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Is there an association between thyroid dysfunction and breast cancer?
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ABSTRACT

Objective: The association between thyroid disease and breast cancer risk remains unclear. A cross-sectional study was
carried out to find the association between hypothyroidism, hyperthyroidism, and breast cancer.

Materials and Methods: The study included 71 diagnosed cases of breast cancer patients belonging to stage Il of the disease.
The mean age of controls and patients was 43-45 years. Their level of thyroid hormones was estimated. On the bases of high
and low levels of thyroid hormone, women were divided into group one (hypothyroidism n= 56) and group two (hyperthyroidism
n=15). Levels of neutrophils, lymphocytes, and hematocrit were estimated by the SWISS MAX analyzer. The level of thyroid
hormones, TSH, 80OHG, Isoprostane, and 4-HNE was estimated by the technique of ELISA. The level of MDA was estimated

spectrophotometrically.

Results: It was observed that body weight was high in hypothyroid females (group 1) Levels of neutrophils, lymphocytes, and
monocytes were significantly higher in group 1 of the breast cancer afflicted women, as compared to the controls and group 2.
The level of thyroid hormones FT3, FT4, and TSH was also higher in group 1. The level of MDA, isoprostane, and 4-HNE was
significantly high in both women with hypo and hyperthyroidism as compared to controls.

Conclusions: We found an increased risk of breast cancer in women with hyporhyroidism and a slightly decreased risk in
women with hyperthyroidism indicating an association between thyroid function level and breast cancer risk.
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INTRODUCTION

The risk of breast cancer(BC) development is 13.0% in women and
it is, therefore, the most common cancer in women. Exogenous
and endogenous sex hormones have a significant role in BC
etiology. In vitro, estrogen-like effects are observed in high values
of thyroid hormones that help in promoting the proliferation of BC
cells and motivating angiogenesis'2. Experimentally it is observed
that high values of thyroid hormone bind with estrogen receptors
and may encourage the development of BC 34,

Epidemiological proof related to thyroid disorders and BC
risk is unclear. Some studies found that increased risks are related
to hyperthyroidism,hypothyroidism®®, and thyroid autoimmune
diseases’, while others have found no association between them?.
Hypothyroidism may decrease the BC risk in European people and
no correlation was reported between hypothyroidism and breast
cancer risk in non-European people. Women are 5-10 times are
more at risk of developing hypo or hyperthyroidism as compared to
men®.

Asian women, younger than 55.0 years with a history of
overactive thyroid had a 16.0 % higher risk of getting BC compared
with women with no history of thyroid dysfunction®. However, it is
found that 19% risk of development of BC in women with a history
of the overactive thyroid gland and it is independent of age®. A
meta-analysis study carried out 25000 women found that the risk
of BC is not related to any type of thyroid dysfunction i.e.
hypothyroidism or hyperthyroidism??.

Besides the increased values of neutrophils, lymphocytes
and hematocrit may be important markers of severity of disease
and progress with inflammation and cancer'?. Activation of
neutrophils promotes the role of different types of cells that take
part in acute or chronic inflammation and are related to cancer®s.

The redox imbalance can cause cancer and other chronic
ailments by affecting the ROS in metabolic pathways including the
thyroid metabolic pathways. Though some oxidants may have a
role in abnormal growth and mutation, a high level of oxidative
stress can sluggish cell proliferation and cancerous cells damage.
Free radicals can harm lipid, DNA, and proteins®*. Among the
bases of DNA, guanine is easily oxidized, due to its low redox
potential. Its oxidized form (8-oxy-deoxyguanosine) may be a
marker of DNA damage in cells that experience oxidative stress
and carcinogenesis. As 8-oxo-deoxyguanosine has mutagenic

ability’>®, Increased values of isoprostane and 8-OH-
deoxyguanosine shows inhibitory effects on enzyme related to
inflammation and oxidative stress'"8, Malondialdehyde (MDA) is a
creation of lipid peroxidation by reactive oxygen species and it is
used to assess oxidative damage and oxidative stress. Reduction
of MDA may increase the chances of hyperthyroidism**.

HNE reacts with lipids, nucleic acids, vitamins, and signaling
molecules. Excess of HNE impair the function of cell and signaling
and thereby provoke many pathological issues like
neurodegenerative complaints and cancers 1°%°,

The link between thyroid dysfunction and BC has been
studied previously and found controversial results. However, the
relation between the overactive thyroid gland and the risk of breast
cancer will shed light on the strong pathogenic links between
thyroid dysfunction and breast cancer and may help in the clinical
management of patients.

A cross-sectional study was carried out to find the
association between hypothyroidism, hyperthyroidism, and risk of
BC.

MATERIALS AND METHODS

Study population: The study included 71 BC females belonging
to stage Ill. Their level of thyroid hormones was estimated. On the
bases of high and low levels of thyroid hormone, women were
divided into group one (hypothyroidism n= 56) and group two
(hyperthyroidism n=15). Participants were recruited from clinical
centers in the city of Lahore between October 2019-2020.50 age-
matched women with no history of any disease were taken as
controls. The study included middle-aged women who had no
history of any cancer except BC. The study excluded women
whose data was missing for specific exposures, women lost to
follow-up or women with un-staged invasive BC, and women who
used thyroid medication. Levels of neutrophils, lymphocytes, and
hematocrit were estimated by the SWISS MAX analyzer. The level
of thyroid hormones, TSH, 80HG, Isoprostane, and 4-HNE were
estimated ELISA. The level of MDA was estimated
spectrophotometrically using the chemical method.

Statistical analysis: To compare the baseline characteristics
between the groups of patients and controls subjects, we used
student ‘t' test. P values <0.05 was considered statistically
significant.
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Table 1: Demographic and heamatological profile in breast cancer patients with suspected thyroid dysfunction

Figure 1:Predictive variables of diagnostic importance in bc patients
experiencing thyroid dysfunction

RESULTS

Table 1 showed the demographic and hematological parameters in
breast cancer women with suspected thyroid dysfunction. It is
observed that body weight was high in-group women with
hypothyroidism (group 1) than women with hyperthyroidism (group
2). The mean age of controls and patients was 43-45 years. The
blood pressure of group one was low as compared to group 2
women and controls. Levels of neutrophils, lymphocytes, and
monocytes were significantly higher in both the groups 1 and 2 BC
women as compared to the controls. The values of neutrophils,
lymphocytes, and monocytes were non-significantly high in group 1
as compared to control. However, the values of hematocrit were
significantly low in both hype and hyperthyroidism as compared to
controls.

Table 2 and Figure 1 showed that the level of thyroid
hormones FT3, FT4, and TSH was high in group 2 but a significant
difference was only observed with the values of FT3. The level of
MDA, isoprostane, and 4-HNE was significantly high in both
women with hypo and hyperthyroidism as compared to controls.

DISCUSSION

Results of our study showed that almost 78% of our study
participants had hypothyroidism as compared to hyperthyroidism.A
cohort study that followed females for 30-years showed an
increased risk of developing BC in females with hyperthyroidism.

Variables Control (n=50) Hypothoiroid Subjects (n=56) Hyperthoiroid Subjects (n=15) P (<0.05)
(one) (two)
WEIGHT (Kg) 65.029+9.65 74.29+15.529 71.59+9.68 0.125
AGE (YRS) 43.23+7.148 45.29+4.29 43.99+6.58 0.145
SBP (mmHg) 120.25+4.589 99.35+7.59 133.44+8.59 0.0253
DBP (mmHg) 81.59+5.29 64.29+4.58 89.65+8.99 0.000
NEUTROPHILS 57.59+8.59 64.29+16..35 78.59+14.58 0.014
LYMPHOCYTES 36.35+4.89 41.59+17.59 56.54+10.58 0.025
(% ages)
MONOCYTES 4.59+1.05 7.58+1.88 12.58+3.99 0.002
(% ages
HEMATOCRIT 43.29+7.58 31.59+6.58 37.259+5.29 0.001
(%ages)
Table 2: Predictive variables of diagnostic importance in breast cancer patients experiencing thyroid dysfunction
Variables Control (n=50) Hypothoiroid Subjects (n=56) Hyperthoiroid Subjects (n=15) P (=0.05)
TSH (IU/L) 2.29+0.25 3.289+0.014 1.018+1.04 0.015
FT3 (pmol/L) 7.59+2.15 3.298+0.956 10.251+2.265 0.000
FT4 (pmol/L) 24.25+5.59 17.59+5.25 31.59+3.99 0.014
MDA (nmol/ml) 0.932+0.089 6.35+1.58 9.68+2.25 0.014
8HG (pmol/L) 0.591+0.018 1.59+0.089 2.185+0.85 0.018
IsoP (pmol/L) 1.598+0.014 3.29+1.058 6.358+2.48 0.016
(isoprostane)
HNE (pmol/L 0.048+0.0048 .8956+.0945 1.058+0.047 0.024
(4-Hydroxynonenal)
However, in the same period, a lower risk of developing the
30 - disease was found in women with hypothyroidism®.
We agreed with a study that found a high BMI of BC women
25 1 with hypothyroidism as compared to a group of women with
20 - = CONTROL hyperthyroidism®. A study carried out in Mexico, reported that
15 | about 14.50% of middle-aged women with thyroid dysfunction were
found to suffer from other illnesses, especially BC. The study
10 A H HYPOTHOIROID stated that thyroid dysfunction may be changed with BMI because
5 - SUBJECTS of the role of thyroid hormones in the regulation of many metabolic
ld _‘ j pathways?'. However, a study found no confounding effect by
0 = HYPERTHOIROID comorbidities was observed, except hypertension observed only in
0\»\ \\) \\, SUBJECTS scarce cases®.
~2~\\ @° @\ @ Levels of neutrophils, lymphocytes, and monocytes were
2 o,\Q o & Q\Q Q\Q significantly high in group 2 breast cancer women as compared to
A LR 9 .
¢ P e the controls. The values of neutrophils, lymphocytes, and
monocytes were also high in group 1 as compared to control.

However, the values of hematocrit were significantly low in both
hype and hyperthyroidism as compared to controls. Several
studies found that hematological indices are predictors for the
prognosis of tumors??%, Low values of hematocrit were also
observed by a study. It is reported that Pre-treatment low HCT is
independently related to poor prognosis in BC patients and may be
a predictor of mortality in breast cancer women?,

According to our study, the level of thyroid hormones FT3,
FT4 and TSH were high in BC women with hypethyroidism as
compared to controls but a significant difference was only
observed with the values of FT3. The level of MDA, isoprostane,
and 4-HNE was significantly high in both subgroups of women with
hypo and hyperthyroidism as compared to controls.

Several studies were carried out to find the link between
thyroid dysfunction and the development of BC. We agreed with
cohort studies that found a good association between risk of breast
cancervand thyroid dysfunction?-2¢,

However, a meta-analysis of twelve studies found no
association between the risk of BC and hypothyroidism. Levels of
thyroid hormones and thyroid autoantibodies were estimated in 97
Greek females with primary BC . The study found no associations
between history of thyroid disease and BC. In a subgroup
examination, it is observed that BC women with hypothyroidism
had a significantly lower frequency of lymph node metastases
compared with breast cancer women without any thyroid problem.
The study confirmed the proliferative effect of thyroid hormones on
cells of the breast?’.
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A cohort study was carried out in 35463 women with BC.
The study observed that 1272 women afflicted with BC developed
hyperthyroidism and 860 developed hypothyroidism on follow-up.
A study including 5810 BC afflicted females found that
hypothyroidism is not related to the recurrence or relapse of BC®.
However, in 2021 a review based on 21 types of the research
reported that hyperthyroidism, hypothyroidism, thyroid cancer, and
thyroid-related antibodies were significantly related to increased
risk of BC?%.

Another study was carried out in UK on 239,437 females.
Among these women, 3,227 or 1.3% and 20,762 or almost 8.7%
women had hyper and hypothyroidism respectively. During a
follow-up of 7.10 years, about 5,326 or 2.2% of women developed
BC. The study found no link between hypothyroidism and risk of
BC but the study found a reduced risk > 10 years after the
diagnosis of hypothyroidism. The study concluded that the risk of
BC was decreased long after diagnosis of hypothyroidism, but the
risk was increased among women who treated their thyroid
dysfunction®.

Several biological processes may show the associations of
thyroid diseases with the risk of BC. A proliferative effect of
hormone T3 is reported in the cells of the breast®. It is proposed
that T3 binds to nuclear receptors and persuades transcription of
mark genes to take part in energy homeostasis and proliferation of
cells. An important role of the nuclear receptor in the development
of breast cancer is suggested®®3. It is reported that T3 along with
the estrogen-stimulated proliferation of the breast cancer
cell line,

The association between thyroid hormone and cancers has
been investigated in manyin vivoandin vitro studies®%,
Alterations of thyroid hormone receptors are observed in many
types of cancers, plus BC and a link are observed expression
thyroid hormone receptor and regulation of oncogene®. Mammary
and thyroid glands share some similarities. T3 can affect
the mammary gland via the activation of thyroid receptor mammary
glands and may persuade differentiation and lobular growth of
breast tissues, estrogen also shows this effect®®.

It is suggested that hypothyroidism results in high
sensitization of mammary glandular epithelium to hormones
estrogen and prolactin secondary to very low thyroid hormone®.
However, a study proposed a genetic tendency for both
hypothyroidism and breast cancer®.

The increased values of MDA showed the increasing
oxidative condition in mild stage toward advanced stages'*. Redox
imbalance causes increased production of the reactive oxygen
species and reactive nitrogen species resulting in oxidative stress.
This redox imbalance can be related to oncogenic motivation. It is
proposed that 8-hydroxy-2-deoxyguanosine, 4-hydroxy-2-nonenal
(4-HNE), malondialdehyde (MDA), and isoprostane, by-products of
oxidative damage, have the mutagenic ability. Increased levels of
these oxidative stress messengers have been reported in plasma
and tissues of the lung, colon, gastric, and BCs. DNA damage
plays an important role in the initiation of cancer and the
production of 8-OH-G, a strong biomarker for carcinogenesis®"%=°,

CONCLUSION
Hyporthyroidism in addition to stress markers / DNA damage
markers was more related to BC as compared to hyperthyroidism.
However further studies are needed on a large number of women
to find the exact relationship of thyroid dysfunction with BC. There
is a need that women with thyroid dysfunction should have close
contact with their clinician and follow screening BC regularly.
Limitations: We are unable to find the duration and severity
of hyper- or hypothyroidism or medication compliance, factors that
help in the development of BC. The sample size is small.

REFERENCES
1. Khan SR, Chaker L, Ruiter R, Aerts JG, Hofman A, Dehghan A,
Franco OH, Stricker BH, Peeters RP 2016 Thyroid function and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

cancer risk: the Rotterdam study. J Clin EndocrinolMetab 101:5030-
5036

Drummond AE , Christopher TV, Swain, Brown KA, Suzanne C et al.
Linking Physical Activity to Breast Cancer via Sex Steroid Hormones,
Part 2: The Effect of Sex Steroid Hormones on Breast Cancer Risk .
Cancer  Epidemiol Biomarkers Prev  2022;31:28-37  doi:
10.1158/1055-9965.EPI-21-0438

Angelousi AG, Anagnostou VK, Stamatakos MK, Georgiopoulos GA,
Kontzoglou KC. Mechanisms in endocrinology: primary HT and risk
for breast cancer: a systematic review and meta-analysis. Euro J
Endocrinol 2012; 166: 373-381. doi:10.1530/EJE-11-0838.

Baldini E, Lauro A, Tripodi D, Pironi D, Amabile MI, Ferent IC et al.
Thyroid Diseases and Breast Cancer. J Pers Med. 2022;12:156.
doi.org/10.3390/jpm12020156

Sogaard M, Farkas DK, Ehrenstein V, Jorgensen JO, Dekkers OM,
Sorensen HT. Hypothyroidism and hyperthyroidism and breast
cancer risk: a nationwide cohort study. Eur J Endocrinol
2016; 174;409-414

Falstie-Jensen, AM, Kjeersgaard A, Lorenzen EL, Jensen JD,
Reinertsen KV, Dekkers OM et al. Hypothyroidism and the risk of
breast cancer recurrence and all-cause mortality - a Danish
population-based study. Breast Cancer Res 2019; 21:44
doi.org/10.1186/s13058-019-1122-3

Muller | & Barrett-Lee PJ. The antigenic link between thyroid
autoimmunity and breast cancer. Seminars in Cancer Biology
2020;64:122-134 doi.org/10.1016/j.semcancer.2019.05.013.

Tran TVT, Maringe C, Benitez S, Rachet B, Boutron-Ruault CN et al.
Thyroid dysfunction and breast cancer risk among women in the UK
Biobank cohort. Cancer Medicine 2021; 10(13):4604-4614
doi.org/10.1002/cam4.3978

Wang B, Lu Z, Huang Y, Li R, Lin T. Does hypothyroidism increase
the risk of breast cancer: evidence from a meta-analysis. BMC
Cancer. 2020;20(1):733. doi:10.1186/s12885-020-07230-4

Weng CH, Chen YH, Lin CH, Luo X, Lin TH. Thyroid disorders and
breast cancer risk in Asian population: a nationwide population-based
case-control study in Taiwan. BMJ Open 2018; 8:e20194

Fang Y, Yao L, Sun J, Yang R, Chen Y, Tian J, Yang K, Tian
L 2017 Does thyroid dysfunction increase the risk of breast cancer? A
systematic review and meta-analysis. J Endocrinol Invest 40:1035—
1047.

Onalan E, Dénder E. Neutrophil and platelet to lymphocyte ratio in
patients with hypothyroid Hashimoto's thyroiditis. Acta Biomed.
2020;91(2):310-314. doi:10.23750/abm.v91i2.8592

Chuan-Chuan L, Hung-Ju K, Wan-Shan, Chung-Lieh H, Kuang-Chun
H, Lo-Yip Y et al. Neutrophil-to-lymphocyte ratio as a predictive
marker of metabolic syndrome, Medicine: October 2019;98(43):43- p
e17537 doi: 10.1097/MD.0000000000017537

Zarrini SA, Moslemi D, Parsian H, Vessal M, Mosapour A, Shirkhani
Kelagari Z. The status of antioxidants, malondialdehyde and some
trace elements in serum of patients with breast cancer. Caspian J
Intern Med. 2016;7(1):31-36.

Sies H, Berndt C, Jones DP. Oxidative Stress.Annu. Rev. Biochem.
2017, 86, 715-748.

Kochman J, Jakubczyk K, Bargiel P, Janda-Milczarek K. The
Influence of Oxidative Stress on Thyroid Diseases. Antioxidants
2021;10:1442. doi.org/10.3390/ antiox10091442

Gago-Dominguez M & Castelao JE. Role of lipid peroxidation and
oxidative stress in the association between thyroid diseases and
breast cancer. Crit Rev Oncol Hematol. 2008 Nov;68(2):107-14.doi:
10.1016/j.critrevonc.2008.03.007.

Sotler R, PoljSak B, Dahmane R, et al. Prooxidant activites of
antioxidants and their impact on health. Acta Clin Croat.
2019;58(4):726-736. doi:10.20471/acc.2019.58.04.20

Erejuwa OO, Sulaiman SA, AbWahabMS.Evidence in Support of
Potential Applications of Lipid Peroxidation Products in Cancer
Treatment. Oxidative Medicine and Cellular Longevity Volume 2013,
8 pages http://dx.doi.org/10.1155/2013/931251

Castro JP, Jung T, Grune T, Siems E.4-Hydroxynonenal (HNE)
modified proteins in metabolic diseases. Free Radical Biology and
Medicine 2017;111:309-315
doi.org/10.1016/j.freeradbiomed.2016.10.497.

Ortega-Olvera, , Ulloa-Aguirre A, Angeles-Llerenas A, Mainero-
Ratchelous FE, Gonzéalez-Acevedo CE, Hernandez-Blanco ML et
al. Thyroid hormones and breast cancer association according to
menopausal status and body mass index. Breast Cancer
Res. 2018;20(1):94.doi: 10.1186/s13058-018-1017-8.

Seretis C, Seretis F, Lagoudianakis E, et al. Is red cell distribution
width a novel biomarker of breast cancer activity? Data from a pilot
study. J Clin Med Res 2013;5:121-6.

254 PJMHS Vol 16, No. 04, APR 2022


http://dx.doi.org/doi:10.1530/EJE-11-0838
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-019-1122-3#auth-Kristin_Valborg-Reinertsen
https://doi.org/10.1186/s13058-019-1122-3
https://doi.org/10.1186/s13058-019-1122-3
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Maringe%2C+Camille
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Benitez+Majano%2C+Sara
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Benitez+Majano%2C+Sara
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Boutron-Ruault%2C+Marie-Christine
https://doi.org/10.1002/cam4.3978
https://pubmed.ncbi.nlm.nih.gov/?term=Gago-Dominguez+M&cauthor_id=18676157
https://pubmed.ncbi.nlm.nih.gov/?term=Castelao+JE&cauthor_id=18676157
http://dx.doi.org/10.1155/2013/931251
https://pubmed.ncbi.nlm.nih.gov/30092822/#affiliation-1

M. M. Bokhari, R. Khurshid, U. Jabbar et al

23.

24.

25.

26.

27.

28.

29.

30.

31.

Rajwa P, Zyczkowski M, Paradysz A, et al. Evaluation of the
prognostic value of LMR, PLR, NLR, and dNLR in urothelial bladder
cancer patients treated with radical cystectomy. Eur Rev Med
PharmacolSci 2018;22:3027—

Chen B, Dai D, Tang H, Ai X, Chen X, Zhang X, et al. (2016)
PretreatmentHematocrit Is Superior to Hemoglobin as a Prognostic
Factor for Triple Negative Breast Cancer. PLoS ONE 11(11):
e0165133. https://doi.org/10.1371/journal.pone.0165133

Hellevik Al, Asvold BO, Bjgro T, Romundstad PR, Nilsen TIL, Vatten
LJ. Thyroid function and cancer risk: a prospective population
study. Cancer Epidemiology, Biomarkers and
Prevention 2009 18 570-574. doi:10.1158/1055-9965.EPI-08-0911.
Tosovic A, Becker C, Bondeson AG, Bondeson L, Ericsson UB, Malm
J, Manjer J. Prospectively measured thyroid hormones and thyroid
peroxidase antibodies in relation to breast cancer risk.Int J
Cancer 2012 2133 2126-2133. doi:10.1002/ijc.27470.

Angelousi A, Diamanti-Kandarakis E, Zapnti E, Nonni A, Ktenas E,
Mantzou A, Kontzoglou K, Kouraklis G. Is there an association
between thyroid function abnormalities and breast cancer? Arch.
Endocrinol. Metab. 61 (1) ¢ Jan-Feb 2017 doi.org/10.1590/2359-
3997000000191

Graceffa G, Scerrino G, Militello G, Laise L, Randis B, Melfa G et al.
Breast cancer in previously thyroidectomized patients: which thyroid
disorders are a risk factor? Future Science OA.2021; 7(5):
doi.org/10.2144/fsoa-2021-0029

Hall LC, Salazar EP, Kane SR, Liu N. Effects of thyroid hormones on
human breastcancer cell proliferation. J Steroid Biochem Molecular
Biol 2008 109 57-66. doi:10.1016/j.jsbmb.2007.12.008.

Park JW, Zhao L, Cheng S. Inhibition of estrogen-dependent
tumorigenesis by the thyroid hormone receptor B in xenograft
models. Am J Cancer Res 2013; 3 302-311.

Guigon CJ, Kim DW, Willingham MC, Cheng S-Y. Mutation of thyroid
hormone receptor-B in mice predisposes to the development of

32.

33.

34.

35.

36.

37.

38.

39.

mammary tumors. 3381-3390.
(doi:10.1038/onc.2011.50

Voutsadakis, IA. The TSH/Thyroid Hormones Axis and Breast
Cancer. J Clin Med. 2022; 11: 687. doi.org/10.3390/ jcm11030687
L'Heureux A, Wieland DR, Weng CH, Chen YH, Lin CH, Lin TH,
Weng CH. Association between thyroid disorders and colorectal
cancer risk in adult patients in Taiwan. JAMA Netw Open 2:193755
Davidson CD, Gillis NE, Carr FE. Thyroid Hormone Receptor Beta as
Tumor Suppressor: Untapped Potential in Treatment and Diagnostics
in Solid Tumors. Cancers. 2021; 13(17):4254.
https://doi.org/10.3390/cancers13174254

De Sibio MT, de Oliveira M, Moretto FC, Olimpio RMC, Conde SJ,
Luvizone AC et al. Triiodothyronine and breast cancer. World J Clin
Oncol. 2014;5(3):503-508. doi:10.5306/wjco.v5.i3.503

Bakos, B., Kiss, A., Arvai, K. Szili B, Deé&k-Kocsis B, Tobias B et
al. Co-occurrence of thyroid and breast cancer is associated with an
increased oncogenic SNP burden. BMC Cancer 2021;21:706
doi.org/10.1186/s12885-021-08377-4

HuangPC,Waits A, Chen HS, Chang WT, Jaakkola JJK, HuangHB.
Mediating role of oxidative/nitrosative stress biomarkers in the
associations between phthalate exposure and thyroid function in
Taiwanese adults. Envir Int 2020;140; 105751
doi.org/10.1016/j.envint.2020.105751.

Miranda RA, de Moura EG, Soares PN, Peixoto TC, Lopes BP, de
Andrade CBV et al.Thyroid redox imbalance in adult Wistar rats that
were exposed to nicotine during breast feeding. Scientific Reports |
2020; 10:15646 | https://doi.org/10.1038/s41598-020-72725-w

Zahra KF, Lefter R, Ali A, Abdellah EC, Trus C, Ciobica A et al. The
Involvement of the Oxidative Stress Status in Cancer Pathology: A
Double View on the Role of the Antioxidants. Oxid Med Cell Longev.
2021;2021:9965916. doi:10.1155/2021/9965916

Oncogene 2011 30

PJMHS Vol 16, No. 04, APR 2022 255


https://doi.org/10.1371/journal.pone.0165133
http://dx.doi.org/doi:10.1158/1055-9965.EPI-08-0911
http://dx.doi.org/doi:10.1002/ijc.27470
https://doi.org/10.2144/fsoa-2021-0029
https://doi.org/10.2144/fsoa-2021-0029
http://dx.doi.org/doi:10.1016/j.jsbmb.2007.12.008
http://dx.doi.org/doi:10.1038/onc.2011.50
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-021-08377-4#auth-Barbara-De_k_Kocsis
https://doi.org/10.1186/s12885-021-08377-4
https://doi.org/10.1186/s12885-021-08377-4
https://doi.org/10.1038/s41598-020-72725-w

