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Abstract:- 

 

 Background.  

Breast cancer (BC) is one of Yemeni women's 
leading causes of cancer mortality. In BC patients, 

supraclavicular radiation exposure may result in thyroid 

dysfunction, including hypothyroidism (HT). This case-

control study aimed to evaluate the association of BC 

with the levels of thyroid hormones and anti-TPO Ab in 

Yemeni women and the influence of obesity, menopause, 

and treatment as effect modifiers of this association.  

 

 Methods.  

The serum levels of FT3, TSH, FT4, anti-TPO Ab, 

CEA, and CA 15-3 were measured in 147 BC females (59 

pretreatment and 88 post-treatment) and 70 healthy 

controls. 

  

 Results.  

The results showed that BC patients had a 

significantly higher level of TSH than healthy controls (P 
= 0.048). A considerably higher level of TSH and a lower 

level of FT3 in post-treatment compared to pretreatment 

BC patients were found and associated with increased 

BMI and age (P < 0.05) in postmenopausal patients and 

decreased FT4 levels. Positive anti-TPO Ab levels were 

significantly higher in the BC group and post-treatment 

subgroup compared to the healthy control (22.4% vs. 

3.3%; 22.7% vs. 3.3%, P = 0.001, respectively). HT 

prevalence was considerably greater in post-treatment 

BC patients than pretreatment BC patients (26.1% vs. 

10.2%, P = 0.017). 

  

 Conclusion.  

This study found a strong link between breast 

cancer, and thyroid function, and autoimmunity in 

Yemeni women with breast cancer, especially those who 

had recently been treated. A significantly higher 
prevalence of HT, a higher level of TSH, and a lower 

level of FT3 in post-treatment compared to pretreatment 

BC patients were associated with increasing BMI and 

age in post-menopausal patients. Further studies with a 

large sample size in the future are recommended. 
 

Keywords:- Breast Cancer, Free Triiodothyronine, Free 

Thyroxin, Thyroid Stimulating Hormone, Anti-Thyroid 

Peroxidase Antibody. 

 

I. INTRODUCTION 

 
Breast cancer (BC) is the most prevalent type of cancer 

and a significant cause of mortality in women worldwide, 

accounting for 2.3 million (11.7%) of the total new cancer 

cases and 685,000 (6.9%) of the total cancer deaths in 2020. 
1, 2 In Yemen, BC is the top common diagnostic malignancy 

and the key reason why women die of cancer, accounting for 

2,894 (31.1%) of the total new cancer cases and 1,638 

(13.5%) of the total cancer deaths in 2020. 3 BC incidence is 

rapidly rising because of changes in dietary habits, 

reproductive risk factors, and life expectancy, especially in 

developing countries. 4 It becomes clear that all cancers 

have a genetic link, either through hereditary gene mutations 

or acquired mutations throughout life. Decades of research 

have identified several genetic variants associated with BC 

etiology. In addition to the genetic factors, various risk 
factors have been identified, including age, hormonal, 

reproductive, menstrual history, obesity, alcohol, and 

radiation. 5 The endocrine system and BC are closely linked. 
6 The thyroid gland is an integral part of the endocrine 

system and secretes thyroid hormones that play important 

biological roles in controlling cellular metabolism, 

proliferation, and differentiation. 7 The increased thyroid 

enlargement rate among BC patients was also reported. 8 

Previous studies have demonstrated that almost all types of 

autoimmune and nonautoimmune thyroid diseases may be 

connected to BC 9, and the higher incidence of thyroid-

registered cases in BC patients than in the average 

population was recently reported. 10  

 

If there is too little or too much thyroid-stimulating 

hormone (TSH) in the blood, it can cause hyperthyroidism 

or hypothyroidism (HT). This can cause the thyroid 
hormones triiodothyronine (T3) and/or thyroxine (T4) to 

move up or down in production. Scientists measured TSH, 

free (F)T3, and FT4 levels to see how well the thyroid was 

working. They also measured anti-thyroid peroxidase 

antibody (Anti-TPO Ab) levels to see if the thyroid was 

producing too much of an immune system protein. 
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Additionally, thyroid hormones control several metabolic 

pathways that are important for resting energy expenditure 

and variations in body weight; hence, thyroid dysfunction 

may change with body mass index (BMI). 11 It is one of 

women's most common endocrine disorders and may 

interfere with menopause and aging. 12  

 

The thyroid gland, an important endocrine organ, is 

close to the supraclavicular nodal area, which is often part of 

the radiation field for locally advanced BC. The most 

dangerous side effect of ionizing radiation is its capacity to 
trigger biochemical alterations in cellular genetic integrity, 

which may result in cancer or other functional abnormalities 

in irradiated organs and tissues. An increased incidence of 

HT in BC patients, especially younger individuals, has been 

linked to radiotherapy in the supraclavicular area. 13, 14 

 

The thyroid gland is susceptible to radiation. The 

causal relationship between radiation and thyroid 

dysfunction is well known for late radiation toxicity in 

patients with head and neck cancer who have received neck 

radiation therapy. 15, 16 However, the effect of radiation 

therapy on breast regions (e.g., the supraclavicular region) in 

BC patients remains controversial.  

 

Several case-control studies in different ethnic 

populations have been conducted to evaluate the link 

between BC and the risk of thyroid dysfunction and/or 
autoimmunity. 17-26 However, the outcomes from various 

studies were inconsistent. Patients’ quality of life must be 

improved by anticipating the extent of radiation risk and 

looking for ways to lower the risk of HT following 

radiotherapy, particularly as survivorship problems in BC 

become more and more significant. 

 

Therefore, this study aims to evaluate the association 

of BC with the levels of hormones (FT3, FT4, and TSH) and 

anti-TPO Ab in Yemeni women and examine obesity, 

menopause, and treatment as an effect modifier of this 

association in BC patients. 

 

II. MATERIALS AND METHODS 

 
 Subjects and Study Design  

This case-control study was conducted at the 

Radiology and Outpatient Department of the National 
Oncology Center (NOC) in Sana'a, Yemen, between January 

2021 and October 2021. A total of 217 females aged 20-75 

years were recorded. Of these, 147 were BC patients, and 70 

were age-matched healthy controls. BC patients were 

subdivided into 59 pretreatment patients at the initial BC 

diagnosis and 88 post-treatment patients who had undergone 

primary therapy, including surgery, chemotherapy, and 

radiotherapy. Females with other types of primary cancer, a 

history of thyroid problems, and pregnancy status were 

excluded from the study. All participants gave their oral 

informed consent.  

 

 

 

 

 Laboratory Data and Blood Collection 

Standard techniques were used to measure weight and 

height, and the BMI was determined by dividing the weight 

(kg) by the height (m2) of all subjects. Obesity was 

measured using BMI cut-offs based on 2004 WHO 

guidelines for Asians: underweight (BMI <18.5 Kg/m2), 

non-obese (normal weight) (18.5≤ BMI <25 Kg/m2), and 

obese (BMI ≥25 Kg/m2). Menopause was defined as 

amenorrhea lasting for a year or more; in addition, women 

over 55 years without information on menopause were 

considered postmenopausal. 
 

A 5 ml sample of venous blood was taken from each 

female and put into a test tube that did not have an 

anticoagulant. This was done so that the biochemical levels 

of FT3, FT4, TSH, Anti-TPO Ab, CEA, and CA 15-3 could 

be found using the electrochemiluminescence immunoassay 

(ECLIA) in the COBAS e411 automated analyzer 

(ROCHE/Hitachi-Germany). The thyroid function and 

autoimmunity were assessed according to the reference 

range values as follows:  

 

FT3 3.07-6.76 pmol/L, FT4 12.3-20.2 pmol/L, TSH 

0,47-4.64 mIU/L, CEA 0-5 µg/L, CA15-3 up to 25 KU/L, 

and Anti-TPO Ab less than 35 KIU/L, whereas Anti-TPO 

Ab level more than 35 IU/mL was supportive for thyroid 

autoimmunity. High levels of TSH assessed the HT above 

the maximum laboratory range and low levels of FT3 and/or 
FT4 in serum below the minimum laboratory range. 

 

 Treatments 

Postoperative irradiation of patients with BC to the 

chest wall and supraclavicular with or without axilla lymph 

nodes. The radiation dose was 50 Gy divided into 25 

fractions (2 Gy) per fraction per day and five fractions per 

week. All patients were treated using a two-dimensional 

(2D) conformal radiation approach. Patients were prone 

with a side arm of treatment extended overhead and 

immobilized with a breast board. The pathologist at Sana'a 

NOC diagnosed the cancerous diseases. A physician 

determined the treatment volume in the axillary and 

supraclavicular areas. All patients were treated with CT 

scans and manual contouring before receiving dosages. The 

supraclavicular area was treated with tangential fields. 

Treatment planning was performed using a simulator 

(Varian Medical System). The treatment machine was then 
delivered using this technique (Theratron Equinox Cobalt-

60). The standard chemotherapy regimens carried out 

chemotherapy for BC. 

 

 Statistical Analyses 

All statistical analyses were performed using SPSS 

software (version 21) for Windows and GraphPad Prism 

(version 8.0.2). The Mann-Whitney U test was used for 

continuous variable analysis, and the Chi-square test was 

used for categorical analysis. Spearman correlation 

coefficients and the Spearman rank-order correlation 

coefficient employing the Graphpad prism were applied to 

investigate the correlation between thyroid laboratory 

parameters and tumor markers. The two-tailed P value was 

considered statistically significant at P < 0.05. 
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III. RESULTS 

 
 Clinical Parameters of the Study Subjects 

Table 1 and Figure 1 summarize the clinical 

parameters of the study subjects as means ± standard 

deviation. The BC patients had a significantly higher level 

of TSH and a non-significantly higher level of anti-TPO Ab 

than the healthy control (P = 0.048, P = 0.091, 

respectively). However, there was no difference in FT3 and 

FT4 levels between BC patients and healthy controls (P > 

0.05). According to the stratified analysis of BC patients by 
treatment status, the post-treatment subgroup had a 

significantly higher level of TSH (P = 0.015), a lower level 

of FT3 (P = 0.016), and a marginally more elevated level of 

anti-TPO Ab (P = 0.054) than that of the pretreatment 

subgroup. Additionally, the post-treatment subgroup had a 

significantly higher level of TSH and a non-significantly 

higher level of anti-TPO Ab than the healthy control (P = 

0.005, P = 0.597, respectively). However, there was no 

difference in FT3 and FT4 levels between the post-treatment 

and the healthy control (P > 0.05) (Figures 1A, 1B, 1C, and 

1D). Similarly, the pretreatment subgroup had a 

significantly higher Anti-TPO Ab level than the healthy 

control (P = 0.005). However, there was no difference in 

thyroid hormone levels between the pretreatment subgroup 

and the healthy control (P > 0.05) (Figure 1D).  

 

The percentage of positive Anti-TPO Ab was 
significantly higher in the BC group and pre-and post-

treatment subgroups compared to the control group (22.4 % 

vs. 3.3%, P = 0.001; 22% vs. 3.3%, P = 0.002; 22.7 % vs. 

3.3%, P = 0.001, respectively), whereas it was non-

significantly higher in post-treatment compared to the 

pretreatment subgroups (P > 0.05) (Figure 1E).  

 

The mean values of carcinoembryonic antigen (CEA) 

and carbohydrate antigen 15-3 (CA 15-3) were significantly 

higher in the BC group and pre- and post-treatment 

subgroups compared to the control group (CEA: P=0.000, 

P=0.001; p=0.000, CA153: P=0.008, P=0.039, P=0.013, 

respectively), whereas they were non-significantly lower in 

the post-treatment compared to pretreatment subgroup 

(P=0.958, P=0.757, respectively) (Figure 1F, 1G). 

 

 Stratified Analysis of Clinical Parameters According to 

Treatment, Menopausal, BMI Status, and Age 
The levels of thyroid hormones showed no difference 

between BC patients and healthy controls according to BMI 

and menopausal status, even though the postmenopausal 

subgroup had a significantly lower value of FT3 and FT4 

levels (P = 0.033 and 0.036, respectively) and a non-

significantly higher level of TSH than that in the 

premenopausal subgroup (P > 0.05). The level of anti-TPO 

Ab was significantly higher in BC patients than that in 

healthy controls for BMI ≥25 and age >35 (P = 0.045 and 

0.028, respectively) (Table 2).  

 

 

 

 

According to the stratified analysis of BC patients by 

treatment and menopausal status, the post-treatment 

subgroup had a significantly lower value of FT3 level (P = 

0.009) and a non-significantly higher value of TSH level 

than that in the pretreatment subgroup for the 

postmenopausal patients. However, for premenopausal 

patients, the post-treatment subgroup had a significantly 

higher value of TSH and non-significantly higher anti-TPO 

Ab levels than that in the pretreatment subgroup (P = 0.036; 

p = 0.153, respectively), whereas the levels of FT3 and FT4 

showed no differences between the two subgroups (P > 
0.05). For the post-treatment patients, the postmenopausal 

subgroup had a significantly lower value of FT3 and FT4 

levels (P = 0.009; P = 0.041, respectively) and a non-

significantly higher value of TSH level than that in the 

premenopausal subgroup (P > 0.05). However, for 

pretreatment patients, there was no difference in thyroid 

parameters between the two subgroups (P > 0.05).  

 

According to a stratified analysis by treatment and 

BMI status, the post-treatment subgroup had a significantly 

lower value of FT3 and anti-TPO Ab levels (P = 0.025 and 

0.024, respectively) and a higher value of TSH level than 

that in the pretreatment subgroup (P = 0.008) for BMI ≥25 

patients. However, for BMI <25 patients, there was no 

difference in thyroid parameters between the two subgroups 

(P>0.05). For pretreatment patients, the BMI ≥25 subgroup 

had a significantly lower value of FT4 than that of the BMI 
<25 subgroups (P = 0.046). However, for post-treatment 

patients, there was no difference in thyroid parameters 

between the two subgroups (P > 0.05). According to a 

stratified analysis by treatment and age status, the post-

treatment subgroup had a significantly lower value of FT3 

level and a higher value of TSH and anti-TPO Ab levels 

than the pretreatment subgroup (P = 0.029, P = 0.020, and 

P = 0.030, respectively) for age >35 patients. However, for 

patients aged ≤35, there was no difference in thyroid 

parameters between the two subgroups (P > 0.05) (Table 3).  

 

According to a stratified analysis of BC patients by 

clinicopathological characteristics, the results showed that 

the CA15-3 level was significantly higher in the larger 

tumor size (T3-T4) than that in smaller tumor stage (T1-T2) 

of BC patients (P = 0.023). For BC metastases, the positive 

organ metastases had significantly higher CEA and CA153 

levels than that in negative organ metastases (P = 0.022; P 
= 0.026, respectively), and the positive lymph node 

metastases had a significantly higher CEA level than those 

in the negative lymph node metastases (P = 0.048). 

However, there is no relation between thyroid hormones or 

anti-TPO Ab and the histopathological characteristics of the 

BC patients (P > 0.05) (data not showed). 

 
 Correlation Coefficient between Laboratory Parameters 

and Tumor Markers 

In pretreatment patients, CA 15-3 was significantly 

positively correlated with TSH and CEA (r = 0.318, P = 

0.014; r = 0.454, P = 0.000, respectively) (Figure 2A and 

B). There was no apparent correlation between other thyroid 

laboratory parameters and CEA or CA 15-3 (P > 0.05) 

(Figures 2C, 2D, 2E, and 2F).  
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In post-treatment patients, FT4 had a strong positive 

relationship with CEA (r = 0.295, P = 0.026) (Figure 3A) 

and a strong negative relationship with both TSH and anti-

TPO Ab (r = -0.523, P = 0.000; r = -0.231, P = 0.031, 

respectively) (Figures 3B and C). There was no apparent 

correlation between other thyroid laboratory parameters and 

CEA or CA 15-3 (P > 0.05) (Figure 3D, 3E, and 3F). 

 

 Prevalence of HT in BC Patients  

The overall prevalence of HT in BC patients was 

19.9% (15.6% subclinical HT, 6.8% clinical HT), with a 
significantly higher prevalence in post-treatment BC 

patients than in pretreatment BC patients (26.1% vs. 10.2%, 

P = 0.01) (Table 4). 

 

IV. DISCUSSION 

 
Although TSH and other thyroid laboratory parameters 

were within normal limits in our study, the BC patients had 

a significantly higher level of TSH than healthy controls. 

However, there was no difference between BC patients and 

controls in FT3 and FT4 levels. According to a stratified 

analysis by treatment status, the post-treatment BC patients 

had a significantly higher level of TSH than pretreatment 

BC patients or healthy controls. These results were 

consistent with the previous studies. 14, 17, 27-29 In 

pretreatment BC patients, TSH was significantly positively 

correlated with CA15-3. However, there was no difference 
between pretreatment patients and healthy controls in TSH 

level, which is consistent with previous studies. 18, 19 

 

FT3 was significantly lower in post-treatment than 

pretreatment BC patients, which was consistent with the 

previous studies of Shi et al. (2017) 10 and de Groot et al. 

(2015). 29 FT4 was significantly positively correlated with 

FT3 and CEA and negatively correlated with TSH and anti-

TPO Ab. However, there were no differences in FT3 and 

FT4 levels between pre- or post-treatment BC patients and 

healthy controls, which is also consistent with research. 20 

The elevated levels of TSH and lower FT3 in this study 

suggested that chemotherapy and/or radiotherapy may affect 

the function and regulation of the thyroid gland in post-

treatment BC patients, resulting in an increased level of 

TSH. Chemotherapy and radiation can change how the 

thyroid works and how it controls hormones in women with 

BC 30, and it was reported that the effects of chemicals and 
radiation on thyroid tissue work together. 31 Chemotherapy, 

one of the most successful systemic cancer treatments, kills 

malignant cells and injures normal cells. Therefore, 

chemotherapy may cause thyroid dysfunction in BC 

patients, and thyroid hormone levels decrease after BC 

chemotherapy. 32 When combined with radiation therapy, 

chemotherapy makes the thyroid more vulnerable to its 

effects. This makes the two treatments a major risk factor 

for thyroid damage and HT. 33 Additionally, Radiation 

therapy also changes the inflammatory state of endothelial 

cells 34, which can damage the parenchyma directly or affect 

blood vessels through fibrosis 35 and cause thyroid 

dysfunction 14. Due to conventional radiation therapy for 

breast, head, and neck malignancies, thyroid hormone levels 

decreased and respiratory rates increased significantly. 36 

Although the radiation field of the supraclavicular radiation 

field in breast cancer only partially includes the thyroid 

compared with the head and neck cancer cases, the effect 

was so significant because of the broad penumbra profile of 

the Cobalt-60 source of the teletherapy machine as well as 

insufficient shielding during radiation therapy. 36 

Furthermore, the effect of thyroid radiation depends on 

thyroid gland size and radiation dose in the case of cancer, 

the field distribution, the planning technique used, the type 

of radiation equipment, and the age and gender of the 

patient. 14, 27, 37 Moreover, chemotherapy is thought to induce 
HT by inhibiting the release of thyroglobulin in the liver 38 

and the function of the hypothalamic-pituitary-thyroid axis. 
39 

 

In our study, BC patients had a non-significantly 

higher level of anti-TPO Ab than healthy controls. 

Nevertheless, the percentage of positive anti-TPO Ab was 

significantly higher in BC patients than in healthy controls, 

especially in the post-treatment subgroup. In addition, the 

level of anti-TPO Ab was substantially more remarkable in 

the pretreatment subgroup than the control group and 

marginally higher in post-treatment than in pretreatment 

subgroups.  These results were consistent with research from 

previous studies 21, 22, and a meta-analysis by Pan et al. 

(2020) 23, which confirmed the relationship between anti-

TPO Ab and BC. The high percentage of positive anti-TPO 

Ab in BC patients may be due to a different geographical 
iodine intake, potentially affecting the pathogenesis of both 

thyroid autoimmune and breast diseases. 30 A recent study 

by Muller et al. (2020), reported that both the thyroid and 

mammary glands express the sodium iodide symporter. One 

of the most important thyroid autoantigens, thyroid 

peroxidase, is found in breast tissue. This is a key antigen 

link between thyroid autoimmunity and BC. 

Lactoperoxidase (LPO), an enzyme in the same family as 

thyroid peroxidase and with a structure similar to thyroid 

peroxidase, is found in breast cancer cells that are not 

healthy and reacts with some autoantibodies that are meant 

to attack thyroid peroxidase. 31 Many studies have found 

that BC has higher TPO-Abs. 24 This is likely because of a 

common antigen that makes TPO and LPO react normally in 

the breast. 40 Cross-reactivity of TPO-Abs with LPO may 

help explain why there are more TPO-Abs in patients with 

BC. Also, higher levels of TPO gene expression in BC cells 

may be another reason for the higher levels of TPO-Abs in 
patients with BC. 9, 41 Several studies reported that surgery 

or chemotherapy could affect the autoimmune system and 

cause or worsen autoimmune thyroid disease. 41, 42 Although 

the relationship between irradiation and thyroid autoimmune 

disease is still debated, irradiation can induce or exacerbate 

thyroid autoimmunity with clinical or experimental evidence 
43, 44, and thyroid dysfunction has already been reported as a 

side effect of radiotherapy for head and neck cancer. 35, 45 

Primary HT and autoimmune thyroiditis are more common 

following radiotherapy in BC patients. 46, 47 The 

radiotherapy may cause thyroid gland inflammation and 

damage and trigger the production of TPO Ab and 

thyroglobulin antibodies. The high levels of these antibodies 

will block the formation of thyroid hormones, dropping FT4 

and enhancing TSH levels. 48 The present results call 
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attention to the usefulness of examination for anti-TPO Ab 

during follow-up of BC patients who received surgery, 

radiotherapy, and chemotherapy.  

 

According to menopausal status, the results showed 

that postmenopausal BC patients had a significantly lower 

value of FT3 and FT4 levels and a non-significantly higher 

value of TSH than that of premenopausal BC patients. 

Postmenopausal status is primarily associated with advanced 

age, and the age-related changes in thyroid physiology 

include decreased thyroid iodine absorption, synthesis of 
FT4 and FT3, and catabolism of FT4, whereas increased 

reverse T3 and TSH levels remain normal, sometimes with a 

trend toward a higher limit. 12 Even without evident disease, 

the endocrine system changes with age. Thus, age-related 

decreased T4 activity and reduced thyroid responsiveness to 

TSH may lead to increased TSH secretion. 49 The level of 

FT3 was significantly lower in the post-treatment subgroup 

of postmenopausal BC patients whose BMI went up, while 

the level of FT4 was not significantly lowe. In contrast, the 

level of TSH was boosted considerably in the post-treatment 

subgroup with increasing BMI. These results were 

consistent with previous studies. 50, 51 The reduction of 

thyroid function was associated with chemotherapy 

progress, particularly in postmenopausal women. 51 

However, for premenopausal patients, the TSH level was 

significantly higher in post-treatment subgroup than 

pretreatment subgroup. The hormone estrogen may play a 
part in thyroid problems, and estrogen receptors and their 

different forms on thyroid cells may also play a role, mainly 

by raising the risk of cancer. 52, 53 Estrogen binding to 

thyroglobulin is the most common mechanism of thyroid 

dysfunction in postmenopausal women. Inhibiting thyroxine 

from entering cells causes bound thyroxine levels to rise and 

free thyroid hormone availability to decline. 54 Therefore, 

further studies on BMI and menopausal status are needed to 

understand the association of thyroid hormones with BC 

after treatment. 

 

The overall prevalence of HT in BC patients was 

19.9%, with a significantly higher prevalence post-treatment 

than in pretreatment BC patients (26.1% and 10.2%, 

respectively). These results were consistent with those of 

previous researchers. 20, 55, 56 They reported that HT is a 

common side effect of both chemotherapy and radiotherapy, 

and that there may be strong links between the two 
treatments and HT in BC caused by thyroid damage. 47, 57 

Recent studies from Danish and China reported that the risk 

of HT was elevated in patients with BC after being treated 

with radiation therapy to supraclavicular lymph nodes and 

chemotherapy. 13, 58 The high rate of HT in BC patients who 

have finished treatment has been linked to the multimodality 

therapy used to treat cancer 47 These treatments may 

influence the development of thyroid dysfunction via auto-

immunologic reactions. 42, 59 Even though the thyroid gland 

is exposed to secondary beams during radiotherapy of BC 

patients, the dose absorbed by the thyroid is the most 

essential factor in developing HT. Many studies showed that 

BC patients receiving ≥30 Gy or ≥36 Gy and V20-40 

significantly affect the development of HT. 27, 60 In addition, 

a significant association between increased thyroid absorbed 

dose and thyroid hormone changes in BC patients was 

reported. 61 Also, damage to thyroid parenchymal cells and 

capsular contracture after radiation have been suggested as 

possible causes of HT. Small thyroid vessel damage and 

large vessel atherosclerosis may also be caused by radiation. 
15, 62 So, this study showed that chemotherapy and 

radiotherapy with high radiation doses may have an effect 

on the thyroid function of BC patients and may even cause 
HT. 

 

The causal relationship between BC and thyroid 

function has not been well established. Nevertheless, HT 

appears to be a significant clinical problem associated with 

BC. Based on these results, chemotherapy, radiation 

technique, radiation dose, and the way radiation fields are 

spread out in the supraclavicular and axillary areas may all 

play a part in BC patients getting HT after treatment. 

Therefore, we suggest regular thyroid hormone screening 

and anti-TPO Ab levels should be included in the evaluation 

of BC patients periodically, especially after supraclavicular 

radiotherapy. This will allow us to identify the patients who 

require thyroxine replacement therapy, thereby avoiding the 

complications of HT seen in post-treatment mastectomy 

patients. 

 
V. CONCLUSION 

 
The present study concluded that the TSH level was 

significantly higher in BC patients compared to healthy 

controls; it was considerably higher in post-treatment than 

pretreatment BC patients, associated with increasing BMI 

and advanced age. However, the FT3 level was significantly 

lower in post-treatment compared to pretreatment BC 

patients, associated with increasing BMI and advanced age 

in postmenopausal BC patients. The percentage of positive 

anti-TPO Ab was substantially higher in BC patients 

compared to healthy controls, especially post-treatment. The 

prevalence of HT was significantly increased in BC patients; 

it was significantly higher in post-treatment compared to 

pretreatment BC patients. Our study supports the association 

of BC with thyroid dysfunction and autoimmunity. The 

study is the first to evaluate thyroid function and 

autoimmunity in Yemeni BC women. Further studies with 
large sample sizes in the future are recommended.  

 

ABBREVIATIONS 

 
BC: Breast cancer, HT: Hypothyroidism, TSH: 

Thyroid stimulating hormone, FT3: Free Triiodothyronine, 

FT4: Free Thyroxin, Anti-TPO Ab: Anti-thyroid peroxidase 

antibody, BMI: Body mass index, NOC: National Oncology 

Center, ECLIA: Electrochemiluminescence immunoassay, 

CEA: Carcinoembryonic antigen, CA15-3: Carbohydrate 

antigen 15-3, LPO: Lactoperoxidase. 
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Table 1 Clinical Parameters of the Study Subjects. 

Parameters 

 BC 
Healthy 

Controls (n = 70) 
Pa Pb Pc Pd BC 

(n = 147) 

Pre-treatment 

(n = 59) 

Post-treatment 

(n = 88) 

Age 44.8±10.7 44.5±11.2 45±10.4 44±12.8 0.459 0.746 0.378 0.454 

FT3 [pmol/L] 5.33±1.76 5.70±1.86 5.07±1.63 5.27±1.22 0.565 0.324 0.109 0.016 

FT4 [pmol/L] 15.45±3.34 15.46±3.5 15.44±3.25 15.38±2.65 0.762 0.828 0.766 0.972 

TSH [mIU/L] 3.36±3.22 2.42±1.66 3.99±3.82 2.22±1.19 0.048 0.830 0.005 0.015 

Anti-TPOAb [KIU/L] 33.78±29.9 33.41±26.13 34.04±32.3 23.30±5.9 0.091 0.005 0.597 0.054 

Positive Anti-TPOAb 
33/147 

(22.4%) 
13/59 (22%) 20/88 (22.7%) 2/60 (3.3%) 0.001 0.002 0.001 0.921 

CEA [µg/L] 3.9±5.15 4.17±5.45 3.63±4.86 1.43±0.92 0.000 0.001 0.000 0.958 

CA15-3 [KU/L] 15.49±19.3 18.83±24.28 12.08±11.24 8.3±3.43 0.008 0.039 0.013 0.757 

 

Data of clinical parameters are expressed as means±SD. Pa breast cancer (BC) compared to healthy control; Pb pretreatment 

BC patients compared to control; Pc post-treatment BC patients compared to controls; Pd post-treatment BC patients compared to 
pretreatment BC patients; FT3: Free Triiodothyronine, FT4: Free Thyroxin; TSH: Thyroid stimulating hormone; Anti-TPO Ab: 

Anti-thyroid peroxidase antibodies; CEA: Carcinoembryonic antigen; and CA15-3: Carbohydrate antigen 15-3. 

 

Table 2 Clinical Parameters of Study Subjects According to Menopausal, BMI, and Age. 

Parameters   N (cases/controls) BC Controls P 

FT3 

menopausal 

premenopausal 136 (92/44) 5.93±1.71 5.14±1.19 0.408 

postmenopausal 81 (55/26) 5.01±1.79 5.45±1.25 0.038 

P  0.033 0.368  

Age group 

≤35 53 (31/22) 5.27±1.76 5.17±1.31 0.807 

>35 164 (116/48) 5.34±1.75 5.31±1.17 0.550 

P  0.683   

BMI 
<25 130 (92/38) 5.50±1.96 5.49±1.32 0.369 

≥25 87 (55/32) 5.04±1.31 4.99±1.02 0.972 

FT4 

menopausal 

premenopausal 136 (92/44) 15.82±3.44 15.49±2.91 0.915 

postmenopausal 81 (55/26) 14.66±3.66 15.22±2.19 0.537 

P  0.036 0.226  

Age group 

≤35 53 (31/22) 15.89±3.38 16.26±2.27 0.279 

>35 164 (116/48) 15.42±3.09 15.24±1.83 0.766 

P  0.657   

BMI 
<25 130 (92/38) 15.96±3.43 15.48±2.14 0.577 

≥25 87 (55/32) 14.78±2.47 15.66±1.89 0.151 

TSH 

menopausal 

premenopausal 136 (92/44) 3.01±2.8 2.27±1.18 0.267 

postmenopausal 81 (55/26) 3.94±3.79 2.14±1.23 0.077 

P  0.469 0.662  

Age group 

≤35 53 (31/22) 2.35±1.51 2.06±1.18 0.665 

>35 164 (116/48) 3.63±3.5 2.29±1.2 0.069 

P  0.092   

BMI 
<25 130 (92/38) 3.3±3.25 2.17±1.1 0.129 

≥25 87 (55/32) 3.46±3.2 2.27±1.22 0.199 

Anti-TPO Ab 

menopausal 

premenopausal 136 (92/44) 36.29±35.18 23.85±5.72 0.306 

postmenopausal 81 (55/26) 29.58±17.34 21.81±6.29 0.082 

P  0.965 0.263  

Age group 

≤35 53 (31/22) 30.770±29.3 24.67±5.5 0.718 

>35 154 (116/38) 34.59±30.12 22.51±6.05 0.028 

P  0.268   

BMI 
<25 130 (92/38) 35.89±35.21 23.85±35.32 0.636 

≥25 87 (55/32) 30.26±17.48 22.79±6.44 0.045 

 
BC patients, FT3: Free Triiodothyronine; FT4: Free Thyroxin; TSH: Thyroid stimulating hormone; Anti-TPO Ab: Anti-

thyroid peroxidase antibodies; BMI: Body mass index. 
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Table 3 Effect of the Interaction between Menopausal, BMI, and Treatment Status on Thyroid Hormones Levels in BC Patients. 

Parameters   N (pre-/Post-treatment) Pretreatment Post-treatment P 

FT3 

menopausal 

premenopausal 92 (40/52) 5.68±1.85 5.37±1.60 0.384 

postmenopausal 55 (19/36) 5.70±1.96 4.64±1.59 0.009 

P  0.922 0.009  

Age group 

≤35 31 (13/18) 5.69±2.11 4.96±1.43 0.230 

>35 116 (46/70) 5.70±1.82 5.08±1.69 0.029 

P  0.609 0.967  

BMI 

<25 92 (29/63) 6.16±2.43 5.19±1.63 0.095 

≥25 55 (25/30) 5.25±0.91 4.79±1.65 0.025 

P  0.417 0.160  

FT4 

menopausal 

premenopausal 92 (40/52) 15.86±3.49 15.98±2.84 0.506 

postmenopausal 55 (19/36) 15.16±1.61 14.66±3.66 0.391 

P  0.470 0.041  

Age group 

≤35 31 (13/18) 15.86±4.63 15.91±2.26 0.230 

>35 116 (46/70) 15.56±2.45 15.32±3.46 0.580 

P  0.534 0.411  

BMI 

<25 92 (29/63) 16.48±3.72 15.72±3.29 0.396 

≥25 55 (25/30) 14.81±1.85 14.74±3.1 0.833 

P  0.046 0.355  

TSH 

menopausal 

premenopausal 92 (40/52) 2.39±1.74 3.49±3.34 0.036 

postmenopausal 55 (19/36) 2.48±1.526 4.7±4.38 0.167 

P  0.667 0.550  

Age group 

≤35 31 (13/18) 1.95±0.9 2.65±1.80 0.400 

>35 116 (46/70) 2.56±1.8 4.33±4.13 0.020 

P  0.437 0.119  

BMI 

<25 92 (29/63) 2.56±1.82 3.64±3.7 0.265 

≥25 55 (25/30) 2.28±1.52 4.85±4.1 0.008 

P  0.682 0.125  

Anti-TPO Ab 

menopausal 

premenopausal 92 (40/52) 33.94±28.83 38.1±39.55 0.153 

postmenopausal 55 (19/36) 32.29±19.9 28.16±15.95 0.111 

P  0.615 0.905  

Age group 

≤35 31 (13/18) 34.36±42.71 28.17±14.41 0.857 

>35 116 (46/70) 33.13±19.82 35.54±35.4 0.030 

P  0.055 0.824  

BMI 

<25 92 (29/63) 34.63±32.87 36.47±36.47 0.528 

≥25 55 (25/30) 32.23±17.86 27.91±17.08 0.024 

P  0.214 0.592  

 

FT3: Free Triiodothyronine; FT4: Free Thyroxin; TSH: Thyroid stimulating hormone; Anti-TPO Ab: Anti-thyroid 

peroxidase antibodies; BMI: Body mass index. 

 
Table 4 Prevalence of HT. 

BC patients P* 

 Total Pretreatment Post-treatment 

HT 29/147 (19.9 %) 6/59 (10.2%) 23/88 (26.1%) 0.017 

Clinical HT 6/147 (6.8%) 0 (0%) 6/88 (6.8%)  

Subclinical HT 23/147 (15.6%) 6/59 (10.2%) 17/88 (19.3%) 0.134 

 

Prevalence of hypothyroidism (HT) (clinical HT and subclinical HT) in breast cancer (BC) patients, with pretreatment and 

post-treatment patients. * P was derived from the Chi-square test. 
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Fig 1 The Mean Levels of Clinical Parameters in Patients with BC, Pretreatment Patients, Post-Treatment Patients, and Controls. 

The Mean of (A) FT3, (B) FT4, (C) TSH, (D) Anti -TPO, (E) the Percentage of Positive Anti -TPO, (F) CEA, and (G) CA 15-3. 

*P<0.05, **P<0.01, ***P<0.001. 

  

 
Fig 2 Correlation of Thyroid Parameters with CEA and CA 15-3 in Pretreatment Patients. 
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Fig 3 Correlation of Thyroid Parameters with CEA and CA 15-3 in Post-Treatment Patients. 
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