within chromosome 10q23 is likely to be responsible. 

 Mutations in the tumor suppressor gene PTEN at 10q23 pre-

dispose to Cowden’s disease.10 However, Cowden’s disease 

is quite rare, estimated to occur in one in 200,000 people. 

Therefore, it could be responsible for only a small proportion 

of the breast and thyroid cancers analyzed here.

The adult thyroid is much less susceptible to the carci-

nogenic effects of medical radiation than is the thyroid of a 

child, so that irradiation of the thyroid during breast cancer 

treatment would not be responsible for most of the thyroid 

cancers included in our analysis.2 Indeed, in the National 

Surgical Adjuvant Breast and Bowel Project, involving 

818 women, only two cases of thyroid cancer occurred after 

breast irradiation.11

Breast cancer patients have an increased risk of thyroid 

function abnormalities.12 There are more thyroid autoantibod-

ies in euthyroid patients with breast cancer compared with 

healthy controls, suggesting a possible relationship between 

breast cancer and autoimmune thyroid disease.13

Breast cancer susceptibility is likely due to a small 

number of highly penetrant mutations (such as in BRCA1 

and BRCA2) and a much larger number of low-penetrance 

 variants. However, germline mutations in BRCA1 and 

BRCA2 and a few other rare variants account for only 

15%–20% of breast cancer that clusters in families and less 

than 5% of breast cancer overall.14 A genome-wide link-

age search for breast cancer susceptibility genes has found 

candidate regions on chromosome 4 and chromosome 2p.15 

PALB2, which encodes a BRCA2-interacting protein and is 

a cause of Fanconi anemia, is also a breast cancer suscep-

tibility gene.16 Also, there may still be other unrecognized 

susceptibility genes.

A search of the genome-wide association study literature 

for each of these individual cancers, ie, breast and thyroid, 

highlights at least three overlapping candidate breast-thyroid 

cancer susceptibility loci. The first locus is on chromosome 

8q24. While the association with breast cancer has been vali-

dated across a number of studies, the most recent analysis in 

thyroid cancer, specifically analyzing rs6983267G, suggests 

that this association is present under a recessive model.17 The 

second locus is on chromosome 2q35. Recently, a single 

nucleotide polymorphism (SNP, rs966423) conferring a 
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Figure 1 Age-adjusted breast cancer incidence versus age-adjusted thyroid cancer 
incidence per 100,000 in 50 Us states and the District of columbia. The association 
is significant (P=0.002).
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risk of thyroid cancer was identified18 and then validated 

using a second SNP (rs6759952) within the same linkage 

disequilibrium region in a follow-up study.19 Both SNPs 

are present within the DIRC3 gene. While the function of 

DIRC3 is unknown, it may affect thyroid hormone levels.18 

 Intriguingly, the breast cancer SNP rs13387042, identified 

in four independent studies,20–23 lies less than 250 kb down-

stream from DIRC3. A third familial breast-ovarian cancer 

locus may lie on chromosome 17q12–q23.24 Given our find-

ings, the relationship between these SNPs, DIRC3, breast 

cancer, and thyroid cancer warrants further study.

A weakness in our analysis is possible confounding 

by the ecological fallacy (or ecological inference fallacy), 

a logical fallacy in the interpretation of statistical data where 

inferences about the nature of individuals are derived from 

inference for the group to which those individuals belong.25 

In this case, inferences about individuals are being drawn 

from the characteristics of US states where they reside, rather 

than from the individuals themselves. Another intrinsic dif-

ficulty with correlational studies is that two variables may 

be associated, even if there is no causal link between them, 

if each is associated with some other variable.

Nevertheless, the frequency of the breast−thyroid cancer 

association described above suggests that additional breast 

cancer susceptibility genetic loci may remain to be identified 

and warrant further study.
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