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Introduction

Research in context

Evidence before this study

A link between thyroid dysfunction and breast cancer has

long been suspected, and could be mediated through thyroid

hormones or auto-immune pathways. Previous prospective

studies evaluating pre-diagnostic circulating thyroid

hormone levels with breast cancer risk were conducted on

limited sample sizes (around 800 cases), and few of them

explored heterogeneity by breast cancer hormonal subtype.

Added value of this study

In a large (n = 1518 cases) nested case–control study, we

investigated the association between circulating

concentrations of thyroid-stimulating hormone (TSH), free

triiodothyronine (fT3), free thyroxine (fT4), the fT3/fT4 ratio,

thyroid peroxidase antibodies (TPO-Ab) status, and breast

cancer risk, overall and by breast cancer subtype.

Concentrations of fT3 and fT4 were positively associated

with breast cancer risk. For fT3, stronger associations were

observed for HER2+ tumours. Concentrations of TSH, fT3/fT4

ratio, and TPO-Ab status were not associated with breast

cancer risk overall or by tumour receptor status.

Implications of all the available evidence

Thyroid hormones may be involved in breast cancer

development, and future studies should investigate breast

cancer subtypes. Confirming these findings is critical to

obtaining a better understanding of associations between

thyroid function and breast cancer risk, which could open

important perspectives for personalised prevention.
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Methods
Study population, blood collection and follow-up

◦

◦

◦

Ethics

Selection of cases and controls

Laboratory measurements
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Statistics

≥

Controls (n = 1518) Cases (n = 1518)

Age at blood collection (years)

(mean (SD))

52.5 (7.9) 52.5 (7.9)

Age at diagnosis (years) (mean

(SD))

60.8 (8.3)

Time to diagnosis (years) (mean

(SD))

8.6 (2.7)

ER status (%)

Negative 296 (19.5)

Positive 1222 (80.5)

PR status (%)

Negative 482 (31.8)

Positive 1036 (68.2)

HER2 status (%)

Negative 1187 (78.2)

Positive 331 (21.8)

Fasting status at blood collection

(%)

No (<3 h since last meal) 731 (48.2) 730 (48.1)

In between (3–6 h since last

meal)

272 (17.9) 273 (18.0)

Yes (>6 h since last meal) 515 (33.9) 515 (33.9)

Menopausal status at blood

collection (%)

Premenopausal 410 (27.0) 410 (27.0)

Postmenopausal (including

surgical menopause)

816 (53.8) 816 (53.8)

Perimenopausal 292 (19.2) 292 (19.2)

Use of oral contraceptives or MHT

at blood collection (%)

486 (32.0) 486 (32.0)

Age at first menstrual period

(years) (mean (SD))

13.06 (1.57) 13.02 (1.53)

Number of full-term pregnancies

(%)

0 212 (14.0) 239 (15.7)

1 240 (15.8) 285 (18.8)

2 677 (44.6) 637 (42.0)

3 or more 389 (25.6) 357 (23.5)

Age at first full-term pregnancya

(years) (mean (SD))

24.9 (4.3) 25.3 (4.4)

Ever breastfed (%)

Nulliparous 212 (14.0) 239 (15.7)

No 189 (12.5) 199 (13.1)

Yes 1117 (73.6) 1080 (71.1)

Education level (%)

Primary/no schooling 589 (38.8) 575 (37.9)

Technical/professional/

secondary

627 (41.3) 629 (41.4)

Longer 302 (19.9) 314 (20.7)

Physical activity (Cambridge

Index) (%)

Inactive 306 (20.2) 337 (22.2)

Moderately inactive 616 (40.6) 570 (37.5)

Moderately active 325 (21.4) 336 (22.1)

Active 271 (17.9) 275 (18.1)

Smoking status (%)

Never 865 (57.0) 861 (56.7)

Former 327 (21.5) 349 (23.0)

Current 326 (21.5) 308 (20.3)

(Table 1 continues on next page)
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≥

≥

≥

Role of funders

Results

Controls (n = 1518) Cases (n = 1518)

(Continued from previous page)

Alcohol consumption (g/day) (%)

Non drinker 220 (14.5) 217 (14.3)

0–3 430 (28.3) 396 (26.1)

>3–12 447 (29.4) 428 (28.2)

>12–24 256 (16.9) 270 (17.8)

>24 165 (10.9) 207 (13.6)

Height (cm) (mean (SD)) 161.5 (6.6) 162.1 (6.6)

BMI (kg/m2) (mean (SD)) 25.4 (4.1) 25.8 (4.7)

TPO-Ab Positive (%) 160 (10.5) 178 (11.7)

Abbreviations: BMI body mass index; ER oestrogen receptor; HER2 human epidermal growth factor receptor 2;

PR progesterone receptor; SD standard deviation; TPO-Ab thyroid peroxidase antibodies. aAmong parous

women.

Population characteristics of study participants by case/control status.

N Geometric

mean (SD)

Median 5th

percentile

25th

percentile

75th

percentile

95th

percentile

Controls

TSH (mIU/L) 1518 1.30 (2.36) 1.39 0.25 0.89 2.20 4.51

fT3 (pmol/L) 1203 6.08 (1.27) 6.13 4.15 5.38 7.01 8.47

fT4 (pmol/L) 1203 7.06 (1.36) 7.18 4.15 5.83 8.50 11.60

fT3/fT4 1203 0.86 (1.40) 0.86 0.50 0.70 1.06 1.47

Cases

TSH (mIU/L) 1518 1.34 (2.31) 1.41 0.29 0.91 2.23 4.47

fT3 (pmol/L) 1203 6.23 (1.27) 6.31 4.18 5.44 7.15 8.75

fT4 (pmol/L) 1203 7.21 (1.36) 7.25 4.31 6.00 8.69 11.54

fT3/fT4 1203 0.86 (1.38) 0.86 0.52 0.71 1.04 1.46

Abbreviations: fT3 free triiodothyronine; fT4 free thyroxine; IU international unit; SD standard deviation; TSH

thyroid-stimulating hormone.

Distribution of TSH, fT3 and fT4 plasma concentrations among cases and control

participants.
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≥

≥ ≥

Cases/controls Base modela Fully-adjusted modelb

OR (95% CI) OR (95% CI)

TSH

Per SD increment 1518/1518 1.04 (0.96–1.12) 1.02 (0.95–1.11)

Quartiles (mIU/L)

≤0.89 362/380 1 (ref.) 1 (ref.)

(0.89, 1.39] 381/380 1.06 (0.86–1.30) 1.05 (0.85–1.30)

(1.39, 2.20] 388/378 1.08 (0.88–1.34) 1.06 (0.86–1.32)

>2.20 387/380 1.08 (0.87–1.35) 1.05 (0.84–1.32)

P-trend 0.54 0.75

fT3

Per SD increment 1203/1203 1.17 (1.06–1.29) 1.16 (1.05–1.29)

Quartiles (pmol/L)

≤5.38 282/301 1 (ref.) 1 (ref.)

(5.38, 6.13] 248/301 0.90 (0.70–1.15) 0.89 (0.69–1.15)

(6.13, 7.01] 328/300 1.26 (0.98–1.63) 1.23 (0.94–1.60)

>7.01 345/301 1.41 (1.07–1.85) 1.41 (1.06–1.87)

P-trend 0.004 0.006

fT4

Per SD increment 1203/1203 1.09 (1.00–1.20) 1.11 (1.01–1.22)

Quartiles (pmol/L)

≤5.83 271/301 1 (ref.) 1 (ref.)

(5.83, 7.18] 309/301 1.17 (0.92–1.49) 1.20 (0.94–1.53)

(7.18, 8.50] 287/300 1.10 (0.86–1.41) 1.17 (0.91–1.51)

>8.50 336/301 1.31 (1.02–1.70) 1.37 (1.05–1.79)

P-trend 0.058 0.028

fT3/fT4

Per SD increment 1203/1203 1.02 (0.92–1.12) 0.99 (0.90–1.10)

Quartiles

≤0.70 280/301 1 (ref.) 1 (ref.)

(0.70, 0.86] 324/301 1.17 (0.92–1.48) 1.19 (0.93–1.51)

(0.86, 1.06] 312/300 1.13 (0.88–1.45) 1.13 (0.87–1.46)

>1.06 287/301 1.03 (0.79–1.35) 0.97 (0.74–1.28)

P-trend 0.92 0.53

TPO-Ab

Negative 1340/1358 1 (ref.) 1 (ref.)

Positive 178/160 1.12 (0.90–1.41) 1.11 (0.89–1.40)

Abbreviations: CI; confidence interval; fT3 free triiodothyronine; fT4 free thyroxine; OR odds ratio; Q quartile;

SD standard deviation; TPO-Ab thyroid peroxidase antibodies; TSH thyroid-stimulating hormone. aConditional

logistic regression matched on centre of recruitment, age, menopausal status, phase of the menstrual cycle for

premenopausal women, use of exogenous hormones at blood collection, time of the day and fasting status at

blood collection. bAdditionally adjusted for age at first menstrual period (numeric), number of full-term

pregnancies (nulliparous/1/2/≥3), age at first full-term pregnancy (never pregnant/quartiles), breastfeeding

(ever/never/nulliparous), use of oral contraceptives (ever/never), use of menopause hormonal treatment (ever/

never/missing), smoking status (never/former/current), level of physical activity (inactive/moderately inactive/

moderately active/active), alcohol consumption (non-drinker, 0–3 g/day, >3–12 g/day, >12–24 g/day, >24 g/

day), education level (no schooling or primary/technical, professional or secondary/longer education), height

(continuous), body mass index (continuous).

Associations between TSH, fT3, fT4, and TPO-Ab status, and breast cancer risk overall.
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