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Abstract

cancer risk.

Background: There have been considerable studies on the effects of reproductive factors on thyroid cancer risk,
while findings are inconsistent. In this analysis, we aimed to investigate the associations between menstrual, repro-
ductive and hormonal factors with thyroid cancer occurrence in a population of Chinese women.

Methods: Using data from a 1:1 matched case—control study performed between 2015 and 2017 in Zhejiang
Province of China, a second analysis of 2261 pairs of female subjects was conducted. The possible effects for thyroid
cancer were evaluated in logistic regression models by odds ratios (ORs) with 95% confidence intervals (Cls).

Results: Later age at first pregnancy (for > 25 vs. £20 years, OR: 0.47, 95% Cl 0.23-0.96) and longer duration of breast
feeding (for 6-12 vs. £6 months, OR: 0.49, 95% CI 0.24-0.98) were significantly associated with decreased occurrence
of thyroid cancer, while no trend was observed. Stratified by age at enrollment, only the association with duration of
breast feeding remained significant, but limited to younger women (£ 50 years).

Conclusions: Our results suggested that women with later age at first pregnancy or longer breast feeding duration
were less likely to have thyroid cancer. These findings supported an influence role of reproductive factors in thyroid
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Background

Thyroid cancer is the most common cancer of the endo-
crine system [1] and the incidence has been increasing
worldwide for the last decades [2]. In China, between
2000 and 2011, a dramatic rise in thyroid cancer inci-
dence was observed among national female population,
with an annual percentage change (APC) of 20.1% [3].
The rise in incidence may be attributed to the improved
diagnostic techniques and over diagnosis in certain parts
of the world [4, 5]. However, in 2017, the American Col-
lege of Radiology (ACR) committees has published the
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Thyroid Imaging, Reporting and Data System (TI-RADS)
guidelines to provide guidance regarding management of
thyroid nodules on the basis of their ultrasound appear-
ance [6]. Thus, a true increase in incidence also exists,
which could be due to elevated exposure risks [7, 8].
Epidemiological research has identified ionizing radia-
tion and benign thyroid disease as established risk factors
for thyroid cancer [9]. Some other environmental and
lifestyle factors, such as high body mass index (BMI), as
well as low or high iodine intake and sleep disturbance
were also reported [5, 10, 11]. However, in actual, the eti-
ology of thyroid cancer remains largely unknown. It has
long been suggested that the thyroid cancer incidence
is much higher in women than in men [3, 12]. Further-
more, previous studies showed that the female-to-male
incidence ratio is found to be the largest during the years
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between menarche and menopause [13], which support
an influence role of menstrual, reproductive or hormo-
nal factors in the etiology of thyroid cancer. To further
confirm the hypothesis, considerable studies with dif-
ferent design have been conducted on this topic, while
the observations were weak and inconsistent [14—16].
Besides, the above evidence was mainly from western
world and other Asia counties, but limited studies were
seen among Chinese female population. Between 2015
and 2017, we conducted a hospital-based case—control
study in Zhejiang Province to explore the associated fac-
tors for thyroid cancer. In the study, self-reported data on
menstrual, reproductive, and hormonal factors were col-
lected, which provided us an opportunity to investigate
the associations with thyroid cancer in Chinese women.

Methods

Study subjects

To explore the associations of diabetes mellitus and
other factors with thyroid cancer, a 1:1 matched hospital-
based case—control study was performed in 7 counties
(Lucheng, Pingyang, Cangnan, Cixi, Nanhu, Changxing
and Yongkang) of Zhejiang Province. Case subjects were
eligible if they were first primary thyroid cancer diag-
nosed in hospitals from July 2015 to December 2017. All
the cases were identified by physician review of medi-
cal records and pathology reports. Notably, among the
cases, those who had a history of any cancer or were
unable/unwilling to complete the study questionnaire
were excluded. In the current study, thyroid cancer
was further identified based on ICD-10 and referred to
malignant neoplasm of thyroid gland (C73). In the same
area and same year, control subjects were selected from
thyroid-healthy examinees who underwent thyroid func-
tion tests and thyroid ultrasound screening in the annual
routine physical examination, which was conducted in
local hospitals. In Zhejiang Province, authorized by the
government, fixed local hospitals will organize physical
examination covering all the insured residents in com-
munity or village once a year. We excluded subjects with
abnormal levels of free triiodothyronine, free thyroxine,
and thyroid stimulating hormone (TSH), respectively.
Besides, we excluded those whose ultrasound findings
were suspicious for malignancy. Control subjects who
had a history of any cancer or were unable/unwilling to
complete the study questionnaire were also excluded.
Finally, case subjects were matched to control subjects by
age (plus or minus three years) and sex with 1:1.
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Estimation of the sample size

In our study, the cases and controls were selected by 1:1,
so we calculated the sample size with the following spe-
cial formula.

M = m/(poq1 + p190)

Among them,

m= [ua/2+uﬁ\/p(17—p)]2/<

1 2
_2)

p =O0R/(1+4+ OR) ~ RR/(1+ RR)

_ PoOR
P T pe(OR— 1)
an=1-p1, qo=1-po

P, The estimated diabetes exposure rate in control
group; P;: The estimated diabetes exposure rate in case
group; We presumed that: P;=0.07, OR=2, a=0.05,
B=0.10.

Consequently, M =398 in each county, and actually,
2937 pairs of subjects were recruited in 7 counties.

Questionnaire

With a designed questionnaire, the interviewer col-
lected all relevant information face-to-face at enroll-
ment. The questionnaire was completed within two
months after each pair of case and control was success-
fully matched. The questionnaire design went through
literature review, panel discussion, check and approval
by experts and revision after pilot study. Especially, to
obtain the relatively high reliability of the question-
naire, we have reviewed literature and discussed in
panel about the setting of questions. Besides, using the
Delphi method, we invited relevant experts to check
and revise the questionnaire. Finally, we also conducted
several rounds of pilot studies to make sure the test—
retest reliability was high. The same structured ques-
tionnaire was administered to each pair of subjects by
the same trained interviewer. The questionnaire was
used to collect the information on socio-demographic
characteristics, individual history and family history
of chronic diseases, lifestyle behaviors, environmen-
tal hazardous substances exposure, and dietary habits,
etc. The present investigation focused on menstrual,
reproductive and hormonal factors, including age at
menarche, regularity of menstrual cycle, dysmenor-
rheal history, age at menopause, number of pregnan-
cies, age at first/last pregnancy, outcome of the first
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pregnancy, breast feeding duration, use of oral contra-
ceptives, hormone therapy, and history of hysterectomy
and oophorectomy.

Statistical analysis

Descriptive statistics were used to describe the baseline
characteristics of female subjects with frequency and
proportion. Univariate conditional logistic regression
models were performed to examine the relationships of
the covariates with the thyroid cancer.

To examine the associations between menstrual, repro-
ductive and hormonal factors with thyroid cancer, we
conducted four multivariable conditional logistic regres-
sion models to adjust for the covariates, including age
(continuous), education level (no formal/primary school,
middle/high school, college/university/postgraduate),
average monthly household income (£2000, 2000-
5000,>5000 Yuan), marriage status (unmarried, mar-
ried), history of goiter (yes, no), history of nodules (yes,
no), alcohol drinking (never, occasional, current regular),
and BMI. Notably, BMI (kg/m?) was calculated as weight
divided by the square of height. According to the Chinese
adult BMI classification proposed by the Working Group
on Obesity in China in 2001 [17], subjects were catego-
rized as underweight (< 18.5), normal weight (18.5-23.9),
overweight (24.0-27.9), and obesity (> 28.0). The possible
effects were showed with odds ratios (ORs) and their 95%
confidence intervals (CIs). In model 1, only age (continu-
ous) was adjusted. In model 2, age (continuous) and other
socio-demographic characteristics including education
level, average monthly household income, marriage sta-
tus, and history of goiter and nodules were included.
Model 3 adjusted for model 2 plus the health behavior of
alcohol intake. Model 4 adjusted for model 3 plus BMI. In
model 4, the tests for trend were calculated using linear-
by-linear association chi square test. Subgroup analyses
were performed stratified by age (£50, > 50 years) in mul-
tivariable logistic regression models and only the final
results (model 4) were showed. All analyses were based
on the two-sided 5% level of significance and performed
using SAS statistical package (version 9.2, SAS Institute,
Inc., Cary, NC, USA).

Results

A total of 2937 pairs of subjects participated in the
case—control study. Among them, there were 2261 pairs
(77.0%) of females. In the present study, based on the
study purposes, only the female subjects were avail-
able in the analysis process. Among the 2261 thyroid
cancer cases, there were 2074 papillary cancers, 72 fol-
licular cancers, 13 medullary cancers, 16 undifferenti-
ated cancers and 86 other type. The mean age in female
case and control subjects was 49.44+1.16 years and
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49.32 +1.18 years, respectively. Frequencies and propor-
tions of baseline characteristics among case and control
subjects were showed in Table 1. Compared to control
subjects, case subjects were more likely to be overweight
(P=0.002), have goiter (P<0.001) and nodules (P<0.001)
and less likely to be underweight (P=0.012), have higher
household income (>5000 Yuan, P=0.001), intake
alcohol occasionally (P<0.001) and current regularly
(P=0.013).

Table 2 showed the results of multivariable models
investigating the associations between menstrual, repro-
ductive and hormonal factors with thyroid cancer. In
model 1, longer breast feeding duration of 6—12 months
and>12 months were significantly associated with
decreased occurrence of thyroid cancer, with the ORs
were 0.69 (95% CI 0.55-0.88) and 0.68 (95% CI 0.52—
0.90), respectively. Women with hormone therapy use
(OR: 2.16, 95% CI 1.13-4.14) and hysterectomy (OR:
1.71, 95% CI 1.19-2.46) were more likely to have thyroid
cancer. With further adjustment for other socio-demo-
graphic characteristics and health behavior of alcohol,
both later age at menarche (>17 vs. 13-14 years) and
age at first pregnancy (>25 vs. =20 years) were signifi-
cantly associated with decreased occurrence of thyroid
cancer in model 2 and 3. After adjustment for the BMI
in model 4, women with later age at first pregnancy (>25
vs. £20 years) and relatively longer duration of breast
feeding (6-12 vs. =6 months) were less likely to have
thyroid cancer, with the ORs were 0.47 (95% CI 0.23—
0.96) and 0.49 (95% CI 0.24-0.98), respectively. In the
final results, no trend was observed (all P-values>0.05).
Stratified analyses showed that the associations between
menstrual, reproductive and hormonal factors with thy-
roid cancer were modified by age, and no interactions
were found (all P-values >0.05). The specific results were
showed in Additional file 1: Table S1.

Discussion
In this case—control study, we investigated the associa-
tions between numerous menstrual, reproductive and
hormonal factors with thyroid cancer occurrence in Chi-
nese female population. According to the analyses, our
results suggested decreased occurrence of thyroid can-
cer among women who reported a later age at first preg-
nancy or longer duration of breast feeding, although no
trend was observed. In the stratified analysis by age at
enrollment, differences in this pattern were noted, where
the effects of age at first pregnancy diminished to be null
and only the association with duration of breast feeding
remained significant in younger women.

In the present study, later age at first pregnancy was
significantly associated with lower occurrence of thy-
roid cancer in total women (for>25 vs. =20 years, OR:
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Table 1 The baseline characteristics of female subjects and their relationships with thyroid cancer
Factors Cases (N=2261; %) Controls P OR 95% ClI
(N=2261; %)

Age (Years) 494441.16 49324£1.18 Matched
Education level

No formal/primary school 985 (43.56) 968 (42.81) Ref

Middle/high school 913 (40.38) 904 (39.98) 0.658 0.96 0.82-1.13

College/university/postgraduate 359 (15.88) 384 (16.98) 0.136 0.82 0.64-1.06
Marriage status

Unmarried 105 (4.64) 91 (4.02) Ref

Married 2151 (95.13) 2170 (95.98) 0.163 0.75 051-1.12
Average monthly household income (Yuan)

<2000 1646 (72.80) 1598 (70.68) Ref

2000-5000 271 (11.99) 242 (10.70) 0.947 1.01 0.81-1.25

>5000 341 (15.08) 415 (18.35) 0.001 0.69 0.55-0.85
Body mass index (kg/mz)

Normal weight (18.5-23.9) 1298 (5741) 1416 (62.63) Ref

Underweight (< 18.5) 79 (3.49) 122 (5.40) 0.012 0.67 0.49-091

Overweight (24.0-27.9) 652 (28.84) 581 (25.70) 0.002 1.26 1.09-1.45

Obese (>28.0) 157 (6.94) 142 (6.28) 0.073 1.25 0.98-1.59
Alcohol category

Never 1848 (81.73) 1670 (73.86) Ref

Occasional 337 (14.90) 495 (21.89) <0.001 0.55 0.47-0.66

Current regular 76 (3.36) 96 (4.25) 0.013 0.66 0.48-0.92
History of goiter

No 1346 (59.53) 633 (28.00) Ref

Yes 181 (8.01) 19 (0.84) <0.001 8.67 3.72-20.18
History of nodules

No 1175 (51.97) 555 (24.55) Ref

Yes 352 (15.57) 96 (4.25) <0.001 2.35 1.66-3.32

OR odds ratio, Cl confidence interval, Ref. reference

Percentages of each variable may not equal 100 because of missing data or rounding

0.47, 95% CI 0.23-0.96), whereas the association was
not significant in age subgroups (£50 and>50 years).
In contrast, a population-based case—control study of
young women below age 35 years performed in France
reported a lower risk of thyroid cancer among those who
had a first pregnancy after the age of 25 years (OR: 0.5,
95% CI 0.3-0.9) [18]. Several other studies on this topic
have also been conducted, giving mixed results. A meta-
analysis of prospective studies showed a directly opposite
result that the increasing age at first pregnancy/birth was
positively associated with thyroid cancer risk (SRR: 1.56,
95% CI 1.01-2.42) [19]. Parallel to this, findings from a
population-based case—control study conducted in San
Francisco Bay Area suggested an increase in risk with
age at first full term pregnancy between 25 and 29 years
(OR: 3.3, 95% CI 1.5-7.4) and > 30 years (OR: 2.8, 95% CI
1.1-7.0), with reference to<20 years, but these associa-
tions were restricted to younger women (<45 years) [13].
Meanwhile, in some other studies have investigated this

relationship of age at first pregnancy with thyroid cancer,
non-significant higher or lower risks were also observed
[20, 21]. As in the age at first pregnancy, the relationships
between duration of breast feeding and thyroid cancer
risk seemed to be inconclusive as well. In this study, we
found decreased occurrence of thyroid cancer among
women with relatively longer duration of breast feeding
(for 6-12 vs. =6 months, OR: 0.49, 95% CI 0.24—0.98).
Consistently, pooled result from a recent meta-analysis
of cohort studies suggested that longer duration of breast
feeding was associated with moderately decreased risk of
thyroid cancer (RR: 0.7, 95% CI 0.51-0.95) [22]. Similar
results concerning the protective effect of breast feed-
ing was also confirmed in a case—control study con-
ducted in France (OR per month: 0.7, 95% CI 0.5-1.0)
[18]. However, a few other studies found little support
for the association of breast feeding duration with risk
of developing thyroid cancer [22—25]. Besides, it is note-
worthy that, in a population-based case—control study
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Table 2 ORs of thyroid cancer associated with menstrual, reproductive and hormonal factors
Factors Cases Controls Model 1 Model 2 Model 3 Model 4
(N=2261) (N=2261)
ORt 95%Cl OR' 95%Cl ORt 95%Cl ORt  95%Cl
Menstrual factors
Age at menarche (years)
212 104 99 051 023-1.12 072 018-292 077 0.19-317 067 0.15-3.10
13-14 974 995 Ref Ref Ref Ref
15-16 857 859 090 069-1.18 073 046-1.17 072 045-1.16 079  048-1.30
>17 304 290 085 061-1.19 0.54 0.29-0.99 0.52 0.28-0.97 059 031-1.12
P for trend 0.650
Had regular menstrual cycles
No 187 182 127 082-196 066 032-140 063 030-134 061 0.28-1.35
Yes 2054 2067 Ref Ref Ref Ref
Had dysmenorrhea
No 1757 1719 Ref Ref Ref Ref
Yes 495 535 092 070-1.21 082 051-1.32 081 050-131 070 042-1.18
Age at menopause (years)
<44 68 64 097 060-1.58 1.08 049-239 103 046-230 098 042-229
45-49 249 224 1.03  077-1.39 098 057-167 096 056-165 092 052-1.61
50-51 307 315 Ref Ref Ref Ref
> 52 307 303 1.07  082-139 090 057-141 086 054-136 089 055-1.44
P for trend 0496
Reproductive factors
Number of pregnancy
1 613 631 Ref Ref Ref Ref
2 771 796 09 077-118 063 036-1.12 062 035-1.11 067 037-1.23
>3 774 728 1.04 081-134 064 034-120 062 033-118 066 034-1.28
P for trend 0.222
Age at first pregnancy (years)
<20 336 325 Ref Ref Ref Ref
20-25 1387 1354 099 078-125 103 063-169 103 063-1.70 096 057-1.61
>25 426 465 087 064-1.19 0.47 0.24-0.93 0.47 0.23-0.94 0.47 0.23-0.96
P for trend 0.200
Outcome of the first pregnancy
Live birth 1920 1946 Ref Ref Ref Ref
Miscarriage 81 80 113 078-1.64 093 037-233 094 037-235 085 0.33-2.20
Abortion 125 95 139 099-196 081 031-207 078 030-203 080 0.30-2.09
Stillbirth or ectopic 22 18 128 065-253 136 034-553 137 034-557 137 033-562
Age at last pregnancy (years)
<25 806 777 Ref Ref Ref Ref
25-30 883 924 097 081-117 117 0.76-1.81 117 0.75-1.81 1.21 0.77-1.90
>30 418 409 104 081-133 154 086-276 150 083-273 163 0.88-3.00
P for trend 0.667
Duration of breast feeding (months)
<6 293 234 Ref Ref Ref Ref
6-12 1040 1087 0.69 0.55-0.88 052 0.26-103 053 027-1.05 049 0.24-0.98
>12 674 685 0.68 0.52-0.90 067 031-144 068 031-146 060 0.27-1.31
P for trend 0.090
Hormonal factors
Oral contraceptive use
No 1637 1667 Ref Ref Ref Ref
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Table 2 (continued)
Factors Cases Controls ~ Model 1 Model 2 Model 3 Model 4
(N=2261) (N=2261)
OR' 95%Cl OR' 95%Cl OR' 95%Cl ORt  95%Cl

Yes 62 56 096 063-146 124 051-303 1.17 048-287 1.18 047-296
Hormone therapy use

No 2204 2233 Ref Ref Ref Ref

Yes 57 28 2.16 1.13-4.14 224 053-956 206 047-906 147 030-738
Hysterectomy and oophorectomy status

None 2107 2162 Ref Ref Ref Ref

Hysterectomy alone 119 74 1.71 1.19-246 136 074-252 137 074-254 145 0.77-2.73

Oophorectomy alone 28 15 201 093-434 184 042-796 174 041-741 193 043-872

Hysterectomy and oophorectomy 7 10 119 036-397 460 051-4145 467 052-4198 385 043-34.59

Trend test was calculated using the linear-by-linear association chi square test
OR odds ratio, Cl confidence interval, Ref. reference
Bold numbers represent significant results

* Model 1 only adjusted for age (continuous); Model 2 adjusted for model 1 plus socio-demographic characteristics including education level, average monthly
household income, marriage status, and history of goiter and nodules; Model 3 adjusted for model 2 plus the health behavior of alcohol intake; Model 4 adjusted for

model 3 plus body mass index

conducted in western Washington State, the authors
brought the recency of breast feeding into analysis and
found that the risk was increased among parous women
with breast feeding during the previous 5 years (for>12
vs. 0—1 months, RR: 2.9, 95% CI 1.5-5.5) [26]. In theory,
the major differences in the associations of age at first
pregnancy and breast feeding with thyroid cancer among
published studies with respect to sample size, study
design, population characteristics, definition and catego-
rization of the exposures of interest. Based on previous
studies, the potential mechanism behind the associations
of later age at first pregnancy and longer breastfeeding
duration with lower thyroid cancer risk might be the
decreased level of estrogens, which could have a func-
tion in the proliferation of malignant thyroid cells [18,
27, 28]. In the current study, the absence of significant
results across the majority of menstrual, reproductive
and hormonal factors provided little support for their
associations with thyroid cancer. Nevertheless, the lack
of appreciable relationships with age at menarche and
menopause, miscarriage and abortion or oral contracep-
tive and hormonal therapy use were also of importance,
since they have been extensively investigated in previous
studies [29-31].

Strengths of our study included relatively large number
of women, all diagnosed incident thyroid cancer cases
identified by physician in hospital and the availability of
a range of menstrual, reproductive and hormonal factors.

However, some limitations should be considered.
Firstly, the detailed information on exposures of inter-
est was reported by women themselves and the recall
bias inherent to case—control studies may be inevitable.

Secondly, the lack of some information on the expo-
sures, such as the menopausal status, recency of breast
feeding, the type and duration of oral contraceptive and
hormone therapy use, limited our ability to investigate
their associations with thyroid cancer risks in depth.
Thirdly, despite adjustment for a certain set of con-
founders, other potential risk factors for thyroid cancer
may have affected the final results.

Conclusions

In conclusion, our results suggested that later age at
first pregnancy and longer breast feeding duration
were significantly associated with the decreased occur-
rence of thyroid cancer, which might shed light on the
etiology, monitoring and prevention of thyroid cancer
among Chinese women. However, further evidence
from prospective studies on the possible influence role
of menstrual, as well as reproductive and hormonal fac-
tors in the risk of thyroid cancer among Chinese female
population is warranted.
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