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Abstract 

 
Background: Thyroid cancer is a common malignancy of the 

endocrine system worldwide, with a significant gender disparity in 

its incidence. Females are affected about three times more 

frequently than men, and this female predominance in thyroid 

cancer incidence is particularly observed in the reproductive age 

group. Despite the suggested mechanisms of female sex hormones 

in thyroid cancer etiology, the role of reproductive factors on 

thyroid cancer development remains unclear. Prior studies 

investigating this association have yielded inconsistent findings, 

possibly due to limited power, differences in study design or 

population characteristics. Additionally, there is a scarcity of 

population-based prospective studies specifically examining 

reproductive-aged women, particularly from Asian countries, which 

limits the interpretation of previous results on the role of 

reproductive factors in thyroid cancer risk among Asian women. 

Objectives: This study aimed to explore the association 

between reproductive and hormonal factors and thyroid cancer 

among females in an Asian population using a large sample size. 

The associations were investigated both overall and for the most 

common histological subtype, papillary thyroid cancer. Additionally, 

the study examined whether the association between reproductive 

factors and thyroid cancer incidence differed by smoking status, 

body mass index (BMI), birth years, country, and thyroid cancer 

age of diagnosis. 

Methods: A pooled analysis was conducted using individual data 

from ten prospective cohort studies participating in the Asia cohort 

consortium, that provided information on female reproductive 

factors and thyroid cancer follow-up. Exposure variables included 

age at menarche, parity status, number of children/deliveries, age at 

first delivery, breastfeeding status, menopausal status, age at 

menopause, Oral contraceptive and hormone replacement therapy 
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use, and hysterectomy status. Incident primary thyroid cancer 

cases were identified by linkage to local cancer registries and 

defined using the ICD-10 code C73. Histological thyroid cancer 

subtypes were defined based on ICD-O-3 codes. Potential 

covariates included baseline smoking status, alcohol drinking status, 

and BMI (kg/m2). Exclusions were males, missing gender 

information at baseline, missing data on age at baseline, missing 

information on parity status/number of deliveries at baseline, those 

with a prior thyroid cancer diagnosis at baseline, and those with 

missing or invalid diagnosis or follow-up.  

Statistical analyses: Descriptive statistics were used to 

summarize the baseline characteristics of each participating cohort. 

To investigate the association between reproductive factors and 

thyroid cancer risk, HRs and 95% CIs were calculated using Cox 

proportional hazards regression models by different reproductive 

factors for each cohort. Age was used as the time scale, and 

person-time accrued from baseline to the date of thyroid cancer 

incidence, death, or end of follow-up, whichever occurred first. Cox 

models were adjusted for potential covariates. The proportional 

hazards assumption was tested by examining the Schoenfeld 

residuals. Linear trends across categories of reproductive variables 

and thyroid cancer were tested, and p-value for trend reported. 

Pooling was conducted using a random-effects model, combining 

cohort-specific HRs. Heterogeneity was assessed with Cochran’s 

Q-test and quantified with the I2 statistic. Stratified analyses by 

smoking status, BMI, country, and birth years were conducted to 

examine modification of associations between reproductive factors 

and thyroid cancer risk. Significance of interaction was examined by 

the likelihood ratio test and reported as a p-value for interaction. 

Also, the study examined thyroid cancer risk based on younger 

(<55 years) and older (≥55 years) age at diagnosis. 

Results: After exclusions, the final study population included 

289,707 females from the 10 cohorts [7 from Japan (JPHC1, JPHC2, 

JACC, Miyagi, 3pref. Miyagi, Ohsaki, LSS), 1 from China (SWHS) 
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and 2 from South Korea (KMCC, KNCC)] who participated in the 

study. The SWHS cohort had the largest number of females 

(n=74,930) and KMCC cohort had the least (n=11,423). Overall, 

the mean (SD) age at baseline was 54 (10.6) years. The Japanese 

cohorts predominantly included older females, while the SWHS and 

Korean cohorts comprised younger females. At baseline, 7% of 

females were ever smokers (n=20,230), and 19% were ever 

alcohol drinkers (n=56,091). The mean BMI at baseline for all 

females was 23.4 (6.4) kg/m2. Over a mean follow-up of 17.2 (6.6) 

years, a total of 1,519 incident thyroid cancer cases were identified. 

The KNCC (n=421) and SWHS (n=306) cohorts had the highest 

number of cases. Overall, the mean age at baseline and at diagnosis 

for thyroid cancer cases was 50.6 (9.7) and 60.2 (12.5) years, 

respectively. Among the 1,519 cases, 1,294 had available 

histological data, of which 88% (n=1,140) were papillary. Due to a 

considerable amount of missing information on reproductive factors 

and histology, the LSS cohort was excluded from the main analysis. 

Older age at first delivery (≥26 vs 21-25 years) was 

significantly associated with thyroid cancer risk [HR 1.16 (95% CI 

1.03-1.31), p-trend 0.003]. Non-significant positive associations 

were observed between number of children/deliveries, 

breastfeeding status, being menopausal and age at menopause and 

thyroid cancer risk. Age at menarche, parity status, oral 

contraceptive and hormone replacement therapy use were not 

associated with thyroid cancer risk. Similar associations were seen 

for papillary thyroid cancer. Advanced age at first delivery 

significantly increased thyroid cancer risk if diagnosed at a later 

age (≥55 years) [HR 1.19 (95% CI:1.02-1.39), p-trend 0.003], 

this association was weaker for diagnosis at an earlier age (<55 

years). Stratified analyses by countries revealed significant 

interactions for the relationship between number of 

deliveries/children and thyroid cancer risk (p-interaction 0.002). 

Korea showed a significant positive association [HR 1.89 (95% CI 

1.21-2.94), p-trend 0.0008 (≥5 vs 1-2 children)], while China 
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and Japan showed inverse non-significant associations. Birth years 

significantly modified the association between number of 

deliveries/children and thyroid cancer risk (p-interaction 0.002), 

with significant positive association seen in younger cohorts, 

especially for women born in 1950s or later [HR 2.40 (95% CI 

1.12-5.18), p-trend 0.0001 (≥5 vs 1-2 children)] and no 

substantial trend in older cohorts.  

Conclusions: To the best of my knowledge, this is the first large, 

pooled analysis exploring the relationship between reproductive 

factors and thyroid cancer risk in Asian women.  Findings show that 

older age at first delivery was significantly associated with 

increased thyroid cancer risk, particularly when diagnosed later in 

life, posing challenges for healthcare providers due to the rising 

trend of delayed childbearing. Distinct patterns were observed for 

the number of deliveries/children and thyroid cancer risk across 

countries, with a significant positive association for Korea. Younger 

birth cohorts, mainly composed of Korean cohorts also showed 

increased risk with more number of deliveries/children. These 

findings provide additional evidence of a consistent association 

between the number of deliveries/children and thyroid cancer risk 

among Korean populations. Overall, this study fills a knowledge gap 

and provides valuable insights into the association between 

reproductive factors and thyroid cancer risk in Asian women. The 

study findings underscore the importance of considering country-

specific, birth year-specific and thyroid cancer age of diagnosis 

analyses, highlighting the need for a comprehensive approach. 

Further research is crucial to understand the potential role of 

hormone status as a risk factor, especially in women, for better 

thyroid cancer management. 

 

Keywords: pooled analyses of prospective studies, thyroid cancer 

incidence, reproductive factors, Asia cohort consortium, country-

specific, birth years 

Student Number: 2021-23035 
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Chapter 1. Introduction 
 

 

1.1. Background 
 

1.1.1 The thyroid gland 

The thyroid is a small butterfly shaped endocrine gland situated 

just below the larynx at the front of the lower neck (1). The 

structural and functional unit of the thyroid gland is the follicle, 

which consists of a single layer of epithelial cells surrounding a 

central colloid-filled cavity (Figure 1). There are two kinds of 

epithelial cells: follicular and parafollicular. Follicular cells produce 

the hormones triiodothyronine (T3) and thyroxine (T4), which are 

essential for the proper functioning and regulation of metabolic 

processes throughout the body. Parafollicular cells (or C cells) 

produce a hormone called calcitonin, which may play a role in bone 

metabolism.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Thyroid gland and classification of thyroid cancer  
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1.1.2 Thyroid cancer – Histological types  

Cancers of thyroid gland can be classified according to the 

origin of cells and the rate of cancer division (Figure 1)(2, 3). 

About 95% of all thyroid cancers arise from cells derived from the 

follicular epithelium, and among them differentiated papillary thyroid 

cancer is the most common type (70-80%). Follicular thyroid 

cancers also originate from the follicular cells and account for about 

10-15% of cases. It tends to grow more slowly than papillary 

thyroid cancer. The undifferentiated anaplastic thyroid cancer is a 

rare and aggressive type of thyroid carcinoma that is follicular cell-

derived and accounts for 2-3% of all thyroid cancers. A small 

proportion of thyroid cancers (about 5-10%) arise from the 

parafollicular cells and are known as medullary thyroid cancer (4, 

5). The outlook for thyroid cancer is generally good, with a five-

year survival rate of over 98% for early-stage papillary and 

follicular thyroid cancers, but advanced cases can be more difficult 

to treat and have a lower survival rate. In comparison, the 

anaplastic type has a much poorer prognosis and accounts for a 

considerable proportion of thyroid cancer deaths (6).  

 

1.2. Epidemiology of Thyroid Cancer 
 

1.2.1 Global incidence and trends – An overview 

Thyroid carcinoma is the most common malignant cancer of the 

endocrine system (6-8), with a worldwide incidence that ranks 

ninth place among all cancers (Supplementary Figure 1).  

The epidemiology of thyroid cancer is characterized by its 

relatively low incidence and increasing trend in many countries over 

the past few decades. According to the International Agency for 

Research on Cancer (IARC), thyroid cancer accounts for only a 

small proportion of all cancer cases globally, with an estimated 

586,202 new cases in 2020 (Supplementary Figure 1). However, its 

incidence has been increasing globally in recent years, especially 

for papillary thyroid cancer (9). Developed countries have seen a 
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rapid rise in thyroid cancer cases (10, 11), and the disease is 

projected to become the fourth leading type of cancer across the 

globe (12). This trend has been observed in many countries, 

including the United States, Japan, South Korea, and several 

European countries (13).  

Several factors have been explored in an attempt to explain the 

growing incidence of thyroid cancer worldwide, but it remains 

debatable whether this increase is due to increased diagnostic 

testing, improved access to healthcare or other genetic, lifestyle 

and environmental influences such as diet and obesity or exposure 

to radiation (14-17). However, recent global efforts have been 

made to tackle the impact of overdiagnosis for thyroid cancers and 

has led to modifications of international and national clinical practice 

guidelines which recommend against screening for thyroid cancer 

(5, 18), and the subsequent significant decline in incidence rates 

may indicate the mitigating harmful effects of increased diagnostic 

scrutiny (14, 19-21). 

 

1.2.2 Geographical distribution and demographics  

Previous studies have shown the incidence of thyroid cancer to 

vary by geographic area, age, and sex (12, 14).  

 

Geographic variation in thyroid cancer incidence:   

Thyroid cancer incidence rates differ substantially within and 

across continents. Asia has, by far, the highest observed incidence 

of thyroid carcinoma among all continents (Supplementary Figure 2) 

and the age-standardized incidence is higher in more developed 

countries (14.3 and 2.6 /100,000 in women and men, respectively) 

as compared with less developed countries (4.3 and 0.92 /100,000 

in women and men, respectively)(11). The cancer is more common 

in certain regions of the world, such as the Pacific Islands, where 

there is high volcanic activity (22). Moreover, differences in 

radiation exposure or iodine status in populations are also 

suggested to play a role in the geographic variations of incidence(5).  
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Age distribution of thyroid cancer:   

In comparison to most other types of adult cancers, thyroid 

cancer occurs most frequently at younger ages. especially in 

women, who are commonly diagnosed between 30 to 50 years old. 

According to the cancer statistics for adolescents and young adults 

(aged 15-39 years) as defined by the National Cancer Institute, 

thyroid cancer has been reported as the most commonly diagnosed 

cancer in adolescents and young adults aged 20-29 years in both 

sexes combined (23).  

Gender differences:  

Thyroid cancer is nearly three times more common in women 

than in men, with a global age-standardized incidence rate of 10.1 

/100,000 in females and 3.1 /100,000 in males (12). The cancer 

accounts for 1 in every 20 cancers that is diagnosed in women (12),  

 

1.2.3 East & West variations: Insights on risk factors  

The epidemiology of thyroid cancer varies between Eastern and 

Western countries, reflecting differences in risk factors, genetics, 

and environmental or lifestyle influences. Some of the key 

differences are as follows, particularly with an insight on risk 

factors:  

 

East-West variation of incidence: The incidence of thyroid cancer 

is generally higher in East Asian countries, such as South Korea, 

Japan, and China, compared to Western countries, such as the 

United States and Canada. In fact, South Korea has the highest 

incidence of thyroid cancer in the world with an annual percent 

change of about 24%–25%, which has been suggested to be almost 

entirely due to increased detection and diagnosis (24). However, it 

is worth noting that, while increased diagnostic testing may have 

been the primary driver of the rapid increase in incidence in 

Eastern populations, there is evidence suggesting that etiologic risk 

factors may have also contributed to the rise in thyroid cancer, 

particularly among Korean adolescents and young adults who are 
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unlikely to participate in thyroid cancer screening, as highlighted in 

an age-period-cohort analysis (25).  

Sex-specific incidence: detailed in Chapter 1.3.  

Age-specific incidence: In Asian countries, the incidence of thyroid 

cancer peaks in the third and fourth decades of life(26), while in 

Western countries, the peak incidence occurs in the fifth and sixth 

decades of life. This age-specific incidence pattern has been 

attributed to variations in risk factor exposure.  

Iodine Intake: Differences in iodine intake and iodine status between 

populations might be one explanation. In some parts of East Asia, 

such as Japan and South Korea (27, 28), iodine intake is high due to 

the consumption of seaweed, which may contribute to the earlier 

age of peak incidence of thyroid cancer. Another factor that might 

contribute to the earlier onset of thyroid cancer in East Asian 

countries is differences in genetic mutations or environmental 

exposures to radiation or other carcinogens(5, 29). 

Radiation Exposure: While ionizing radiation exposure is a well-

established risk factor for thyroid cancer in both East and the West, 

the extent and sources of radiation exposure can vary between 

regions. For instance, in Japan, exposure to ionizing radiation from 

the atomic bombings (30) and from the Fukushima nuclear disaster 

(31) has been a concern, whereas in some Western countries, 

exposure to medical radiation is a more common source of ionizing 

radiation exposure (32). Furthermore, in addition to ionizing 

radiation, the carcinogenic effect due to exposure to the 

radiofrequency electromagnetic fields (RF-EMFs) from mobile and 

cordless phones have also been considered in the context (33). 

Genetic Factors and benign thyroid disease: Several genetic and 

epigenetic alterations contribute to thyroid cancer development, 

with BRAF and RET mutations frequently observed in papillary 

thyroid cancer. Recent discoveries have implicated NTRK and ALK 

mutations to the cancer. These gene mutations may be more 

common in some regions than others (34). Having first-degree 

relatives with thyroid cancer has also been linked to an increased 
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likelihood of developing the disease. Moreover, a history of benign 

thyroid disease is associated with an increased risk of the cancer, 

and the prevalence of these disorders may vary regionally. 

Body Mass Index: Greater adiposity has consistently been linked to 

an increased risk of thyroid cancer in both Eastern and Western 

populations. Several studies have shown a positive correlation 

between body mass index (BMI), weight, waist and hip 

circumference and waist-to-hip ratio and thyroid cancer in a 

dose-dependent manner (35, 36). Interestingly, higher BMI during 

childhood and adolescence has shown a stronger association with 

adult thyroid cancer compared to adult BMI (37). While the positive 

association between BMI and thyroid cancer risk is reported in both 

Eastern and Western countries, the strength of the association and 

the specific subtypes of thyroid cancer affected may vary. These 

differences can be attributed to variations in the prevalence of 

obesity and overweight between these populations (38). Western 

populations tend to have higher average BMIs compared to Eastern 

populations, which can be attributed to differences in dietary 

patterns, lifestyle, and cultural norms surrounding body weight. As 

a result, the effects of BMI on thyroid cancer risk in the two 

populations may lead to different patterns of risk. 

Cigarette Smoking: Epidemiological observations demonstrate a 

reduced risk of thyroid cancer among individuals who smoke, in 

both sexes (39-43). This inverse association has been observed in 

studies conducted in Western populations; however, the findings 

among Asian populations have been less conclusive. Proposed 

explanations include anti-inflammatory effects of nicotine, a major 

component of cigarette smoke, and reduced levels of thyroid-

stimulating hormone (TSH) due to smoking (44, 45). However, the 

evidence supporting these hypotheses is not yet definitive. 

Furthermore, it is challenging to determine whether the observed 

trends in thyroid cancer incidence are directly attributable to or 

caused by the decrease in smoking prevalence in the West and 

elsewhere around the world.  
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1.3. Gender Disparity in Thyroid Cancer  
 

1.3.1 Overview and in relation to histology 

Uniquely, despite being a non-reproductive cancer, thyroid 

cancer exhibits a strong female tendency, with women having an 

incidence rate approximately three-fold higher than that of men 

(Figure 2). with a global age-standardized incidence rate of 10.1 

per 100,000 in females and 3.1 per 100,000 in males. The gender 

difference in thyroid cancer is also specific to the histologic subtype. 

The more aggressive types of thyroid cancer, anaplastic and 

medullary, have similar incidence rates in males and females. While 

differentiated thyroid cancers, such as the follicular thyroid cancer 

and papillary thyroid cancer, are more common in woman (46).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Gender disparity in thyroid cancer incidence, worldwide 

Source: GLOBOCAN, IARC https://gco.iarc.fr/today/    
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1.3.2 Across age groups and geographic regions  

The significant gender disparity in thyroid cancer incidence, 

with a female predominance has been observed particularly in the 

reproductive age group (46). According to The Global Cancer 

Observatory, thyroid cancer is the third most common cancer in 

women between the ages of 25 and 45, after breast and cervical 

cancer (Supplementary Figure 3). Furthermore, this gender 

difference in incidence is consistently evident across various 

geographic regions in both Eastern and Western countries, 

suggesting that it is not solely driven by factors such as 

environmental exposure or genetic predisposition. In some East 

Asian countries, the gender disparity is even more pronounced, for 

example, in South Korea, the incidence of thyroid cancer in women 

is more than five times higher than in men (47). 

 

1.3.3 Possible reasons for gender disparity 

Given the female predominance in thyroid cancer incidence 

compared to men, especially during the reproductive age, female 

sex hormones have been suggested to play a role in thyroid cancer 

etiology. Also, although radiation exposure, diet, and nutritional 

factors (48-50) are all well-known risk factors for thyroid cancer, 

there is no conclusive evidence that these factors contribute to the 

significant gender disparities. Alternately, differences in 

healthcare-seeking behavior, with greater use of medical care by 

women as compared to men more so during reproductive years may 

increase the opportunity for incidental diagnosis and contribute to 

the gender difference in incidence. However, this is unlikely to fully 

explain the gender disparity in thyroid cancer incidence, as studies 

have shown that the gender difference persists even after 

accounting for differences in healthcare-seeking behavior (9). 
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1.4. Reproductive Factors And Thyroid Cancer 
 

Considering reproductive and hormonal factors as potential risk 

factors to account for gender disparity, a major effort has focused 

on examining their association with thyroid cancer (38-40, 51-82).  

 

1.4.1 Literature review: Inconsistent findings 

Factors such as age at menarche, age at menopause, having 

given birth, parity or number of children, age at first birth, 

breastfeeding, exogenous hormone use have been correlated with 

thyroid cancer incidence. While several lines of evidence suggest 

that these factors may contribute to the increased risk of thyroid 

cancer in women, others have demonstrated reduced risks or no 

associations(83).  

 

Age at menarche, menopause, and age at menopause: 

Both early menarche and late age at menarche have been 

associated with increased risk of thyroid cancer. While several 

studies suggested early menarche to be associated with greater risk, 

a meta-analysis of 9 prospective cohort and 10 case-control 

studies showed positive association between late menarche (≥ 14 

years) and risk of thyroid cancer (summary OR = 1.49 95% CI: 

1.19 – 1.86)(52).  

A number of studies have assessed whether menopausal status, 

age at menopause and type of menopause were associated with 

thyroid cancer risk. A meta-analysis of 24 prospective studies 

suggested a reduced risk for post-menopausal women (summary 

RR = 0.79, 95% CI: 0.62 - 1.01)(61) and a meta-analysis of 13 

cohort and 12 case-control studies report an increased risk for 

older age at menopause (summary RR = 1.24, 95% CI 1.00 

1.53)(60). Hysterectomy (surgical removal of uterus) has been 

consistently associated with an increased risk of thyroid cancer. 
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Pregnancy, number of children, age at childbirth and breastfeeding: 

Some studies have suggested that nulliparous women have 

similar risk of thyroid cancer compared to parous women. While 

several meta-analyses demonstrated positive associations between 

number of pregnancies/children and thyroid cancer(52, 59).  

Women who have their first child at a later age (after age 30) 

have been shown to have an increased risk of thyroid cancer(61, 

76), while some other studies did not report any association. 

Findings from a meta-analysis of 13 cohort and 12 case-

control studies suggested that breastfeeding has a protective role 

against developing thyroid cancer(60). 

 

Exogenous hormone use: 

More than a few studies have investigated he role of oral 

contraceptive pills (OC) and post-menopausal hormonal therapy 

with the risk of thyroid cancer. Results have shown association in 

both directions. A meta-analysis of case-control and cohort 

studies suggested a protective effect in thyroid cancer among 

prolonged OC users (summary OR = 0.78, 95% CI: 0.65 – 0.92).  

It should be noted that while these reproductive factors have 

been linked to an increased risk of thyroid cancer in women(84), 

the precise mechanisms by which they may increase the risk are 

not fully understood. Further research is needed to fully understand 

the complex interplay of factors that contribute to the development 

of thyroid cancer. 

  

1.4.2 Summary of literature search  

Table 1 contains details on the literature search related to 

reproductive factors and thyroid cancer.  
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Table 1: Summary of previous studies for reproductive factors and thyroid cancer risk 

 

Author, Year Country Study design Findings, Association with thyroid cancer risk 

Schubart JR, et al.  
2021 

USA 
(Nurses’ 
Health Study 
II) 

Prospective 
Study 

620 cases 
Significant linear trends toward an increased thyroid cancer for advancing age at first birth and later 
age at menopause. 

Longer reproductive years increased risk of thyroid cancer (≥41 vs ≤30 years, RR = 2.20; 95% CI 1.19–

4.06). 
Parity number, months of breastfeeding, age at menarche, menopausal status, and postmenopausal 
hormone therapy were not associated with the risk of thyroid cancer 

Wang M, et al.  
2021 

Zhejiang, 
China 

Hospital-based 
1:1 matched 
case–control 
study 

2261 pairs of female subjects 
Decreased occurrence of thyroid cancer with later age at first pregnancy (> 25 vs. ≦ 20 years, OR= 
0.47, 95% CI 0.23–0.96) and longer duration of breast feeding (6–12 vs. ≦ 6 months, OR= 0.49, 95% CI 
0.24–0.98 

He JL, et al.  
2021 

Anhui 
Province, 
China 

Hospital-based 
case-control 
study 

335 papillary thyroid cancer cases 

Early age at menarche (OR ≤13 vs >13years = 2.40, 95 % CI 1.12−5.13), shorter breastfeeding duration 

(OR <6 months vs ≥6 months = 1.99, 95 % CI 1.11−3.55) and premenopausal (OR premenopausal vs 
Menopause by natural = 2.34, 95 %CI 1.03−5.28) increased risk of papillary thyroid cancer.  

Early age at first pregnancy (OR ≤24years vs >24 years = 0.66, 95 % CI 0.44−0.98) decreased the risk 

Mannathazhathu AS, et al.  
2019 

Worldwide  Meta-analysis of 
10 case-control 
and 9 cohort 
studies 

Case-control studies - 3389 cases and approximately 2500 controls 
Cohort studies 
Summary OR for case-control studies  
Increased risk on thyroid cancer with ORs of 1.43 (95% CI: 1.16-1.77) for age at menarche >14 years, 
1.49 (95% CI: 1.19-1.86) for parity >2, 1.38 (95% CI: 1.18-1.61) for miscarriage/ abortion, and 2.05 
(95% CI: 1.39-3.01) for artificial menopause.  
A protective effect (ORs: 0.85; 95% CI: 0.72-0.99) for prolonged use of OCs.  
RR for cohort studies 
Increased risk on thyroid cancer with RR of 1.17 (95% CI: 0.90-1.57) for age at menarche >14 years, 
1.10 (95% CI: 0.94-1.27) for parity >2, 1.20 (95% CI: 1.03-1.40) for miscarriage/abortion, and 2.16 (95% 
CI: 1.41-3.31) for artificial menopause and protective effect (RR: 0.78; 95% CI: 0.65-0.92) for prolonged 
use of OCs. 
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Shin S, et al. 
2018 

Japan (JPHC 
I and II 
study) 

Prospective 
Study 

187 cases 
Early age at menarche for premenopausal women (≥16 vs ≤13 years HR: 0.83 per 1 year increase, 95% 
CI: 0.70–0.98, P trend=0.03) and surgical menopause (surgical vs natural menopause HR: 2.34, 95% CI: 
1.43–3.84), and late age at natural menopause for postmenopausal women may be related to 
increased risk of thyroid cancer. 

Kim H, et al. 
2018 

Korea Cross - sectional 
study 

210 cases 
Pregnancy (nulliparous vs parous OR= 6.12, 95 % CI 2.93−12.71), parity (having 4 number of 
pregnancies had the highest risk vs 1 OR= 4.51, 95 % CI 1.77−11.59) and number of reproductive years 
(OR 1.08 95 % CI 1.06, 1.11) were significantly associated with increased risk of thyroid cancer.  
Duration of breastfeeding (OR 0.87 95 % CI 0.80, 0.96) and number of babies breastfed (OR 0.69 95 % 
CI 0.57, 0.83) significantly decreased the risk for thyroid cancer. 

Cordina-Duverger E et al. 
2017 

France Population-based 
case-control 
study 

430 cases and 505 controls 
Late age at menarche (≥15 vs <12 years, OR 1.55 95% CI 0.96-2.5) and postmenopausal status (either 
natural or artificial, OR 1.69 and 2.52, respectively) were associated with increased incidence of 
papillary thyroid cancer.  
Exposure to exogenous hormones (ever OC vs never (OR 0.69, 95% CI 0.48-1.01) as well as 
breastfeeding (ever vs never, OR 0.73, 95% CI 0.55–0.97) were inversely associated with thyroid cancer. 

Zhu J, et al. 
2016 

Worldwide  Meta-analysis of 
23 studies (10 
prospective, 12 
case-control and 
1 pooled 
analysis) 

Significant association between parity (parous vs nulliparous: RR 1.09, 95% CI 1.03-1.15; I2=33.4%) and 
parity number (2 vs nulliparous, 3 vs nulliparous: RR=1.11, 95% CI 1.01-1.22; I2=31.1% and RR=1.16, 
95% CI 1.01-1.33; I2=19.6% respectively) for increased risk of thyroid cancer. 

Zhou YQ, et al. 
2015 

Worldwide Meta-analysis of 
21 studies (2 
prospective and 
19 case-control) 

406,329 cases 
Risk of thyroid cancer was increased with multiple pregnancies (≥3 pregnancies (OR=1.39, 95% CI: 
1.21-1.59) and an interval of ≤5 years between pregnancies (OR=1.53, 95% CI: 1.29-1.81) 

Cao Y, et al.  
2015 

Worldwide  Meta-Analysis of 
25 studies (13 
cohort, 12 case-
control) 

OC and HRT use did not alter the risk of thyroid cancer. 
Older age at menopause (RR = 1.24, 95% CI 1.00–1.53, 𝑃 = 0.049) and parity (parous vs nulliparous RR 
= 2.30, 95% CI 1.31–4.04, 𝑃 = 0.004) are risk factors for thyroid cancer 
while longer duration of breastfeeding (RR = 0.7, 95% CI 0.51–0.95, 𝑃 = 0.021) plays a protective role 
against this cancer 
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Caini S, et al.   
2015 

Worldwide  meta-analysis of 
24 prospective 
studies 

5,434 thyroid cancer cases 
Increasing age at first pregnancy/birth (SRR 1.56, 95 % CI 1.01–2.42) and hysterectomy (SRR 1.43, 95 % 
CI 1.15–1.78) were associated with increased thyroid cancer risk. 
Reduced risk was associated with menopause (SRR 0.79, 95 % CI 0.62–1.01).  
No associations were seen with age at menarche, age at menopause, Parity, OC or HRT use. 

Wang P, et al. 
2015 

Western 
countries 

Meta analysis of 
6 cohort and 3 
case–control 
studies 

increased risk of papillary thyroid cancer with late age at menopause (RR=1.39, 95 % CI 1.03–1.89, 
P=0.032). 
No significant association OC or HRT use, age at menarche, parity, age at first birth, menopausal 
status, and breast feeding. 

Xhaard C, et al.  
2014 

France Population-Based 
Case-Control 
Study 

633 cases and 677 controls 
Increased risk of thyroid cancer with higher number of pregnancies (3 vs 0 OR 1.4 95%CI 0.7- 2.9 p 
trend 0.05) and early age at menarche (OR 1.3 95%CI 1.0-1.8).  
Lower risk of thyroid cancer with breastfeeding duration (≥months vs none OR: 0.3 95%CI 0.1-0.7 p-
trend <0.01), OC use duration (> 7years vs never OR 0.7 95%CI 0.4-1.0), and late age at first pregnancy 
(≥25 vs <25 years OR: 0.5 95%CI 0.3, 0.9).  

Braganza M Z, et al. 
2014 

(Prostate, 
Lung, 
Colorectal, 
and Ovarian 
Cancer 
Screening 
Trial) 

Prospective 
study 

127 cases 
Increased risk of thyroid cancer was with older age at natural menopause (≥55 vs. <50 years; HR, 2.24; 
95% CI, 1.20–4.18), greater lifetime number of ovulatory cycles (≥490 vs. <415 cycles; HR, 2.40; 95% CI, 
1.33– 4.30) and greater number of live births (≥5 vs. 1–2; HR, 1.72; 95% CI, 1.05–2.82),  
Earlier age at menarche was non significantly associated with increased thyroid cancer risk.  
No associations were observed for OC or HRT use 

Sungwalee W, et al.  
2013 

Thailand  Prospective 
Cohort Study 

17 cases 
High incidence rate per 100,000 person-year associated with early age of menarche (<14 vs≥14 = 51.0 
vs 9.6), nulligravida women (Never vs Ever 28.9 vs 10.3), and OC users (Never vs Ever 10.2 vs 11.4), 

Peterson E, et al.  
2012 

Worldwide  Systematic 
Review of 37 
studies 

Weak and equivocal associations for ever being pregnant/parous, number of pregnancies/births, use 
of prescription hormones and menopausal status. 
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Schonfeld S J, et al. 
2011 

USA 
(NIH-AARP 
Diet and 
Health 
Study) 

Prospective 
study 

312 cases 
Thyroid cancer was not associated with ages at menarche or menopause, menopause type, or parity. 
OC use (≥10 years vs. never use) was inversely associated with thyroid cancer risk (HR, 0.48; 95%CI, 
0.28–0.84; P-trend = 0.01) 
HRT use had an increased thyroid cancer risk (current vs. never HR 1.38; 95% CI: 1.07–1.79)  

Horn-Ross P L, et al, 
2011 

California 
(California 
Teachers 
Study 
cohort) 

Prospective 
study 

Later age at menarche (age ≥14 years) was associated with increased risk (RR=1.88, 95% CI: 1.13–3.13) 

Shin A, et al. 
2011 

Korea Retrospective 
cohort, 
Prospective 
study 

327 cases 
No significant associations were seen with age at menarche or age at menopause.  

Pham TM, et al.  
2009 

Japan (JACC 
study) 

Prospective 
Cohort Study 

86 cases 
Nonsignificant reduced risk of thyroid cancer was observed for women who had experienced 
pregnancy (HR 0.56 95% CI 0.25–1.24) or a live birth (HR 0.52 95% CI 0.24–1.16). 
No associations with age at menarche, age at menopause, age at first birth, or hormone use. 

Brindel P, et al.  
2008 

French 
Polynesia 

Population-based 
Case-Control 

201 cases and 324 controls 
The risk of thyroid cancer increased with menopause (premenopausal vs natural OR= 1.9, or artificial 
menopause OR= 4.5) and with number of births (nulliparous vs having ≥8 children p for trend = 0.03). 
No association was observed with age at menopause, age at first pregnancy, or breastfeeding. 

Wong EY, et al. 
2006 

Shanghai, 
China 
(Shanghai 
female 
textile 
workers 
cohort) 

Nested Case-
cohort study  

130 cases and 3,187 sub cohort non-cases 
No associations between number of live births, age at menarche or menopause, gravidity, 
breastfeeding, OC use and thyroid cancer were observed in this study. 
Nonsignificant increased risk of thyroid cancer was observed for women with later age at first birth 
(30+ vs 20-29 years HR 1.40 95% CI: 0.88-2.22). 
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Truong T, et al.  
2005 

New 
Caledonia, 
South Pacific 

Population-based 
Case-Control 
Study 

293 cases and 354 controls 
Increased risk of thyroid cancer was associated with later age at menarche (≤12 vs ≥15 years OR 1.2 
95% CI 0.7- 1.9), hysterectomy (no vs yes OR 1.5 95% CI 0.8- 2.8), and number of pregnancies 
(nulliparous vs ≥8 OR 2.2 (95% CI 1.1-4.3, p-trend 0.01). 
OC and HRT use were unrelated to thyroid cancer. 

Zivaljevic V, et al. 
2003 

Serbia Hospital based 
1:1 matched 
case-control 
study 

204 pairs 
OC use increased the risk of thyroid cancer (OR = 2.34, 95% CI = 1.31–4.18) but was not independently 
related to risk after adjusting for well-established thyroid cancer risk factors. 

Negri E, et al.  
2002 

Europe, 
North 
America, 
and Asia 

Pooled analysis 
of 14 case –
control studies 

67 cases and 335 controls 
Reduction in medullary thyroid cancer risk with age at first birth before 25years (< 25 vs 25-29 and 30+ 
years, ORs = 2.2, 95% CI 0.74-6.4 and 5.6, 95% CI 1.7-18 respectively) 
No associations with age at menarche, menopausal status, number miscarriages/induced abortions. 
Non-significant positive association with nulliparous vs parous (OR 1.3)  
inverse association with number of births (OR 0.85) 

Memon A, et al. 
2002 

Kuwait, 
Middle East  

Population based 
1:1 matched 
case-control 
study 

238 pairs 
No associations with thyroid cancer risk with age at menarche, pregnancy, menopausal status and age 
at menopause.  
Increased risk among women who had >5 children (OR51.5; 95% CI: 0.9–2.5). 
childbearing during the latter half of reproductive life had a substantial effect on the incidence of 
thyroid cancer; for any given level of parity, there was about a 2-fold increased risk if the age at last 
pregnancy was >30 years. 

Iribarren C, et al. 
2001 

San 
Francisco, 
CA, USA 

Population based 
cohort study 

196 incident thyroid cancers 
Number of children, Age at menarche, OC and hormone use did not show statistically significant 
relations to thyroid cancer. 

Mack WJ, et al. 
1999 

Los Angeles 
County 

1:1 matched 
case-control 
study 

292 pairs 
Age at menarche, pregnancy, menopausal status, use of OC and other exogenous estrogens were not 
associated with thyroid cancer.  
Decreased risk with duration of breastfeeding (P trend 0.04). 

Rossing MA, et al. 
1998 

Washington, 
USA 

Population based 
case control 
study 

410 cases and 574 controls 
Reduced risk of papillary thyroid cancer among women <45 years with ever OC use (OR = 0.6 95%CI 
0.4-0.9) 



１６ 

 

Galanti MR, et al. 
1996 
 

Norway and 
Sweden  

Population based 
case control 
study 

191 cases and 341 controls 
No clear association was found with number of live births/pregnancies, OC or HRT use. 
Increased risk of thyroid cancer was seen with early first childbirth (before 20 years of age) and 
menopausal status (artificial vs spontaneous menopause OR 2.52; 95% CI 0.96-6.62)  

Levi F, et al.  
1993 

Switzerland Hospital based 
Case control 
study 

91 cases and 306 controls 
Non-significant increase in cancer risk with an increasing number of full-term pregnancies (> 3 vs. 0 OR 
= 1.6, 95% CI: 0.7–3.6) and menopausal status (artificial menopause vs. premenopausal women, OR = 
6.3 95% CI: 1.7–23.2). 
No associations with age at first birth and age at menarche. 

La Vecchia C, et al. 
1993 

Italy  integrated 
series of case-
control studies 

Several reproductive factors were investigated with several cancers. There were no significant results 
for thyroid cancer 

Akslen LA, et al.  
1992 

Norway Prospective 
study 

124 cases 
No strong associations with parity, age at first birth, age at menarche and menopause. 
A long reproductive period was related to increased risk of papillary carcinomas, 

Franceschi S, et al. 
1990  

Italy  Hospital-based 
case control 
study 

165 cases and 214 controls 
Late age at menarche (≥ 14 vs ≤11, RR = 2.8), late age at first birth (≥ 28 vs ≤21 years, RR = 2.4) 
significantly increased risk of thyroid cancer 
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1.5. Estrogen and thyroid cancer 
 

1.5.1 Plausible mechanisms for gender disparity 

Understanding the possible explanations for the gender 

disparity in thyroid cancer incidence has been an area of active 

research, and differences in hormonal status and hormonal receptor 

mediation have been proposed to contribute to the disparities in 

thyroid cancer in males and females (85). It is well established that 

sex hormone effects are mediated by hormone-specific nuclear 

receptors that regulate gene expression and tumor cell biology (86). 

Several lines of evidence suggest a role of estrogen in the 

pathogenesis of thyroid cancer in women (Figure 3).  

 

1.5.2 Estrogen receptor-mediated signaling 

The strongest support comes from experimental studies that 

have demonstrated estrogen receptors in thyroid tissue, and some 

studies show higher levels of estrogen receptors in neoplastic 

versus normal thyroid cells (87). The action of estrogen occurs 

through two types estrogen receptors, called alpha (ERα) and beta 

(ERβ) which are members of a large family of nuclear transcription 

factors that regulate transcriptional activation of genes. Studies 

suggest that thyroid cancer cells exhibit differential expression of 

estrogen receptors, with an increase in ERα and a decrease in ERβ, 

which in turn promote tumorigenesis and reduce tumor suppression 

respectively (88, 89).  

 

1.5.3 Estrogen receptor as a growth factor 

In addition, estrogen has been suspected to affect growth-

factor dependent signaling pathways in thyroid cancer. Recent 

studies have elucidated molecular mechanisms by which estrogen 

affects the cell cycle regulatory system to promote cellular 

proliferation, such as 17β-Estradiol has been shown to stimulate 

cell cycle progression by inducing the expression of the cyclin D1 

gene during early G1 phase(90). Experimental evidence suggests 
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in-vivo direct growth promoting effect of estrogen (17β-Estradiol) 

in differentiated FRTL-5 rat thyroid cells (91).  

 

1.5.4 Pregnancy and thyroid cancer 

Similar molecular observations have been seen during 

pregnancy, where the increase of human chorionic gonadotropin 

(HCG) which has close homology to TSH have stimulating effects 

on the thyroid tumors (92). In addition, increased estrogen levels in 

pregnancy were associated with increased size of thyroid tumors, 

supported by the observation that up to 87.5% of females who 

developed thyroid cancer during pregnancy had an estrogen 

receptor-α-positive tumor (93). 

 

1.6 Reproductive Patterns in Females – East Vs West  
 

There is evidence to suggest that reproductive patterns may 

differ for Asian and Western women.   

 

Age at menarche: Studies have found that on average, Asian women 

tend to experience menarche at a younger age compared to 

Western women (94). For example, studies from East Asia found 

that the average age at menarche was around 12.5 years (95, 96), 

while studies from Western countries showed an average age of 

around 13 years (94, 97). A certain degree of downward trend of 

age at menarche has been reported in both Eastern and Western 

countries. A decline in the mean age at menarche from 13.4 to 12.4 

years between 2001 and 2010/2011 was reported in Korea(98) and 

similar findings were highlighted from Japan (drop in mean age at 

menarche from 13.8 to 12.2 years)(99); and the average age at 

menarche decreased remarkably from 17 years to under 14 years 

between the mid-19th and the mid-20th century in United States 

and in some countries in Western Europe(100). 

Parity:  Although according to the United Nations World Fertility 

Report, generally Asian women tend to have higher parity rates (i.e., 
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more children) compared to Western women(101), but in recent 

decades parity has been declining worldwide(102). East Asian 

countries, such as South Korea, Japan, and China, have relatively 

low parity, with total fertility rates ranging from 1 to 1.7, and is 

comparable to western nations (total fertility rate in United States 

and Europe is from 1.5 to 1.7). 

Age at first delivery: In many parts of the world, including Asia, 

there has been a trend toward delayed childbearing, with women 

waiting longer to have their first child(103) and the median age of 

women has increased from 26.8 to 33.2 years in developed 

countries(104). In East Asian countries, there has been a 

particularly pronounced trend toward delayed childbearing where 

the average age at first birth is over 30 years, while the average 

age at first birth among women in the United States is currently 

around 26 years, 

Menopause and age at menopause: There is evidence to suggest 

that the age at menopause may be slightly earlier in Asian women 

compared to Western women(105). Studies have reported that the 

age at menopause in Asia ranges from 42.1-49.5 years (106-108), 

while studies from Western countries have reported an average age 

of around 51-52 years(97, 109). 

Breastfeeding: In general, Asian women tend to breastfeed for 

longer durations compared to Western women(110). However, 

breastfeeding rates vary widely across both Eastern and Western 

countries, with some countries having higher rates than others(111).  

OC use and HRT use: Between 1994 and today, OC use in the world 

overall grew by 8.3% and every continent saw an increase. There is 

evidence to suggest that Western women have a higher prevalence 

of OC use compared to Asian women.  

As for hormone replacement therapy (HRT), studies have 

suggested that Asian women tend to have a lower prevalence of 

HRT use compared to Western women(112, 113).  
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Figure 3: Plausible mechanisms of estrogen in thyroid cancer 
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Chapter 2. Specific Aim and objectives 
 

 

2.1. Significance and Rationale of the Study 
 

Since thyroid cancer incidence is substantially higher in females, 

and it rises dramatically during their early reproductive years 

peaking between the ages of 40 and 49 which corresponds to 

menopause. This trend of age-specific incidence in women has 

been linked to fluctuations in female sex hormones during the 

menstrual cycle and pregnancy.  

Therefore, one may speculate that reproductive, and hormonal 

factors may serve as potential risk factors for thyroid cancer, 

reflecting lifetime estrogen exposure (Figure 4)(2).  

Exploring whether female reproductive or hormonal factors 

have a role in the striking female predominance in thyroid cancer 

incidence could offer valuable insights into the underlying causes of 

gender disparities in thyroid cancer. This exploration could also aid 

in identifying subpopulations with a higher risk of developing 

thyroid cancer. 

 

2.2. Knowledge Gap  
 

2.2.1 Current state of the field 

Several previous studies have investigated the association 

between female reproductive factors and thyroid cancer; however, 

their findings vary considerably. Factors such as, early menarche, 

late menopause, having given birth or higher parity, which 

contribute to a longer reproductive life span, have been correlated 

with developing thyroid cancer in females(52, 54-60, 62-64, 66, 

68, 73, 77, 81) However, some studies(39, 65, 80) (67-70, 72, 74, 

75, 77), pooled analyses(76), systematic reviews(38) and 

metanalyses(61, 73) found either inverse, none or weak 

associations.  
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Apart from this, the impact of exogenous sex hormones, such 

as, OCs and post-menopausal hormonal therapy, on thyroid cancer 

risk remains inconclusive. Several studies suggest protective 

effects(52, 56, 57, 71, 75), while findings from other studies reveal 

conflicting results (60, 63, 69, 70, 73-75).  

 

2.2.2 Barriers and challenges 

These inconsistent associations could be attributed to the 

limited power of most studies and heterogeneous study designs. 

Most of the previous studies have case-control study designs and 

are vulnerable to biases. There also seems to be a paucity in 

population-based prospective studies specifically examining 

reproductive-aged women, with only few studies from Asian 

countries (26, 51, 54-56, 63, 65, 72, 79, 82). The existing meta-

analyses predominantly include studies from Europe and United 

States, which may not adequately elucidate the impact of 

reproductive factors on the risk of thyroid cancer in Asian 

populations.  

The possible role of comorbidities, lifestyle factors and 

reproductive factors in the thyroid cancer risk association has also 

been poorly investigated. Yet multiple conditions such as diabetes 

and obesity are direct risk factors of thyroid cancer. 

Furthermore, the reproductive patterns for Western and Asian 

females show differences in the onset of menarche and menopause, 

essentially shifting the reproductive age, which somewhat limits the 

interpretation of previously available literature on the role of 

reproductive factors on the risk of thyroid cancer in Asian women. 
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Figure 4: Significance and rationale of the study 
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2.3. Research Hypotheses and Objectives 
 

2.3.1 Hypothesis 

It was hypothesized that, are female reproductive and hormonal 

factors associated with an increased risk of thyroid cancer, and 

whether these associations can be influenced by changes in lifestyle 

and environmental exposures.   

 

2.3.2 Objectives 

Accordingly, the primary objective of this thesis project was to 

investigate the associations between reproductive and hormone 

related risk factors with the risk of thyroid cancer in females, 

overall and by histological subtypes, while investigating possible 

confounding and modifying effects of potential risk factors. 

 

2.3.3 Specific aims  

 

The specific aims were to:  

 

• Examine overall associations between reproductive factors 

and thyroid cancer incidence in females by a pooled analyses 

of individual-level data from prospective cohort studies.  

• Examine the association by histological subtype (papillary) 

• Assess effect modification of potential risk factors on this 

association. It was examined if any association observed 

between reproductive variables with thyroid cancer incidence 

differed by smoking status and BMI.  

• Investigate the effects of birth year, country, and thyroid 

cancer age of diagnosis on the association between 

reproductive factors and thyroid cancer, which is a unique 

and important aspect of the research. 
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Chapter 3. Materials and Methods 
 

3.1. Study Design 
 

Pooled analysis of data collected from prospective cohort 

studies in the Asia Cohort Consortium (ACC).  

Data for the current study were obtained from cohort studies 

participating in the ACC, containing information on female 

reproductive factors. 

 

3.2. Data Source 
 

3.2.1 The Asia Cohort Consortium – Overview  

 

History And Organization of the ACC: The ACC is a collaborative 

effort of a total of 44 cohort studies from 10 countries across Asia, 

aimed at sharing resources to conduct large-scale epidemiological 

studies on a variety of health-related issues in the region (114). 

The total number of cohort participants is around 1 million Asians 

(115). The ACC comprises about 50 active members from Asia and 

the United States, as well as prominent cancer research institutes 

including the National Cancer Institute (NCI) in Bethesda, Maryland. 

Each member is involved in helping developing cohorts in Asia in 

some way. Members are faculty at their respective institutions, and 

others have positions in their respective national health ministries. 

These researchers from China, India, Bangladesh, Japan, Korea, 

Malaysia, Singapore, Taiwan, Thailand, the United States, and other 

countries and economies meet biannually to report on the progress 

of new and existing cohorts, discuss issues related to the 

development of common protocols, and establish collaborative 

projects (116, 117). 

Available data: Each individual cohort study provided data of 

participants that was collected at baseline regarding various risk 

factors, demographic characteristics, lifestyle, and medical history 
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(Table 2), using questionnaires, anthropometric measurements, and 

laboratory tests, respectively, and followed up on new cancer cases 

according to individual ascertainment system in each country. The 

data collected are harmonized centrally by the ACC's coordinating 

center.  

 

Table 2: Available baseline data in Asia Cohort Consortium 

 

Available Data*  

Sociodemographic 

Age,  
Sex,  
Birth year, 
Education,  
Marital status, 
Ethnicity,  

Environmental factors 

Occupation,  
Population density,  
Sleep (Sleep duration, night shift work),  
Living arrangement,  
Stress 

Lifestyle  

Tobacco use (frequency, amount, smoking status),  
Tea and Coffee intake (amount and frequency),  
Alcohol intake (types, frequency, alcohol consumption status) 
Physical activity (Metabolic Equivalent of Task (METS) 
Height, Weight, BMI, Waist measurements 
Dietary intake (Total energy intake, quantity, and frequency of diet) 

Health status 

Medical condition (Age at diagnosis of diseases, Age at surgery), 
Menopause status, Reproductive factors,  
Family history (Number family members diagnosed with cancer, Age 
at diagnosis of family member) 

Cancer incidence, Death 
and Censoring data  

Vital status (Cause of death (ICD-9/10)),  
Time under surveillance,  
Cancer diagnosis (ICD codes), 
Tumor histology (ICD-O) 
Time to cancer incidence,  
Age at death, 
Age at end of follow up, 

*Depends on availability of data in each cohort (all variables not shown) 

 

Data harmonization: Data harmonization for the ACC is done 

centrally by the ACC Coordinating Center. Once a project proposal 

has been accepted by the ACC Executive Committee, the ACC 

Coordinating Center requests data from each participating cohort. 

All cohorts that were relevant for the current project (decided by 
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the availability of exposure and outcome measures) receive an 

invitation to participate. The number of cohorts participating in each 

project varies depending on the research question and availability of 

data. The ACC Coordinating Center then collects and harmonizes 

the collected data. Data can be analyzed remotely using a virtual 

private network (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Asia Cohort Consortium cohort participation 

https://www.asiacohort.org/index.html   
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3.2.2 ACC reproductive factor working group 

In 2020, the ACC established the Reproductive Factor Working 

Group (WG) as a response to the growing interest in the 

relationship between reproductive factors and chronic diseases such 

as cancer, cardiovascular disease, and osteoporosis. The primary 

objective of this WG is to promote a common understanding of 

reproductive variables and their appropriate use in data analyses, 

which can help to ensure consistency and accuracy in research, and 

ultimately accelerate the pace of scientific progress. Specifically, 

the Reproductive Factor WG is a group of researchers from various 

countries in Asia who have established a standardized set of 

reproductive factor variables that are common across all 

participating studies. The group ensures that data collected from 

different cohorts is consistent, comparable, accurate and can be 

combined and analysed in a consistent and meaningful way. This 

helps to generate high-quality epidemiological data that can support 

research to provide important insights into the health of populations 

in Asia and beyond.  

 

Development of Reproductive Factor WG protocol: A specific 

process for harmonizing reproductive factor variables across 

studies within the ACC was followed. At the beginning, after 

approval by the ACC executive committee, the aims of the proposed 

Reproductive Factor WG were circulated. Subsequent Zoom 

meetings, E-mails, intensive collaboration, and communication 

among all involved members led to the development of a 

Reproductive Factor WG protocol, specifying the analysis plan, and 

requested variables. 

Identification of core variables: Along with the WG leaders, 

Coordinating Center (CC) staff identified a set of core variables 

related to reproductive factors that are common and/or available 

across all studies. A data request template was sent to participating 

cohorts, soliciting information on reproductive and hormonal 

variables for each cohort (baseline questionnaire data only).  
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The core variables identified were: Parity status, Number of 

deliveries/pregnancies, Age at first delivery/pregnancy, Age at 

menarche, Menopausal status & Age at menopause, Breastfeeding, 

Use of OC, Use of postmenopausal hormones and Hysterectomy. 

Identification of cohorts having reproductive variables: At the 

timepoint when data harmonization was planned, there were 13 

cohorts within the ACC who had reproductive factor variables 

available, as follows: 

SWHS: Shanghai Women’s Health Study 

JACC: Japan Collaborative Cohort Study 

JPHC1: Japan Public Health Center-based prospective Study 1 

JPHC2: Japan Public Health Center-based prospective Study 2 

Miyagi: Miyagi Cohort 

Ohsaki: Ohsaki National Health Insurance Cohort Study 

LSS: Life Span Study Cohort  

Takayama: Takayama Study 

3 Pref Miyagi: 3-Prefecture Miyagi Cohort 

KMCC: Korean Multi-center Cancer Cohort Study 

KNCC: Korean National Cancer Center Cohort  

Namwon: The Namwon Study 

SCHS: Singapore Chinese Health Study 

Standardization of variable definitions: Comparability of 

reproductive variables from participating cohorts was assessed and 

how to devise a standardized definition for each reproductive 

variable was examined. Details are as follows: 

Parity status: Parity status at baseline was available for all cohorts 

except for LSS.  

Number of deliveries/pregnancies: Except for LSS, data on number 

of deliveries/pregnancies were available for all cohorts. Not all 

cohorts had a single variable to describe number of 

deliveries/pregnancies information. Many cohorts had more than 

one variable for the same data. Except for SCHS, all the cohorts 

provided number of deliveries/pregnancies information as 

continuous values.  



３０ 

 

Age at first delivery/pregnancy: For age at first delivery/pregnancy, 

all cohorts except Takayama had continuous values. JACC and LSS 

only had data on age at first pregnancy and this value may refer to a 

pregnancy that is not full-term. Plausible values for age at first 

delivery/pregnancy were considered in the range of 10-49 years 

(values outside of this range were set as missing), 49 was selected 

as the upper cut-off because it is the median menopausal age for 

both Japan and Korea cohorts. 

Age at menarche: All cohorts had age at menarche data as 

continuous values except for Takayama and SCHS. 

Menopausal status & age at menopause: There was a modest 

amount of missing data for menopausal status, particularly in LSS, 

JACC and KNCC. Implausible values for menopausal status were 

judged by comparing it with a participant’s baseline age and/or their 

age at menopause (if available), such as premenopausal women 

reporting an age at menopause or reporting very high baseline age 

such as >55 years. Implausible values for age at menopause were 

considered <20 years. Age at menopause was available as 

continuous values for all cohorts except SCHS and Takayama. 

Breastfeeding: Only 7 cohorts had data on breastfeeding status 

(JPHC1, JPHC2, Miyagi, Ohsaki, KMCC, KNCC, Namwon); three of 

these cohorts also had data on breastfeeding duration (KMCC, 

KNCC, Namwon) at baseline. Breastfeeding duration was the 

cumulative duration of breastfeeding (sum for all children in 

months). Implausible values for breastfeeding duration would be 

considered as those inconsistent with the number of deliveries data. 

Use of OCs: Only a few cohorts had OC use status (Ohsaki, KMCC, 

KNCC, Namwon, SCHS; OC use status was computed for Miyagi 

using data from the OC use duration variable) and/or OC use 

duration (Miyagi, Ohsaki, KNCC, Namwon) reported at the study 

baseline. Data for OC start age were available for KNCC and 

Namwon and OC stop age for only Namwon. Implausible values 

were noted after comparing with baseline age. 

Use of postmenopausal hormones: Data on HRT use were not 
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available for JACC, JPHC 1, JPHC 2, LSS and 3 Pref Miyagi. 

Different variables were available with different categorizations for 

baseline HRT. In Takayama, data on both HRT current use and HRT 

ever use were available.  

Hysterectomy: Hysterectomy at baseline information was available 

for Takayama, KMCC and KNCC from two variables with 

overlapping data.  

(Supplementary table 1 details the Questionnaire items of the 

reproductive variables from each cohort) 

 

3.2.3 Data cleaning and harmonization of variables 

 The coding for each reproductive variable as well as other core 

variables was developed by the coordinating center. This included 

providing instructions on the original variables that were collected 

in the ACC database (baseline questionnaire data) followed by any 

re-coding or data processing that was necessary to create derived 

variables, and any relevant exclusions or exceptions. Thus, allowing 

data from different cohorts to be combined and analysed in a 

consistent way. A thorough data cleaning and processing was also 

performed to identify and correct any errors or inconsistencies, 

including checking for missing data, outliers, and logical 

inconsistencies in the data. Details for data cleaning, processing, 

and harmonization of each reproductive variable is as follows: 

Parity status: Derived variables were created for parity status 

(nulliparous, parous, missing). When parity status at baseline was 

missing, it was assigned using processed data on number of 

deliveries/pregnancies. Women who reported stillbirth/miscarriages 

were also set as parous (when this information was available). The 

LSS study only had data on age at first pregnancy, therefore women 

in this study were assigned as parous if they had reported their age 

at first pregnancy. 

Number of deliveries/pregnancies: Variables that described full 

term pregnancies were preferentially used when available. A 

derived variable was created for number of children/deliveries with 
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categorical values (no child, 1-2, 3-4, 5+ children, missing) which 

included nulliparous women. A separate derived variable for number 

of children/deliveries was created that excluded nulliparous women.  

Age at first delivery/pregnancy: The derived variable for age at 

first delivery/pregnancy was created to have categorical values (≤ 

20, 21-25, 26-30, 31+ years, missing) and was restricted to 

parous women. Therefore, missing included nulliparous women as 

well as parous women with missing age at first delivery/pregnancy. 

If women were missing parity status, they were also assigned 

missing age at first delivery/pregnancy. This is to maintain 

consistency across the derived variables, and we also believe that 

information on parity status should be more reliable than 

information on age at first pregnancy. A second derived variable for 

age at first delivery was also created that had continuous values. 

Age at menarche: A derived variable for age at menarche were 

created with categorical values (<13, 13-14, 15-16, 17+ years, 

missing). Plausible values for age at menarche were considered in 

the range of 10-23 years (values outside of this range were set as 

missing) as a consensus of the WG. A variable for age at menarche 

with continuous values was also created but it was missing for 

Takayama and SCHS cohorts who had only categorical values. 

Menopausal status & age at menopause: Menopausal status was 

assigned (when missing) using data on age at menopause (when 

available). When age at menopause was missing or implausible, 

menopausal status was assigned using data on baseline age. 

Considering the median menopausal age for both Japan and Korea is 

49, the following baseline age cut-offs were used to assign 

menopausal status: Age 54+ years: postmenopausal, Age 44 years 

or less: premenopausal, Ages 45-53 years: perimenopausal/ 

unknown. A derived variable for age at menopause (<45, 45-49, 

50-54, 55+, missing) was created with categorical values. 

Premenopausal women, those missing menopausal status or those 

with implausible age of menopause < 20 years were set as missing 

age at menopause. Another derived variable for age at menopause 
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was created with continuous values and medians of categories were 

assigned for SCHS (only categorical age at menopause data was 

available in SCHS). 

Breastfeeding: New variables for breastfeeding status (never, ever, 

missing) and duration were computed. The derived breastfeeding 

duration variable was measured in months and had continuous 

values. Missing values on breastfeeding status and duration were 

assigned to participants who were missing information on 

breastfeeding status and/or breastfeeding duration (when relevant), 

nulliparous women and participants who were missing parity. 

Implausibly high values for breastfeeding duration for a small 

number of KMCC participants were set as missing after identifying 

inconsistencies after cross checking with number of deliveries. 

Use of OCs: OC start/stop age variables were not cleaned because 

very few cohorts had those data. New variables were derived for 

OC ever use status (never, ever, missing) and for OC ever use 

duration (as continuous values). For OC ever use status, missing 

was assigned to missing OC use status. Conflicting information of 

OC use and duration, such as never users reporting duration or ever 

users reporting no duration or implausible values after cross 

checking with baseline age were assigned as missing. 

Use of postmenopausal hormones: New variables were derived for 

HRT ever use status (never, ever, missing) and postmenopausal 

HRT ever use status (restricted to postmenopausal women). Those 

participants with missing values were those with missing 

information on HRT ever use status. 

Hysterectomy: A derived variable for hysterectomy status was 

created (never, ever, missing). Missing was set for participants 

with missing/unknown information on hysterectomy status and if 

data gave a conflicting answer.  

 

Common exclusion criteria: As a consensus of the WG, the common 

exclusion criteria for reproductive factors focused data analysis 

included males, missing data on gender, missing age at baseline and 
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missing information on pregnancy and number of deliveries at 

baseline. 

 

3.3. Study Population 
 

3.3.1 Participating cohorts in the study  

Of these, 10 cohorts (7 from Japan, 1 from China and 2 from 

South Korea) agreed to participate in the current study (n=507,487) 

which provided information on reproductive variables as well as 

follow-up data on TC incidence (Figure 6).  

 

This study was approved by the ACC executive committee, the 

ethical committee of the National Cancer Center Japan, the 

institutional review board of Seoul National University Hospital (E-

2303-037-1410) and by respective ethics committees overseeing 

the participating studies. Informed consent was obtained from all 

participants. All data were de-identified. 

 

3.3.2 Eligibility criteria  

Following are the details of exclusions : 

- males (n=195,055),  

- missing information on gender at baseline (n=5),  

- women with missing data on age at baseline (n=2,416),  

- women with missing data on parity status/number of 

deliveries at baseline (n=18,925) 

In addition, the following individuals were considered ineligible and 

excluded from the study if they  

- had a prior thyroid cancer diagnosis at baseline (n=24) 

- had missing or invalid information on diagnosis or follow-up 

(n=1,355).  

Details of exclusions considering each participating cohort are 

provided in Table 3.  

After these exclusions, the final study population comprised 

289,707 females (Figure 6).  
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Figure 6: Study flowchart of participant inclusion and exclusion 

 

3.4. Assessment of Exposure and Outcome 
 

3.4.1 Exposure measurement  

All reproductive and hormonal variables reported by 

participants at baseline were examined as follows:  

- age at menarche (<13, 13-14, 15-16, ≥17 years) 

- parity status (nulliparous women, parous women who had 

≥1 deliveries/children)  

- number of children/deliveries (1, 2, 3, 4, 1-2, 3-4, ≥5 

children) 

- age at first delivery/pregnancy (≤ 20, 21-25, ≥26 years) 

- breastfeeding status (never, ever) 

- menopausal status (premenopausal ≤44, postmenopausal ≥54 

years) 

Baseline population of 10 cohorts 
(n=507,487) 

Female participants  
(n=312,427) 

Excluding  

• Males (n=195,055) 

• Missing information on gender at 
baseline (n=5) 

Eligible  
(n=291,086) 

Excluding females with:  

• Missing age at baseline (n=2,416) 

• Missing information on pregnancy 
status or number of deliveries at 
baseline (n=18,925) 

Excluding females with:  

• Prior cancer diagnosis at baseline 
(n=24) 

• Missing or invalid information on 
thyroid cancer diagnosis or follow 
up duration (n=1,355) 

Study population  
(n=289,707)  

Incident thyroid cancer cases 
(n=1,519) 
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- age at menopause (<45, 45-49, 50-54, ≥55 years) 

- OC use (never, ever)  

- HRT use (no, yes)  

- hysterectomy status (no, yes) 

 

During harmonization, it was noted that the LSS cohort did not 

report number of children/deliveries, and only age at first 

pregnancy was available which may have referred to pregnancy that 

was not full-term. Also, no information was collected on parity 

status and women were classified as parous if they reported their 

age at first pregnancy; thus, in the LSS cohort the proportion of 

parous women was likely underestimated.  

 

For this study, following cohorts did not have information for the 

following variables:  

Breastfeeding status – SWHS, JACC, LSS, 3 pref Miyagi;  

OC use – SWHS, JPHC1, JPHC2, JACC, LSS, 3 pref Miyagi;  

HRT use – JPHC1, JPHC2, LSS, 3 pref Miyagi;  

Hysterectomy status – SWHS, JPHC1, JPHC2, JACC, Miyagi, 

Ohsaki, LSS, 3 pref Miyagi. 

 

3.4.2 Outcome ascertainment 

In each cohort, incident thyroid cancer cases during the follow-

up duration were identified by linkage to local cancer registries of 

participating cohorts. Only primary thyroid cancer cases were 

included as incident cases.  

Thyroid cancer cases were defined using the International 

Classification of Diseases (ICD) 10th revision code C73. The 

histological subtypes for thyroid cancer were defined based on the 

ICD for Oncology, third edition (ICD-O-3) (Supplementary table 

2). Information on histological thyroid cancer subtypes was 

available from 9 out of 10 cohorts (all cohorts except LSS). 
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Table 3: Exclusion criteria and final study population  

 

 Before exclusion Exclusion 0 Exclusion 1 Exclusion 2 Exclusion 3 After exclusion 

Cohort 

Cohort 
Participants 

Missing 
data on 
gender 
at BL 

Males Females 

Missing 
data on 
age at 
BL 

Remaining 
females 
after 
Exclusion 1 

Missing 
information 
on pregnancy 
status and/or 
number of 
deliveries at 
BL 

Remaining 
females 
after 
Exclusion 2 

Diagnosed 
with TC at 
BL 

Missing 
data on 
diagnosis 
at BL 

Missing 
data on 
follow up 
duration 

Final study 
population 

TC cases 

N N N N N N N N N N N N N 

ACC, Total 507,487 5 195,055 312,427 2,416 310,011 18,925 291,086 24 − 1,355 289,707 1,519 

China              

SWHS 74,940 − − 74,940 - 74,940 - 74,940 - − 10 74,930 306 

Japan              

JPHC1 43,050 − 20,609 22,441 - 22,441 963 21,478 3 − 10 21,465 108 
JPHC2 56,520 − 26,799 29,721 - 29,721 1,988 27,733 1 − 17 27,715 77 
JACC 86,505 − 36,199 50,306 - 50,306 4,647 45,659 - − - 45,659 89 

Miyagi 47,605 − 22,836 24,769 - 24,769 1,931 22,838 1 − - 22,837 167 
Ohsaki 51,252 − 24,573 26,679 - 26,679 4,488 22,191 - − - 22,191 57 

LSS 52,883 − 20,390 32,493 2,416 30,077 - 30,077 19 − − 30,058 166 
3pref. Miyagi 31,345 − 13,992 17,353 - 17,353 829 16,524 - − - 16,524 27 

Korea              

KMCC 20,636 5 8,232 12,399 - 12,399 961 11,438 - − 15 11,423 101 
KNCC 42,751 − 21,425 21,326 - 21,326 3,118 18,208 − 1303 1303 16,905 421 

BL – baseline, TC-thyroid cancer
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3.5. Potential Confounders 
 

The following variables collected at baseline were considered 

potential confounders: 

- Smoking status (never, ever, missing),  

- Alcohol drinking status (never, ever, missing),  

- BMI (kg/m2) (<18.5, 18.5-22.9, 23-24.9, ≥25)  

Other factors suggested to be associated with thyroid cancer risk, 

such as education, occupation, radiation history, infertility, family 

history of thyroid cancer, and history of benign thyroid disease, 

were mostly unavailable for the participating cohorts.  

 

3.6. Statistical Analyses 
 

- Considering LSS cohort had the greatest number of 

reproductive variables and histology data missing it was 

excluded from the main analyses.  

- Analyses for number of children/deliveries, age at first 

delivery/pregnancy and breastfeeding status were conducted 

among parous women.  

- The specifics of how the reproductive variables and 

potential covariates were derived and/or categorized are 

described in the relevant sections; however, in general, 

standard groupings or categories mentioned in literature 

were used.  

 

An overview of the different statistical methods for the data 

analyses used in this thesis is presented below. 

 

3.6.1 Descriptive statistics  

Descriptive statistics were used to summarize the baseline 

characteristics. The mean and standard deviation (SD) were 

calculated for age at baseline and follow-up duration for the total 

study population and for each participating cohort.  
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3.6.2 Cox proportional hazard models 

The Cox proportional hazards model is essentially a regression 

model used for investigating the association between survival/time-

to-event and one or more independent variables(118).  

In this study, Cox proportional hazards regression models were 

used to examine the association between reproductive factors and 

the risk of thyroid cancer among females in the ACC participating 

cohorts overall, and for the most common histologic subtype 

papillary thyroid cancer. 

 

Defining the Models   

Using the Cox models, hazard ratios (HRs) and 95% confidence 

intervals (CIs) of thyroid cancer incidence were calculated 

according to reproductive factors for each cohort (cohort-specific 

HRs). Age was used as the time scale, such that person-time was 

accrued from baseline to the date of thyroid cancer incidence, death, 

or end of follow-up of each cohort, whichever occurred first. The 

proportional hazard assumptions were graphically tested by 

examining the Schoenfeld residuals. No evidence of non-

proportionality was observed.  

The reference category of each reproductive factor was defined 

as follows: ≥17 years (age at menarche), parous (parity status), 1 

child or 1-2 children (number of children/deliveries), 21-25 years 

(age at first delivery/pregnancy), never (breastfeeding status), no 

(menopausal status), <45 years (age at menopause), never (OC 

use), no (HRT use) and no (hysterectomy status).  

 

Model building 

The following model building strategy was implemented: 

Covariate analyses: To identify potential covariates, Cox regression 

analyses were performed, where each potential risk factor was 

tested separately to see if it had a significant association with the 

outcome of interest. This was done by computing HRs and its 
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associated CIs (Table 5). Covariates with a significant association 

were selected for further analysis in the adjusted Cox models. 

Age-adjusted Cox model: Unadjusted Cox models with age as 

time-scale.   

Multivariable-adjusted Cox model: Cox models adjusted for 

potential covariates - BMI, alcohol drinking and smoking status. 

 

Assessment of confounding and test for trend  

The potential confounding effect was assessed by evaluating 

the changes in adjusted HRs for thyroid cancer risk exceeding 10%.  

Regression analyses are commonly used to test for trend of the 

effect of the exposure on the outcome, and reported as a p-value 

for trend (118, 119). This is done to determine whether increasing 

or decreasing levels of exposure are associated with increasing or 

decreasing risk of outcome. In this study, linear trends across 

categories of reproductive variables and thyroid cancer were tested 

and p-value for trend reported (p- trend).  

 

3.6.3 Pooled analyses 

Pooled analyses were conducted using DerSimonian and Laird 

random-effect models (120) by combining cohort-specific HRs and 

95% CIs and computing pooled risk estimates. 

Random-effects model 

For each reproductive variable, cohort-specific risk estimates 

were pooled using a random-effects model that employs a 

weighting scheme based on the inverse of the cohort-specific 

variance. This type of model allows errors both within study and 

between studies. 

Heterogeneity test   

Heterogeneity was assessed by Cochran’s Q-test and 

quantified with the I2 statistic (121).  

The presence of heterogeneity across studies was evaluated 

using the Cochran’s Q-test. A low p-value (<0.1) of the test 

provides evidence of heterogeneity. In addition to testing whether 
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heterogeneity is present, it was quantified by calculating the I2 

statistic(122), which examines the proportion (%) of total variance 

in the estimates that is due to between-study heterogeneity. An I2 

of 0-40% might not be important, 30-60% represents moderate 

heterogeneity, 50-90% indicates substantial heterogeneity and 75-

100% represents considerable heterogeneity (123).   

 

3.6.4 Stratified analyses  

To account for a modifying effect, analyses were conducted on 

data stratified by  

- Smoking status   

- BMI (kg/m2)  

- Birth years  

- Country 

These analyses examined whether the above factors modified 

the associations between reproductive and hormonal factors and 

risk of thyroid cancer incidence. Significance of interaction was 

examined by the likelihood ratio test and reported as a p-value for 

interaction (p- interaction). 

 

For stratified analyses by smoking: Females were grouped as ever 

smokers and never smokers.  

For stratified analyses by BMI: BMI was categorized using the 

World Health Organization (WHO) recommendation for adult 

Asians(124) and a BMI of ≥23 kg/m2 was considered as being at 

risk in the ACC (Supplementary table 3). Therefore, BMI cutoff at 

23 kg/m2 was chosen and participants grouped as those with BMI < 

23 kg/m2 and with BMI ≥ 23 kg/m2. 

For stratified analyses by birth years: Participants were grouped as 

those born before and after the 1940s. Birth year cut-off at 1940s 

was chosen considering the birth cohort effects on thyroid cancer 

incidence in females in three East Asian countries(125). Further 

analyses were conducted on those grouped as those born in the 

1920s or earlier, in the 1930s, 1940s and 1950s or later.  
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For stratified analyses by country: Cohorts were grouped according 

to the country as China, Japan, Korea. 

 

Stratified Analysis by age of diagnosis  

To evaluate the association between reproductive variables and 

thyroid cancer in relation to age of diagnosis, a cutoff of age 55 

years was implemented to delineate two separate age groups.  

Analyses were conducted by employing Cox models to examine 

thyroid cancer risk among cases diagnosed before age 55 by 

censoring follow up at age 55 years. A similar approach was applied 

for those diagnosed after age 55. Age at diagnosis cutoff at 55 

years was chosen considering the age cohort effects on thyroid 

cancer incidence in females in three East Asian countries(125) and 

the median age at diagnosis of cases in this study was 60.2 (12.5) 

years.  

 

3.6.5 Sensitivity analyses  

In this study, menopausal status serves a dual purpose: it 

provides information about hormone status and also defines age, as 

women were categorized based on age at baseline. By considering 

menopausal status, women were divided into two groups: those 

younger than 54 years and those aged 54 years and older. This 

division allows us to calculate HRs and corresponding CIs and 

compare the results of the follow-up periods up to age 54 and 

those after 54 years. This analysis helps assess if young and old 

females differ in the risk of developing thyroid cancer due to 

reproductive or hormonal factors, thereby providing insights into its 

biological plausibility (Supplementary table 4). 

 

3.6.6 Statistical software  

In all analyses, statistical significance was determined using a 

two-sided p-value threshold of 0.05. Analyses were performed 

using SAS (SAS Inc., Cary, NC) and STATA (StataCorp LP, College 

Station, TX, USA) software.  
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Chapter 4. Results 
 

 

4.1. Study Population Characteristics 
 

4.1.1 Baseline characteristics of participating cohorts 

The baseline characteristics of each participating cohort are 

shown in Table 4. Cohort enrolment was initiated from 1963 to 

2002, and the follow-up of the final cohort ended in 2015. After 

exclusions, the final study population comprised a total of 289,707 

females across the 10 participating cohorts. Among them, the 

greatest number of females was from the SWHS cohort (n=74,930) 

and the least were from the KMCC cohort (n=11,423). From the 

Japanese cohorts, JACC contributed the most number of 

participants (n=45,659).  

Overall, the mean (SD) age at baseline was 54 (10.6) years. 

Among the total study population, a similar number of participants 

were born in the different decades: 1920s or earlier (25%), 1930s 

(30%), 1940s (25%) and 1950s or later (19%). However, when 

examining each birth year cohort separately, a higher proportion of 

females from the Japanese cohorts were older, and the SWHS and 

Korean cohorts mainly consisted of younger females born in the 

1950s or later.  

At baseline, 7% of females were ever smokers (n=20,230), and 

19% were ever alcohol drinkers (n=56,091). The mean (SD) BMI 

at baseline for all females was 23.4 (6.4) kg/m2.  

During a mean (SD) follow-up of 17.2 (6.6) years in the 10 

prospective cohorts, a total of 1,519 incident thyroid cancer cases 

were identified. The greatest number of cases came from the KNCC 

(n=421) and SWHS (n=306) cohorts. Overall, the mean (SD) age 

at baseline and at diagnosis for the thyroid cancer cases were 50.7 

(9.7) and 60.2 (12.5) years respectively. 
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Table 4: Baseline characteristics of participating cohorts  

(continued on next page) 

 

Cohort 

Number of 
women after 
exclusion  

Enrolment 
(years) 

Age at baseline 
(years) 

Follow-up 
duration  
(years) 

Birth years 

1920s or earlier 1930s 1940s 1950s and above 

N Start-end Mean (SD) Mean (SD) N (%) * N (%) * N (%) * N (%) * 

ACC, Total 289,707 1963-2015 54.0 (10.6) 17.2 (6.6) 71,729 (25) 85,945 (30) 73,666 (25) 55,812 (19) 

China         
SWHS 74,930 1996-2000 52.6 (9.1) 17.3 (3.1) 2,640 (4) 19,852 (26) 19,738 (26) 32,700 (44) 

Japan         
JPHC1 21,465 1990-1992 49.6 (5.9) 21.5 (3.8) 0 11,109 (52) 10,356 (48) 0 
JPHC2 27,715 1993-1995 54.3 (8.8) 18.3 (3.5) 6,370 (23) 9,196 (33) 9,003 (32) 3,146 (11) 
JACC 45,659 1988-1990 57.4 (9.9) 16.3 (5.6) 20,349 (45) 14,503 (32) 10,684 (23) 123 (0) 

Miyagi 22,837 1990 52.2 (7.4) 22.1 (5.5) 3,903 (17) 9,358 (41) 8,452 (37) 1,124 (5) 
Ohsaki 22,191 1996 60.5 (10.0) 10.9 (4.2) 8,403 (38) 7,854 (35) 3,988 (18) 1,946 (9) 

LSS 30,058 1963-1992 52.1 (15.1) 23.4 (10.3) 19,572 (65) 6,081 (20) 4,405 (15) 0 
3pref. Miyagi  16,524 1984 57.4 (11.3) 11.7 (4.9) 9,578 (58) 5,161 (31) 1,785 (11) 0 

Korea         
KMCC 11,423 1993-2005 54.0 (14.2) 14.5 (4.5) 901 (8) 2,534 (22) 2,290 (20) 3,143 (28) 
KNCC 16,905 2002-2015 49.8 (9.0) 9.0 (3.4) 13 (0) 297 (2) 2,965 (18) 13,630 (81) 

* - % calculated from total participants of each cohort.  
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Table 4: Baseline characteristics of women in the participating cohorts  

(continued from previous page) 

 

Cohort 

Number of 
women after 
exclusion  

Ever smokers at 
baseline  

Ever alcohol 
drinkers at 
baseline 

BMI at baseline 
(kg/m2) 

TC cases 
Age at baseline  
of TC cases 
 (years) 

Age at diagnosis 
of TC cases 
(years) 

N N (%) * N (%) * Mean (SD) N (%) # Mean (SD) Mean (SD) 

ACC, Total 289,707 20,230 (7) 56,091 (19) 23.4 (6.4) 1,519 50.7 (9.7) 60.2 (12.5) 

China        
SWHS 74,930 2,113 (3) 1,678 (2) 24.0 (3.4) 306 (20) 49.0 (7.7) 59.0 (7.8) 

Japan        
JPHC1 21,465 1,602 (7) 4,938 (23) 23.6 (3.1) 108 (7) 48.1 (6.0) 58.2 (9.1) 
JPHC2 27,715 2,125 (8) 6,021 (22) 23.4 (3.2) 77 (5) 52.5 (9.0) 63.3 (11.1) 
JACC 45,659 2,606 (6) 10,704 (23) 22.9 (3.6) 89 (6) 55.4 (7.9) 60.7 (8.2) 

Miyagi 22,837 1,873 (8) 5,544 (24) 23.7 (3.1) 167 (11) 52.2 (6.7) 64.1 (9.3) 
Ohsaki 22,191 1,860 (8) 5,050 (23) 23.8 (3.4) 57 (4) 59.5 (8.3) 65.8 (8.6) 

LSS 30,058 4,410 (15) 7,831 (26) 22.2 (17.0) 166 (11) 52.0 (14.9) 76.8 (17.0) 
3pref. Miyagi 16,524 1,435 (9) 4,296 (26) 23.4 (3.6) 27 (2) 58.0 (9.3) 62.6 (9.7) 

Korea        
KMCC 11,423 965 (8) 2,305 (20) 23.9 (3.4) 101 (7) 49.4 (11.6) 59.2 (10.8) 
KNCC 16,905 1,241 (7) 7,724 (46) 23.1 (3.0) 421 (28) 48.6 (8.8) 52.0 (8.9) 

* - % calculated from total participants of each cohort 

# - % calculated from total thyroid cancer cases (n=1519) to indicate % TC cases contributed by each cohort  

TC-thyroid cancer 
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Table 5: Risk factor association with incident thyroid cancer 

 

Covariate HR (95% CI) p-value 

Smoking   

Ever 0.81 (0.65-1.01) 0.06 

Never reference 

Alcohol drinking   

Ever 0.91 (0.79-1.04) 0.16 

Never reference 

Body Mass Index (kg/m2)    

Underweight <18.5 1.08 (0.84-1.39) 0.56 

Normal 18.5–22.9 reference 

Overweight 23.0–24.9 1.16 (1.02-1.32) 0.03 

Obese ≥25 1.22 (1.07-1.38) 0.002 

 

Body mass index categorized using categories recommended by the WHO for adult Asians 

HR – Hazard ratio, CI - confidence interval 

p-values indicated in bold show significant association. 
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4.1.2 Characteristics of cohorts by reproductive factor 

Details of the characteristics of women in the participating 

cohorts according to reproductive factor are available in Tables 6 to 

15.  

 

Age at menarche (Table 6) 

All thyroid cancer cases (n=1,519) in the participating cohorts 

had age at menarche information available. A greater proportion of 

women (n=122,592) and thyroid cancer cases (n=656) had their 

menarche between the ages of 13-14 years, while least were seen 

for <13 years (n=17,702, cases=108). The KMCC cohort had no 

case for the <13 years category.  

 

Parity status (Table 7) and Number of children/deliveries (Table 8) 

All thyroid cancer cases (n=1,519) had information for parity 

status. A major proportion of them (n=269,810, cases=1,426) were 

parous. Being parous included women that reported stillbirth or 

miscarriages. 

Number of children/deliveries was categorized in two different 

ways as shown in Table 8. LSS cohort did not have data on number 

of deliveries/pregnancies. Most women in the participating cohorts 

had 1-2 children (n=138,752, cases=822), more specifically 2 

children (n=82,996, cases=502). Having no children did not include 

parous women that reported stillbirth or miscarriages.  

 

Age at first delivery/pregnancy (Table 9) 

Table 9 shows that a comparable number of women were 

between the ages of 21-25 years (n=133,978, cases=631) or ≥ 26 

years (n=102,295, cases=662) when they first gave birth.  
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Table 6: Cohort-specific characteristics by age at menarche  

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Age at menarche                       

<13 years 

N 17,702 4,683 1,891 2,483 2,860 1,771 483 1,322 888 136 1,185 

Person years 322,273 82,965 40,886 46,445 47,299 39,478 5,435 36,996 10,076 2,342 10,351 

TC cases 108 26 16 9 5 13 2 9 2 0 26 

13-14 years 

N 122,592 27,385 9,040 11,115 17,942 10,913 14,137 16,862 6,354 1,906 6,938 

Person years 2,112,142 479,265 195,244 205,685 294,422 243,410 154,500 376,298 73,352 28,532 61,435 

TC cases 656 107 53 31 34 79 35 95 11 20 191 

15-16 years 
N 99,309 29,548 7,500 9,046 16,661 7,137 5,024 8,243 6,345 3,703 6,102 

Person years 1,711,937 511,684 160,552 165,157 271,203 157,218 54,999 205,473 75,744 53,380 55,528 
TC cases 510 119 25 23 41 53 16 42 11 39 141 

≥17 years 

N 50,104 13,314 3,034 5,071 8,196 3,016 2,547 3,631 2,937 5,678 2,680 

Person years 827,222 225,344 64,069 90,780 130,176 65,382 27,349 83,210 34,749 81,230 24,935 

TC cases 245 54 14 14 9 22 4 20 3 42 63 

* Women with age at menarche less than 10 years or greater than 23 years, TC-thyroid cancer 

 

Table 7: Cohort-specific characteristics by parity status 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Parity status                        

Nulliparous 

N 19,897 2,506 1,186 1,609 1,773 567 742 8,802 1,609 532 571 

Person years 335,142 42,633 24,622 28,644 28,222 11,893 8,270 157,824 17,562 9,027 6,447 

TC cases 93 8 3 2 7 2 5 43 1 3 19 

Parous 

N 269,810 72,424 20,279 26,106 43,886 22,270 21,449 21,256 14,915 10,891 16,334 

Person years 4,638,432 1,256,625 436,128 479,424 714,877 493,594 234,013 544,153 176,359 157,458 145,802 

TC cases 1,426 298 105 75 82 165 52 123 26 98 402 

TC-thyroid cancer 
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Table 8: Cohort-specific characteristics by number of children/deliveries 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Number of children/deliveries                     

No child 

N 11,095 2,506 1,186 1,609 1,773 567 742 0 1,609 532 571 

Person years 177,276 42,633 24,622 28,644 28,222 11,893 8,270 0 17,562 9,026 6,447 

TC cases 50 8 3 2 7 2 5 0 1 3 19 
            

1-2 children 

N 138,752 56,689 8,975 11,189 20,319 11,050 9,176 0 6,595 2,525 12,234 

Person years 2,304,082 1,003,382 192,554 206,267 336,215 244,075 101,470 0 77,373 36,424 106,595 

TC cases 822 269 47 37 45 90 24 0 8 27 275 

3-4 children 

N 86,398 12,515 9,254 10,883 19,865 10,323 10,026 0 5,644 4,111 3,777 

Person years 1,436,822 204,049 200,094 200,247 327,132 230,388 110,023 0 70,195 59,380 35,771 

TC cases 398 25 49 25 34 70 25 0 11 46 113 
            

1 child 

N 55,756 40,792 1,614 2,125 3,440 1,679 1,635 0 1,659 543 2,269 

Person years 951,569 727,201 34,167 38,321 53,246 35,905 18,067 0 17,784 7,811 19,068 

TC cases 320 219 9 8 6 14 5 0 0 4 55 

2 children 
N 82,996 15,897 7,361 9,064 16,879 9,371 7,541 0 4,936 1,982 9,965 

Person years 1,352,785 276,181 158,387 167,946 282,969 208,170 83,403 0 59,589 28,613 87,527 
TC cases 502 50 38 29 39 76 19 0 8 23 220 

3 children 

N 60,307 7,870 6,545 7,367 14,589 7,883 7,087 0 3,847 2,079 3,040 

Person years 1,014,650 130,080 141,876 135,950 244,523 176,968 78,381 0 48,305 30,071 28,497 

TC cases 283 17 35 16 28 48 20 0 7 30 82 

4 children 
N 26,091 4,645 2,709 3,516 5,276 2,440 2,939 0 1,797 2,032 737 

Person years 422,627 73,969 58,218 64,297 82,608 53,421 31,642 0 21,890 29,309 7,273 
TC cases 115 8 14 9 6 22 5 0 4 16 31 

            

≥5 children 

N 22,510 3,220 1,854 3,703 3,702 897 2,247 0 2,676 3,888 323 

Person years 335,943 49,194 39,418 67,062 51,531 19,131 22,520 0 28,792 54,859 3,436 

TC cases 80 4 9 12 3 5 3 0 7 23 14 

Missing 

N 30,952 0 196 331 0 0 0 30,058 0 367 0 

Person years 718,680 0 4,062 5,849 0 0 0 701,977 0 6,793 0 

TC cases 169 0 0 1 0 0 0 166 0 2 0 

TC-thyroid cancer 
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Table 9: Cohort-specific characteristics by age at first delivery/pregnancy 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Age at first 
delivery/pregnancy  

                      

≤ 20 years 

N 26,639 8,530 1,680 1,887 2234 1,641 1,848 4761 1,526 2,172 360 

Person years 459,570 138,089 35,967 34,425 33,582 36,129 19,614 111,213 16,858 30,243 3,449 

TC cases 100 20 8 4 7 12 6 24 3 6 10 

21-25 years 

N 133,978 22,908 10,777 14,579 23721 14,785 14,574 11772 8,954 6,062 5,846 

Person years 2,322,4773 392,101 231,963 269,127 379,060 330,675 159,314 309,048 108,887 87,947 54,354 

TC cases 631 72 55 37 35 110 28 75 18 58 143 

≥ 26 years 
N 102,295 40,981 7,360 8,586 15,032 5,689 4,266 4,723 4,049 2,006 9,603 

Person years 1,74,501 726,351 158,521 156,998 250,355 123,419 47,002 123,891 46,550 28,716 83,693 
TC cases 662 206 42 32 30 43 16 24 5 31 233 

Missing* 

N 6,898 5 462 1,054 2,899 155 761 0 386 651 525 

Person years 110,883 83 9,676 18,873 51,880 3,370 8,082 0 4,064 10,551 4,305 

TC cases 33 0 0 2 10 0 2 0 0 3 16 

Missing** 

N 19,897 2,506 1,186 1,609 1,773 567 742 8,802 1,609 532 571 

Person years 335,142 42,633 24,622 28,644 28,222 11,893 8,270 157,824 17,562 9,026 6,447 

TC cases 93 8 3 2 7 2 5 43 1 3 19 

* Parous women with missing information on age at first delivery/pregnancy  

** Nulliparous women with missing information on age at first delivery/pregnancy 

 TC-thyroid cancer 
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Breastfeeding status (Table 10) 

A larger proportion of women had ever breastfed (n= 97,139, 

cases= 727), however a comparable amount were missing 

breastfeeding information (n= 176,902, cases= 682).  

 

Postmenopausal status (Table 11) 

Table 11 demonstrates that more women were postmenopausal 

than premenopausal, and this was most evident in the Ohsaki, 3pref. 

Miyagi and KMCC cohorts.   

 

Age at menopause (Table 12) 

 The age at menopause was generally between 50-54 years for 

most cohorts (n= 67,966, cases= 296). 

 

OC use (Table 13) and HRT use (Table 14) 

Among the four cohorts that had OC use data, most of them 

were never users (n= 60,358, cases= 570), but a majority of data 

was missing (n= 220,995, cases= 838). 

Similarly, in Table 14 a high majority of the women were 

never HRT users (n= 163,306, cases= 792) and equivalent number 

of women had no information for this factor (n= 114,749, cases= 

616). 

Hysterectomy status (Table 15) 

None of the women in any of the cohorts had had 

hysterectomy (n= 0, cases= 0). Except KMCC and KNCC, all 

cohorts were missing information on hysterectomy status (n= 

272,211, cases= 1,202). 
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Table 10: Cohort-specific characteristics by breastfeeding status 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Breastfeeding status                       

Never  

N 15,666 0 2,841 2,900 0 4,013 3,040 0 0 431 2,441 

Person years 263,564 0 60,764 53,270 0 89,243 33,352 0 0 5,902 21,083 

TC cases 110 0 11 7 0 23 8 0 0 5 56 

Ever 

N 97,139 0 17,085 22,527 0 17,570 18,008 0 0 9,444 12,505 

Person years 1,606,615 0 367,820 414,189 0 389,222 196,336 0 0 134,004 105,823 

TC cases 727 0 94 67 0 142 44 0 0 83 297 

Missing* 

N 176,902 74,930 1,539 2,288 45,659 1,254 1,143 30,058 16,524 1,548 1,959 

Person years 3,102,406 1,299,258 32,166 40,609 743,100 27,022 12,596 701,977 193,921 26,577 25,343 

TC cases 682 306 3 3 89 2 5 166 27 13 68 

TC-thyroid cancer 

 

Table 11: Cohort-specific characteristics by postmenopausal status 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Postmenopausal status                       

No  

N 102,470 37,102 9,603 8,971 11,575 8,791 3,832 11,913 4,407 289 5,987 

Person years 1,975,458 665,197 208,613 169,932 208,397 199,138 41,994 362,924 52,696 4,724 61,845 

TC cases 639 192 63 30 26 57 9 73 6 1 182 

Yes  

N 179,555 37,824 11,813 18,699 33,933 13,808 18,279 16,066 11,751 8,554 8,828 

Person years 2,879,776 634,005 251,088 337,272 532,437 301,050 199,423 292,453 136,383 119,828 75,838 

TC cases 796 114 45 46 63 109 48 87 20 66 198 

Missing 

N 7,682 4 49 45 151 238 80 2,079 366 2,580 2,090 

Person years 118,339 57 1049 864 2266 5299 866 46599 4843 41,932 14565 

TC cases 84 0 0 1 0 1 0 6 1 34 41 

TC-thyroid cancer 
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Table 12: Cohort-specific characteristics by age at menopause 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Age at menopause                       

<45 years 

N 25,467 6,266 1,851 2,629 4,241 2,040 1,957 2,446 1,181 1,562 1,294 

Person years 417,630 105,452 38,969 47,546 65,366 44,101 21,051 48,736 13,595 21,103 11,712 

TC cases 128 24 8 9 12 17 6 13 1 9 29 

45-49 years 

N 57,351 16,414 4,262 5,936 10,320 3,668 4,384 5,081 2,673 2,001 2,612 

Person years 945,648 274,827 90,812 107,141 163,837 80,235 48,093 97,819 31,748 28,098 23,039 

TC cases 246 48 16 11 16 31 14 31 4 11 64 

50-54 years  
N 67,966 13,232 5,046 8,564 14,985 4,695 6,538 5,421 3,150 2,429 3,906 

Person years 1,098,554 221,697 107,689 154,707 236,827 102,742 72,479 98,515 37,254 34,011 32,636 
TC cases 296 37 18 22 26 44 17 26 8 19 79 

≥55 years  

N 7,837 1,440 301 941 1,656 453 861 562 325 550 748 

Person years 116,223 23,765 6,258 16,840 24,182 9,696 9,536 8,899 3,689 7,144 6,214 

TC cases 43 4 2 3 4 3 0 5 0 6 16 

Missing 

N 28,616 476 402 674 2,882 3,190 4,619 4,635 4,788 4,592 2,358 

Person years 420,059 8,320 8,409 11,902 44,492 69,576 49,131 85,084 54,940 71,403 16,803 

TC cases 167 1 1 2 5 15 11 18 8 55 51 

Not 
postmenopausal 

N 102,470 37,102 9,603 8,971 11,575 8,791 3,832 11,913 4,407 289 5,987 

Person years 1,975,458 665,197 208,613 169,932 208,397 199,138 41,994 362,924 52,696 4,724 61,845 

TC cases 639 192 63 30 26 57 9 73 6 1 182 

TC-thyroid cancer 

 

 

 

 

 



５４ 

 

Table 13: Cohort-specific characteristics by oral contraceptive use 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Oral contraceptive use                       

Never   

N 60,358 0 0 0 0 21,637 19,140 0 0 7,496 12,085 

Person years 902,138 0 0 0 0 479,108 210,086 0 0 105,994 106,950 

TC cases 570 0 0 0 0 153 49 0 0 66 302 

Ever   

N 8,354 0 0 0 0 732 949 0 0 3,573 3,100 

Person years 109,753 0 0 0 0 16,089 10,253 0 0 55,931 27,479 

TC cases 111 0 0 0 0 10 1 0 0 32 68 

Missing* 

N 220,995 74,930 21,465 27,715 45,659 468 2,102 30,058 16,524 354 1,720 

Person years 3,961,684 1,299,258 460,750 508,068 743,100 10,290 21,943 701,977 193,921 4,558 17,819 

TC cases 838 306 108 77 89 4 7 166 27 3 51 

* Missing includes cohorts with no data on OC use and OC use duration , TC-thyroid cancer 

 

Table 14: Cohort-specific characteristics by hormone replacement therapy use 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Hormone replacement therapy                     

No  

N 163,306 72,279 0 0 37,313 19,113 18,404 0 0 10,359 5,838 

Person years 2,690,336 1,252,199 0 0 614,348 423,352 201,384 0 0 148,972 49,181 

TC cases 792 294 0 0 77 146 46 0 0 94 135 

Yes  

N 11,652 2,651 0 0 1,975 1,446 1,652 0 0 1,064 2,864 

Person years 171,179 47,059 0 0 31,769 31,781 17,926 0 0 16,522 26,033 

TC cases 111 12 0 0 6 11 3 0 0 7 72 

Missing 

N 114,749 0 21,465 27,715 6,371 2,278 2,135 30,058 16,524 0 8,203 

Person years 2,112,058 0 460,750 508,068 96,982 50,354 22,973 701,977 193,921 0 77,035 

TC cases 616 0 108 77 6 10 8 166 27 0 214 

TC-thyroid cancer 
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Table 15: Cohort-specific characteristics by hysterectomy status 

 

 

Reproductive Characteristic Total SWHS JPHC1 JPHC2 JACC Miyagi Ohsaki LSS 
3pref. 

Miyagi 
KMCC KNCC 

Hysterectomy status                       

No  

N 17,496 0 0 0 0 0 0 0 0 8,083 9,413 

Person years 200,527 0 0 0 0 0 0 0 0 113,029 87,498 

TC cases 317 0 0 0 0 0 0 0 0 72 245 

Yes  

N 0 0 0 0 0 0 0 0 0 0 0 

Person years 0 0 0 0 0 0 0 0 0 0 0 

TC cases 0 0 0 0 0 0 0 0 0 0 0 

Missing 

N 272,211 74,930 21,465 27,715 45,659 22,837 22,191 30,058 16,524 3,340 7,492 

Person years 4,773,047 1,299,258 460,750 508,068 743,100 505,487 242,283 701,977 193,921 53,455 64,751 

TC cases 1,202 306 108 77 89 167 57 166 27 29 176 

TC-thyroid cancer 
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4.2. Reproductive factors & Thyroid cancer  
 

4.2.1 Overall pooled analyses 

Table 16 demonstrates the pooled HRs and 95% CIs for the 

association between reproductive factors and the risk of overall 

thyroid cancer risk. Supplementary Figures 4 to 12 demonstrate 

forest plots of the pooled analyses with cohort specific HRs and 95% 

CIs for each reproductive variable. 

After adjusting for potential covariates, a significant positive 

association was observed with older age at first delivery/pregnancy. 

Non-significant positive associations were seen for a higher 

number of children/deliveries, ever breastfeeding, being menopausal 

and later age at menopause. Age at menarche, parity status, OC and 

HRT use were not associated with the risk of thyroid cancer.  

 

4.2.2 Age at first delivery/pregnancy  

Older age at first delivery/pregnancy was significantly 

associated with the risk of thyroid cancer. When compared to 21-

25 years (reference), the HR (95% CIs) for ≥ 26 years was 1.16 

(1.03-1.31) and that for ≤20 years was 1.09 (0.85-1.39) with a 

significant p for trend [p-trend 0.003]. Inter-study heterogeneities 

were low (I2 0-4%). 

 

4.2.3 Parity status, Number of children/deliveries 

Compared to nulliparous, parous women did not show a 

significant association, the HR with 95% CI was 0.97 (0.73-1.30). 

The inter-study heterogeneities were moderate (I2 55%). 

Considering the low number of cases of nulliparous women 

(cases=93), the association between number of children/deliveries 

and thyroid cancer risk was sought among parous women 

(cases=1,426).  When compared to the lowest category of number 

deliveries (1-2 children), the HRs (95% CIs) for 4-5 and ≥5 

children were 1.05 (0.92-1.20) and 1.15 (0.87-1.51) respectively 

(p-trend 0.72).  
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To clearly see the number of children/deliveries that were 

associated with thyroid cancer risk, the reference was set to 1 child 

and the corresponding HRs (95% CIs) for 2, 3, 4 and ≥5 children, 

were 0.92 (0.76-1.11), 0.96 (0.77-1.21), 1.15 (0.87-1.52) and 

1.07 (0.75-1.51) respectively, with a p for trend 0.84. Having 4 

children showed the highest risk of thyroid cancer risk, though 

statistically nonsignificant. The heterogeneity was low (I2 0-39%). 

 

4.2.4 Breastfeeding status 

Compared to never breastfeeding, the HR and 95% CI for ever 

breastfeeding was 1.15 (0.97-1.36), with low heterogeneity (I2 0). 

 

4.2.5 Postmenopausal status, Age at menopause 

The HR (95% CI) for postmenopausal women [vs being 

premenopausal (reference)] was 1.19 (0.99-1.42)]. 

On setting the youngest category of age at menopause (<45 

years) as reference, the corresponding HRs (95% CIs) for 45-49 

years, 50-54 years and ≥55 years were 1.00 (0.79-1.26), 1.04 

(0.82-1.31) and 1.30 (0.87-1.93) with p-trend 0.28. The 

heterogeneities were low for both menopausal status and age at 

menopause.  

 

4.2.6 Age at menarche 

Compared to later age at menarche (≥17 years), the HRs (95% 

CIs) for <13 years, 13-14 years and 15-16 years were 1.04 

(0.80-1.34), 0.99 (0.84-1.17) and 1.00 (0.85-1.18) respectively, 

p-trend 0.81. The I2 (0-27%) represented low heterogeneity.  

 

4.2.7 OC use, HRT use 

Ever (vs never) OC use and yes (vs no) HRT use had HRs (95% 

CIs) 0.95 (0.79-1.14) and 1.05 (0.84-1.32) respectively. The I2 

(57%) showed moderate heterogeneity for OC use and there was 

low heterogeneity for HRT use. 
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Table 16: Pooled relative risks for reproductive factors & incident thyroid cancer risk, Overall 

(continued on next page) 

Reproductive characteristic 
Number of 
women 

Person-years 
Number of 
TC cases 

HRa (95% CI)  
Heterogeneity 

p-trend HRb (95% CI)  
Heterogeneity 

p-trend 
I2 (%) p I2 (%) p 

Age at menarche         

 <13 years 17,702 322,273 108 1.05 (0.81-1.35) 0 0.87 

0.80 

1.04 (0.80-1.34) 0 0.88 

0.81 
 13-14 years 122,592 2,112,142 656 1.00 (0.84-1.18) 0 0.66 0.99 (0.84-1.17) 0 0.63 

 15-16 years 99,309 1,711,937 510 1.00 (0.85-1.18) 25 0.23 1.00 (0.85-1.18) 27 0.21 

 ≥17 years 50,104 827,222 245 reference   reference   

Parity status         

 Nulliparous 19,897 335,142 93 reference    reference    

 Parous 269,810 4,638,432 1,426 1.00 (0.75-1.33) 55 0.02*  0.97 (0.73-1.30) 55 0.03*  

Number of children/deliveries          

1-2 children 138,752 2,304,354 822 reference   
0.65 

reference    
3-4 children 86,398 1,437,278 398 1.08 (0.94-1.23) 56 0.02* 1.05 (0.92-1.20) 52 0.03* 0.72 

≥5 children 22,510 335,943 80 1.19 (0.90-1.56) 46 0.06 1.15 (0.87-1.51) 44 0.07  
         

1 child 55,756 951,569 320 reference    reference    

2 children 82,996 1,352,785 502 0.94 (0.77-1.13) 0 0.97  0.92 (0.76-1.11) 0 0.98  

3 children 60,307 1,014,650 283 1.01 (0.81-1.26) 21 0.27 0.93 0.96 (0.77-1.21) 16 0.31 0.84 

4 children 26,091 422,627 115 1.22 (0.92-1.61) 41 0.10  1.15 (0.87-1.52) 39 0.12  
≥ 5 children 22,510 335,943 80 1.13 (0.80-1.60) 38 0.12  1.07 (0.75-1.51) 37 0.13  

Age at first delivery/pregnancy         

≤ 20 years 26,639 459,570 100 1.07 (0.84-1.37) 26 0.21  1.09 (0.85-1.39) 24 0.23  
21-25 years 133,978 2,322,477 631 reference   0.005* reference   0.003* 
≥ 26 years 102,295 1,745,501 662 1.14 (1.02-1.27) 9 0.36  1.16 (1.03-1.31) 9 0.36  

Breastfeeding status         

Never 15,666 263,613 110 reference    reference    
Ever 97,139 1,607,394 727 1.17 (0.96-1.44) 0 0.88  1.15 (0.97-1.36) 0 0.88  

Postmenopausal status         

No 102,470 1,975,458 639 reference    reference    
Yes  179,555 2,879,776 796 1.20 (1.00-1.44) 20 0.26  1.19 (0.99-1.42) 21 0.26  
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Table 16: Pooled relative risks for reproductive factors & incident thyroid cancer risk, Overall 

(continued from previous page) 

Reproductive characteristic 
Number of 
women 

Person-years 
Number of 
TC cases 

HRa (95% CI)  
Heterogeneity 

p-trend HRb (95% CI)  
Heterogeneity 

p-trend 
I2 (%) p I2 (%) p 

Age at menopause         

<45 years 25,467 417,630 128 reference    reference    
45-49 years 57,351 945,648 246 1.00 (0.79-1.26) 0 0.91  1.00 (0.79-1.26) 0 0.91  
50-54 years 67,966 1,098,554 296 1.05 (0.83-1.32) 0 0.92 0.28 1.04 (0.82-1.31) 0 0.92 0.28 
≥55 years 7,837 116,223 43 1.33 (0.89-1.98) 0 0.95  1.30 (0.87-1.93) 0 0.95  

Oral contraceptive use         

Never 60,358 902,138 570 reference    reference    
Ever 8,354 109,753 111 0.97 (0.79-1.20) 48 0.12  0.95 (0.79-1.14) 57 0.07  

Hormone replacement therapy use         

No 163,306 2,690,336 792 reference    reference    
Yes 11,652 171,179 111 1.06 (0.85-1.32) 0 0.89  1.05 (0.84-1.32) 0 0.89  

Hysterectomy status         

No 17,496 200,527 317 -    -    
Yes 0 - 0 -    -    

HRa – Unadjusted Cox proportional hazard model with age as time-scale,  

HRb – Adjusted Cox proportional hazard model for smoking status, alcohol drinking status and BMI 

Heterogeneity - Cochran’s Q test p-value (<0.1) provides evidence of heterogeneity. I2 statistic of 0-40% indicates 

low heterogeneity, 30-60% moderate, 50-90% substantial and 75-100% considerable heterogeneity. 

p-trend – p value for trend 

LSS cohort was not included  
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4.3. Reproductive factors & Papillary thyroid cancer  

 
4.3.1 Thyroid cancer cases in the cohorts by histology 

Among the 1,519 thyroid cancer cases, a total of 1,294 cases 

had histological data available, of whom 88% (n=1,140) were the 

papillary histological type, while the medullary, follicular and 

anaplastic types were 1% (n=7), 3% (n=37) and 1% (n=11) 

respectively (Table 17).  

Table 18 details the distribution of thyroid cancer cases among 

participating cohorts according to the histological subtype. No 

histological information was available for the LSS cohort. Papillary 

thyroid cancer cases were present in all cohorts except 3pref 

Miyagi. Most of the papillary thyroid cancer cases came from the 

KNCC (n=410) and SWHS (n=256) cohorts.  

 

4.3.2 Pooled analyses, papillary thyroid cancer 

Similar associations were seen for papillary thyroid cancer as 

the overall thyroid cancer pooled analyses (Table 19).   
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Table 17: Distribution of total thyroid cancer cases by histological subtype 

 

 
Total TC 
cases 

Total TC cases with 
histological data 
available 

Papillary  Medullary Follicular Anaplastic Specified Unspecified  

N   N  N (%) * N (%) * N (%) * N (%)  N (%) * N (%) * 

Total 1,519 1,294 1,140 (88) 7 (1) 37(3) 11 (1) 9 (1) 90 (7) 

* % calculated from total cases with histological data available(n=1294) 

 

Table 18: Cohort-specific distribution of thyroid cancer cases by histological subtype 

 

Cohort 
Total  

TC cases with 
histological data 
available 

Papillary  Medullary Follicular Anaplastic Specified Unspecified  

N   N  N (%) * N (%) * N (%) * N (%)  N (%) * N (%) * 

Total 1,519 1,294 1,140 7 (1) 37(3) 11 (1) 9 (1) 90 (7) 

China         
SWHS 306  296 256 (22) 4 (57) 14 (38) 0 0 22 (24) 

Japan         
JPHC1 108  106 99 (9) 0 1 (3) 1 (9) 0 5 (6) 
JPHC2 77  70 56 (5) 0 8 (22) 1 (9) 0 5 (6) 
JACC 89  82 62 (5) 0 3 (8) 1 (9) 0 16 (18) 

Miyagi 167  160 144 (13) 1 (14) 3 (8) 6 (55) 0 6 (7) 
Ohsaki 57  56 49 (4) 0 3 (8) 2 (18) 0 2 (2) 

LSS 166  0 0 0 0 0 0 0 
3pref. Miyagi 27  27 0 0 0 0 0 27 (30) 

Korea         
KMCC 101  76 64 (6) 2 (29) 3 (8) 0 2 (22) 5 (6) 
KNCC 421  421 410 (36) 0 2 (5) 0 7 (78) 2 (2) 

* % calculated from total cases to indicate % of cases that each cohort contributed to a certain histological type 
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Table 19: Pooled relative risks for reproductive factors & incident thyroid cancer risk, Papillary type  

(continued on next page) 

Reproductive characteristic 
Number of 
women 

Person-years 
Number of 
papillary TC cases 

HRa (95% CI)  p-trend HRb (95% CI)  p-trend 

Age at menarche     

 <13 years 16,340 763 89 1.03 (0.79-1.34) 

0.98 

1.03 (0.79-1.33) 

0.94 
 13-14 years 105,642 3,489 473 0.96 (0.79-1.14) 0.95 (0.79-1.13) 
 15-16 years 90,989 2,513 391 0.97 (0.81-1.16) 0.96 (0.81-1.15) 
 ≥17 years 46,435 1,082 187 reference reference 

Parity status     

 Nulliparous 11,085 177,215 40 reference  reference  
 Parous 248,351 4,091,901 1,100 1.12 (0.89-1.69)  1.18 (0.85-1.62)  

Number of children/deliveries     

1-2 children 138,641 2,303,256 711 reference 
0.53 

reference  
3-4 children 86,331 1,436,325 331 1.07 (0.93-1.24) 1.05 (0.91-1.22) 0.61 
≥5 children 22,488 335,650 58 1.03 (0.76-1.39) 1.03 (0.76-1.39)  
     

1 child 55,709 951,103 273 reference  reference  
2 children 82,932 1,352,153 438 0.94 (0.71-1.01)  0.92 (0.69-0.99)  
3 children 60,259 1,014,027 235 0.99 (0.73-1.11) 0.77 0.97 (0.71-1.08) 0.88 
4 children 26,072 422,298 96 1.07 (0.82-1.40)  1.03 (0.79-1.35)  
≥ 5 children 22,488 335,650 58 0.91 (0.65-1.27)  0.89 (0.64-1.25)  

Age at first delivery/pregnancy      

≤ 20 years 21,863 348,238 61 1.08 (0.83-1.39)  1.07 (0.83-1.38)  
21-25 years 122,119 2,012,167 469 reference 0.07 reference 0.05 
≥ 26 years 97,479 1,620,684 545 1.11 (0.96-1.26)  1.11 (0.98-1.25)  
Breastfeeding status     

Never 15,657 263,527 101 reference  reference  
Ever 97,050 1,605,981 638 1.19 (0.96-1.47)  1.18 (0.95-1.45)  

Postmenopausal status     

No 90,498 1,611,951 507 reference  reference  
Yes  163,360 2,585,834 580 1.18 (0.98-1.42)  1.17 (0.97-1.41)  
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Table 19: Pooled relative risks for reproductive factors & incident thyroid cancer risk, Papillary type  

(continued on next page) 

Reproductive characteristic 
Number of 
women 

Person-years 
Number of 
papillary TC cases 

HRa (95% CI)  p-trend HRb (95% CI)  p-trend 

Age at menopause     

<45 years 23,000 368,672 94 reference  reference  
45-49 years 52,237 847,499 182 1.10 (0.85-1.42)  1.10 (0.85-1.41)  
50-54 years 62,499 999,499 224 1.16 (0.90-1.51) 0.19 1.14 (0.88-1.48) 0.2 
≥55 years 7,267 107,235 30 1.29 (0.83-1.98)  1.26 (0.81-1.93)  

Oral contraceptive use     

Never 60,296 901,198 508 reference  reference  
Ever 8,340 109,383 97 0.97 (0.77-1.21)  0.97 (0.77-1.22)  

Hormone replacement therapy use     

No 163,168 2,688,486 654 reference  reference  
Yes 11,642 171,044 101 1.12 (0.89-1.41)  1.11 (0.89-1.40)  

Hysterectomy status     

No 17,462 199,846 283 -  -  
Yes 0 - 0 -  -  

HRa – Unadjusted Cox proportional hazard model with age as time-scale,  

HRb – Adjusted Cox proportional hazard model for smoking status, alcohol drinking status and BMI 

p-trend – p value for trend 
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4.4. Stratified Analyses by Body Mass Index 
 

Age at first delivery/pregnancy 

Table 20 (and Figure 7) show a significant interaction effect for 

the association between age at first delivery/pregnancy and thyroid 

cancer modified by BMI (p-interaction 0.02). 

For low BMI (<23 kg/m2), the risk of developing thyroid cancer 

was relatively higher for women with older age at first 

delivery/pregnancy, while for high BMI (≥23 kg/m2) the risk of 

thyroid cancer was relatively higher for women who had their first 

delivery/pregnancy at a younger age. 

For women with BMI <23 kg/m2, the HRs (95% CIs) for ≤20 

years and ≥ 26 years [vs 21-25 years (reference)] were 1.14 

(0.66-1.96) and 1.17 (0.97-1.41) respectively. The trend for this 

association was also significant (p-trend 0.007). While for women 

with BMI ≥23 kg/m2, the corresponding HRs (95% CIs) were 1.23 

(0.92-1.64) and 1.14 (0.96-1.34). 

 

 

Figure 7: Pooled relative risks for age at first delivery/pregnancy 

and thyroid cancer, stratified by BMI 

* Pooled HRs (95% CIs) generated by combining cohort-specific HRs (95% 

CIs) for each category of age at first delivery/pregnancy (see 

supplementary figure 13) 
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Table 20: Characteristics of participating cohorts by age at first 

delivery/pregnancy, stratified by BMI 

 

 BMI <23 kg/m2 BMI ≥23 kg/m2 

Reproductive variable 
Number 
of women 

Person-
years 

TC 
Cases 

Number 
of women 

Person-
years 

TC 
Cases 

Age at first 
delivery/pregnancy  

      

≤ 20 years 10,265 182,036 28 15,862 270,101 71 
21-25 years 61,327 1,083,273 266 70,495 1,206,570 356 
≥ 26 years 51,755 885,443 327 49,645 847,155 327 

TC - thyroid cancer 

 

OC use 

Effect modification by BMI was also seen for the association 

between OC use and thyroid cancer risk (p-interaction 0.02). An 

inverse association was seen among females with BMI<23 kg/m2 

(HR 0.8, 95% CI: 0.57-1.13), while those with BMI >23 kg/m2 had a 

positive association (HR 1.14, 95% CI: 0.87-1.50) (Table 27). But 

it must be noted that very few cohorts contributed to this variable. 

 

Other reproductive factors 

No effect modification by BMI was observed for the 

associations between thyroid cancer and age at menarche (p-

interaction 0.14) (Table 21), parity status (p-interaction 0.81) 

(Table 22), or number of children/deliveries (p-interaction 0.12) 

(Table 23), or breastfeeding status (p-interaction 0.54) (Table 24), 

or postmenopausal status (p-interaction 0.80) (Table 25), or age 

at menopause (p-interaction 0.50) (Table 26) or HRT use (p-

interaction 0.16) (Table 28).  
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Table 21: Pooled relative risks for age at menarche and thyroid cancer, stratified by BMI  

 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menarche         0.13 

 < 13 years  8,165 149,895 49 0.88(0.61-1.28) 9449 170,860 59 1.15(0.83-1.61)  

13-14 years  59,693 1,041,465 303 0.85(0.66-1.09) 61097 1,044,983 341 1.09(0.88-1.37)  

15-16 years 47,302 826,578 220 0.83(0.65-1.06) 50887 868,158 284 1.13(0.91-1.41)  

≥ 17 years 23,144 385,309 115 reference 25949 426,328 129 reference  

p-trend    0.48    0.53  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 

 

 

Table 22 Pooled relative risks for parity status and thyroid cancer, stratified by BMI 

 

 BMI <23 kg/m2 BMI ≥23 kg/m2  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Parity status         0.80 

 Nulliparous 11,895 204,341 53 reference 7,818 128,292 39 reference  

 Parous 126,409 2,198,907 634 1.32(0.88-2.00) 1,395,694 2,382,038 774 1.01(0.67-1.53)  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 
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Table 23: Pooled relative risks for number of children/deliveries and thyroid cancer, stratified by BMI  

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Number of 
children/deliveries 

        0.23 

1-2 children 67,301 1,109,764 390 reference 70,207 1,175,957 422 reference  
3-4 children 35,969 596,145 144 1.06(0.86-1.32) 48,819 815,645 246 1.02(0.86-1.22)  
≥ 5 children 8,544 121,905 20 0.84(0.51-1.38) 13,021 201,315 60 1.17(0.86-1.60)  

p-trend    0.98    0.42  
          

1 child 27,887 473,613 160 reference 27,555 474,031 157 reference  
2 children 39,414 636,151 230 0.81(0.64-1.04) 42,652 701,926 265 0.87(0.69-1.1)  
3 children 25,857 434,269 103 0.85(0.63-1.15) 33,493 564,765 178 0.93(0.71-1.2)  
4 children 10,112 161,876 41 1.11(0.74-1.65) 15,326 250,879 68 0.89(0.65-1.25)  
≥ 5 children 8,544 121,905 20 0.73(0.42-1.25) 13,021 201,315 60 1.04(0.72-1.50)  

p-trend    0.74    0.80  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 

 

 

Table 24: Pooled relative risks for breastfeeding status and thyroid cancer, stratified by BMI 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Breastfeeding status         0.51 
Never 7679 127,308 58 reference 7,701 131,663 49 reference  

Ever 42,400 696,232 292 1.07(0.80-1.42) 52,175 870,494 421 1.36(1.01-1.84)  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 
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Table 25: Pooled relative risks for postmenopausal status and thyroid cancer, stratified by BMI 

 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Postmenopausal status         0.80 

No 54,868 1,076,537 339 reference 47,141 890,723 297 reference  

Yes  79,426 1,265,059 310 1.15(0.88-1.50) 96,789 1,566,672 472 1.19(0.95-1.50)  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 

 

 

Table 26: Pooled relative risks for age at menopause and thyroid cancer, stratified by BMI 

 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menopause         0.51 

<45 years 11,557 188,976 61 reference 13,556 223,385 67 reference  

45-49 years 25,931 426,386 103 0.90(0.63-1.29) 30,779 509,511 142 1.08(0.80-1.47)  

50-54 years 29,579 473,975 103 0.85(0.59-1.22) 37,588 612,186 189 1.18(0.87-1.59)  

≥55 years 3,092 44,972 15 1.12(0.58-2.17) 4,603 69,285 27 1.25(0.77-2.02)  

p-trend     0.70    0.18   

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 
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Table 27: Pooled relative risks for oral contraceptive use and thyroid cancer, stratified by BMI 

 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Oral contraceptive use         0.02* 

Never 26,675 388,820 249 reference 31,712 481,714 307 reference  

Ever 3,453 44,548 39 0.80(0.57-1.13) 4,497 58,616 71 1.14(0.87-1.50)  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 

 

 

 

 

Table 28: Pooled relative risks for hormone replacement therapy use and thyroid cancer, stratified by BMI 

 

 BMI <23 kg/m2  BMI ≥23 kg/m2   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Hormone replacement 
therapy use         0.16 

No 72,570 1,194,625 326 reference 88,683 1,463,000 454 reference  

Yes 5,283 77,251 41 0.94(0.67-1.34) 6,208 91,745 70 1.23(0.94-1.62)  

HRb – Adjusted Cox proportional hazard model for smoking status and alcohol drinking status, TC - thyroid cancer 
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4.5. Stratified Analyses by Smoking  
 

Given that only 7% of females were ever smokers at baseline, 

when stratified analyses for each reproductive factor were 

conducted by smoking status, few cohorts contributed to the 

stratum of ever smokers with limited number of participants 

(Tables 29-37).  

No statistically significant differences in the association 

between any of the reproductive factors and thyroid cancer risk by 

smoking status was observed. 
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Table 29: Pooled relative risks for age at menarche and thyroid cancer, stratified by smoking status  

 

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menarche         0.73 

 < 13 years  15,632 285,840 101 1.17(0.84-1.61) 1,308 23,658 4 0.40(0.07-2.30)  

13-14 years  103,366 1,803,789 562 0.89(0.70-1.12) 8,902 147,775 44 0.95(0.40-2.27)  

15-16 years 85,227 1,481,910 444 0.94(0.75-1.19) 6,286 105,634 21 0.73(0.31-1.73)  

≥ 17 years 42,207 701,608 208 reference 3,734 59,048 15 reference  

p-trend    0.74    0.79  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 

 

 

Table 30: Pooled relative risks for parity status and thyroid cancer, stratified by smoking status  

 

 Never Smokers Ever Smokers  

Reproductive variable 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Parity status         0.60 

 Nulliparous 15,939 273,953 75 reference 2,794 43,661 12 reference  

 Parous 230,493 3,999,194 1,240 0.95(0.70-1.29) 17,436 292,453 72 1.26(0.35-4.61)  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 
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Table 31: Pooled relative risks for number of children/deliveries and thyroid cancer, stratified by smoking status  

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Number of 
children/deliveries 

        0.09 

1-2 children 122,339 2,050,500 739 reference 7,599 116,627 41 reference  
3-4 children 71,883 1,207,118 330 1.01(0.87-1.17) 5,016 79,676 13 1.53(0.76-3.08)  
≥ 5 children 18,407 281,835 69 1.17(0.87-1.57) 1,859 25,566 3 2.78(0.58-13.27)  

p-trend    0.98    0.79  
          

1 child 51,673 892,382 298 reference 2,540 37,502 15 reference  
2 children 70,666 1,158,118 441 0.91(0.74-1.12) 5,059 79,125 26 0.97(0.46-2.02)  
3 children 50,342 853,741 242 0.94(0.74-1.20) 3,346 53,748 8 1.30(0.46-3.61)  
4 children 21,541 353,377 88 1.02(0.74-1.39) 1,670 25,928 5 11.86(2.51-56.1)  
≥ 5 children 18,407 281,835 69 1.07(0.73-1.55) 1,859 25,566 3 1.53(0.14-16.32)  

p-trend    0.43    0.96  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 

 

Table 32: Pooled relative risks for age at first delivery/pregnancy and thyroid cancer, stratified by smoking status  

 Never Smokers  Ever Smokers  p-interaction 

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI)  

Age at first delivery/pregnancy          0.58 

≤ 20 years 21,323 372,176 80 0.92(0.70-1.19) 3,269 55,234 10 0.70(0.24-2.08)  

21-25 years 111,718 1,958,664 533 reference 8,526 145,047 30 reference  

≥ 26 years 91,959 1,578,700 600 1.19(1.05-1.36) 5,059 83,726 29 1.14(0.63-2.05)  

p-trend     0.006*    0.43   

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 
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Table 33: Pooled relative risks for breastfeeding status and thyroid cancer, stratified by smoking status  

 

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Breastfeeding status         0.81 
Never 12,514 210,815 88 reference 1,658 26,649 9 reference  

Ever 81,161 1,345,876 616 1.24(0.99-1.55) 6,832 108,481 37 1.18(0.55-2.40)  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 

 

 

Table 34: Pooled relative risks for postmenopausal status and thyroid cancer, stratified by smoking status  

 

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Postmenopausal status         0.55 

No 91,116 1,759,599 561 reference 6,887 134,472 39 reference  

Yes  148,750 2,414,447 674 1.25(1.03-1.52) 12,763 192,780 43 0.94(0.40-2.18)  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 
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Table 35: Pooled relative risks for age at menopause and thyroid cancer, stratified by smoking status  

  

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menopause         0.89 

<45 years 21,175 350,176 111 reference 2,400 37,636 7 reference  

45-49 years 48,916 813,636 208 0.98(0.76-1.26) 4,099 63,857 19 0.90(0.18-4.45)  

50-54 years 58,144 947,785 256 1.02(0.80-1.31) 4,021 61,231 10 -  

≥55 years 6,640 99,553 36 1.31(0.85-1.31) 524 7,164 3 -  

p-trend     0.39    0.83   

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 

Table 36: Pooled relative risks for oral contraceptive use and thyroid cancer, stratified by smoking status  

 

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Oral contraceptive use         0.35 

Never 46,362 670,514 472 reference 4,754 68,089 34 reference  

Ever 7,025 91,570 95 1.04(0.82-1.31) 801 9,982 6 0.62(0.25-1.51)  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 
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Table 37: Pooled relative risks for hormone replacement therapy use and thyroid cancer, stratified by smoking status  

 

 Never Smokers  Ever Smokers   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Hormone replacement 
therapy use 

        0.34 

No 143,169 2,369,361 705 reference 8,553 129,223 29 reference  

Yes 9,883 145,603 89 1.04(0.81-1.32) 761 10,625 5 1.57(0.54-4.51)  

HRb – Adjusted Cox proportional hazard model for alcohol drinking status and BMI, TC - thyroid cancer 
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4.6. Stratified Analyses by Country 
 

Number of children/deliveries 

A significant interaction was observed for the relationship 

between number of children/deliveries and thyroid cancer risk, 

stratified by countries (p-interaction 0.002). 

The association between the number of children/deliveries and 

thyroid cancer risk varies across the different countries. For China 

and Japan, non-significant reduced risks were observed with 

increasing number of children/deliveries for the risk of thyroid 

cancer. In contrast, a significant positive association was seen 

between number of children/deliveries and thyroid cancer for Korea.  

Figure 8a shows, when compared to the lowest category of 

number children/deliveries (1-2 children), the HRs (95% CIs) for 

3-4 and ≥5 children were 0.84 (0.51-1.39) and 0.66 (0.23-1.88) 

respectively (p-trend 0.32) for China, 0.87 (0.72-1.04) and 0.88 

(0.62-1.26) respectively (p-trend 0.22) for Japan, and 1.46 

(1.18-1.80) and 1.89 (1.21-2.94) respectively (p-trend 0.0008) 

for Korea.  

 

 

Figure 8a: Pooled relative risks for number of children/deliveries 

and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% 

CIs) of following cohorts from each country - China: SWHS, Japan: JPH1, 

JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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To clearly see the number of children/deliveries that were 

associated with thyroid cancer risk, the reference was set to 1 child 

and the corresponding HRs (95% CIs) for 2, 3, 4 and ≥5 children, 

were generated. Figure 8b shows the forest plot.  

 

 

Figure 8b: Pooled relative risks for number of children/deliveries 

and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% 

CIs) of following cohorts from each country - China: SWHS, Japan: JPH1, 

JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 38: Characteristics of participating cohorts by number of children/deliveries, stratified by country 

 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Number of children/deliveries          

1-2 children 56,689 1,003,382 269 67,304 1,157,952 251 14,759 142,747 302 
3-4 children 12,515 204,049 25 65,995 1,138,078 214 7,888 94,694 159 
          

1 child 40,792 727,201 219 12,152 197,489 42 2,812 26,879 59 

2 children 15,897 276,181 50 55,152 960,463 209 11,947 116,140 243 
3 children 7,870 130,079 17 47,318 826,002 154 5,119 58,568 112 

4 children 4,645 73,969 8 18,677 312,075 60 2,769 36,582 47 
          

≥ 5 children 3,220 49,193 4 15,079 228,454 39 4,211 58,109 37 

TC - thyroid cancer 

 

 

 

 

 

 

 

 



７９ 

 

Age at first delivery/pregnancy 

A significant interaction was observed for the relationship 

between age at first delivery/pregnancy and thyroid cancer risk, 

stratified by countries (p-interaction = 0.002).  

For China and Japan, there appeared to be no significant 

difference with younger (≤20 years) or older (≥26 years) age at 

delivery. While an increasing risk of thyroid cancer was observed 

with older age at first delivery/pregnancy for Korean cohorts. 

Though all values and p-trends were statistically non-significant 

Figure 9 shows, that with ≤20 years as reference, the HRs (95% 

CIs) for older (≥26 years) age at first delivery/pregnancy for China 

and Japan were 1.04 (0.61-1.76) and 1.01 (0.71-1.43) 

respectively, and 0.88 (0.52-1.48) and 0.81 (0.58-1.13) for 21-

25 years. Whereas for Korea, the corresponding HRs (95% CIs) for 

≥26 years and 21-25 years were 1.38 (0.82, 2.33) and 1.30 (0.78, 

2.16).  

 

Age at menarche, Breastfeeding status  

Significant p-values for interaction were also observed for 

stratified analyses by country for the associations between thyroid 

cancer and age at menarche (p-interaction 0.004) (Figure 10) and 

breastfeeding status (p-interaction 0.03) (Figure 11).  

For age at menarche, <13 years (vs ≥ 17 years) was associated 

with relatively increased thyroid cancer risk (HRs 95% CI) for 

China (1.07; 0.66-1.69) and for Japan (1.30; 0.88-1.93) but 

reduced risk for Korea (0.82; 0.52-1.29). 

For breastfeeding status, the stratified analyses consisted of 

cohorts from only Japan and Korea. Ever breastfeeding (vs never) 

showed increased risk (HRs 95% CI) for Japan (1.33; 0.98, 1.79) 

and no association (1.09; 0.83, 1.43) for Korea. 

Other reproductive factors 

No significant effect modification by country was observed for 

the rest of the reproductive factors and the risk of thyroid cancer 

(Figures 12-16).  
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Table 39: Characteristics of participating cohorts by age at first delivery/pregnancy, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Age at first delivery 
/pregnancy 

         

≤ 20 years 8,530 138,089 20 15,577 287,789 64 2,532 33,647 16 
21-25 years 22,908 392,101 72 99,162 1,788,074 358 11,908 141,737 201 
≥ 26 years 40,981 726,351 206 49,705 906,740 192 11,609 112,118 264 

 

 

Figure 9: Pooled relative risks for age at first delivery/pregnancy and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JPH1, JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 40: Characteristics of participating cohorts by age at menarche, stratified by country  

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Age at menarche          
 < 13 years  4,683 82,965 26 11,698 226,614 56 1,321 12,693 26 
13-14 years  27,385 479,265 107 86,363 1,542,910 338 8,844 89,757 211 
15-16 years 29,548 511,684 119 59,956 1,090,345 211 9,805 109,522 180 
≥ 17 years 13,314 225,343 54 28,432 495,714 86 8,358 105,769 105 

 

 

Figure 10: Pooled relative risks for age at menarche and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JPH1, JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 41: Characteristics of participating cohorts by breastfeeding status, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Breastfeeding status          
Never 0 0 0 12,794 236,628 49 2,872 26,935 61 
Ever 0 0 0 75,190 1,367,566 347 21,949 239,048 380 

 

 

 

 

Figure 11: Pooled relative risks for breastfeeding status and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country – China: 

none, Japan: JPH1, JPH2, Miyagi, Ohsaki, Korea: KNCC, KMCC.  
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Table 42: Characteristics of participating cohorts by postmenopausal status, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Postmenopausal status          
No 37,102 665,196 192 59,092 1,243,692 264 6,276 66,559 183 
Yes  37,824 634,004 114 124,349 2,050,105 418 17,382 195,071 264 

 

 

 

 

 

Figure 12: Pooled relative risks for postmenopausal status and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JPH1, JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 43: Characteristics of participating cohorts by parity status, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Parity status          
 Nulliparous 2,506 42,633 8 16,288 277,035 63 1,103 15,431 22 
 Parous 72,424 1,256,625 298 170,161 3,078,548 628 27,225 302,311 500 

 

 

 

Figure 13: Pooled relative risks for parity status and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JPH1, JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 44: Characteristics of participating cohorts by age at menopause, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Age at menopause          
<45 years 6,266 105,452 24 16,345 279,363 66 2,856 32,734 38 
45-49 years 16,414 274,827 48 36,324 619,683 123 4,613 51,055 75 
50-54 years 13,232 221,696 37 48,399 810,211 161 6,335 66,468 98 
≥55 years 1,440 23,765 4 5,099 79,099 17 1,298 13,328 22 

 

 

Figure 14: Pooled relative risks for age at menopause and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JPH1, JPH2, JACC, Miyagi, Ohsaki, 3pref Miyagi, Korea: KNCC, KMCC.  
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Table 45: Characteristics of participating cohorts by oral contraceptive use, stratified by country 

 China Japan Korea 

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases 
Number 
of women 

Person-
years 

TC Cases 
Number 
of women 

Person-
years 

TC Cases 

Oral contraceptive use          
Never 0 0 0 40,777 689,193 202 19,581 212,333 368 
Ever 0 0 0 1,681 26,342 11 6,673 83,066 100 

 

 

 

 

 

Figure 15: Pooled relative risks for oral contraceptive use and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - Japan:  

JACC, Miyagi, Ohsaki, Korea: KNCC, KMCC.  
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Table 46: Characteristics of participating cohorts by hormone replacement therapy use, stratified by country 

 China Japan Korea 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-
years 

TC Cases 

Hormone replacement therapy          
No 72,279 1,252,199 294 74,830 1,239,083 269 16,197 198,153 229 
Yes 2,651 47,059 12 5,073 81,476 20 3,928 4,255 79 

 

 

 

 

Figure 16: Pooled relative risks for hormone replacement therapy use and thyroid cancer, stratified by country 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% CIs) of following cohorts from each country - China: 

SWHS, Japan: JACC, Miyagi, Ohsaki, Korea: KNCC, KMCC.  
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4.7. Stratified Analyses by Birth Years 
 

Number of children/deliveries 

Birth years modified the association between number of 

children/deliveries and thyroid cancer risk (p-interaction <0.05).  

For stratified by those born before and after the 1940s (Figure 

17a), there was no significant trend across categories for women 

born before the 1940s. While among women born after the 1940s, 

increasing number of children was significantly associated with an 

increased risk of thyroid cancer (p-trend = 0.03). Compared to 1-

2 children, the HR (95% CI) for ≥5 children was 1.57 (1.06-2.33).  

 

 

Figure 17a: Pooled relative risks for number of children/deliveries 

and thyroid cancer, stratified by birth years 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% 

CIs)  

 

On further grouping women as those born in 1920s or earlier, 

1930s, 1940s and later than 1950s (Figure 17b), a significant trend 

of increasing risk of thyroid cancer with increasing number of 
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children was observed for women born in 1950s or later (p-trend 

0.001). The HRs (95% CIs) were 0.92 (0.70-1.21), 1.27 (0.90-

1.78), 2.12 (1.29-3.47) and 2.29 (1.03-5.1) for 2, 3, 4, and ≥5 

children respectively, compared to 1 child (reference). 

 

Figure 17b: Pooled relative risks for number of children/deliveries 

and thyroid cancer, stratified by birth years 

* Pooled HRs (95% CIs) generated by combining cohort-specific HR (95% 

CIs)  

 

Other reproductive factors 

No significant effect modification by birth years was observed 

for the rest of the reproductive factors and the risk of thyroid 

cancer (Tables 48-55).  
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Table 47: Characteristics of participating cohorts by number of children/deliveries, stratified by birth years 

 <1940s ≥1940s 

Reproductive variable 
Number of 
women 

Person-
years 

TC Cases 
Number of 
women 

Person-years TC Cases 

Number of children/deliveries       
1-2 children 48,749 797,082 150 89,547 1,498,635 667 
3-4 children 58,003 948,672 170 27,495 472,599 214 
       

1 child 10,019 154,640 26 45,622 794,802 294 

2 children 38,730 642,441 124 43,925 703,832 373 

3 children 38,122 632,292 112 21,728 374,072 162 

4 children 19,881 316,380 58 5,767 98,527 52 
       

≥ 5 children 18,906 275,124 46 2,655 44,975 31 

 

 <1920s  1930s  1940s  ≥1950s  

Reproductive variable 
Number of 
women 

TC Cases 
Number of 
women 

TC Cases 
Number of 
women 

TC Cases 
Number of 
women 

TC Cases 

Number of children/deliveries         
1-2 children 14,096 31 34,653 119 42,300 208 47,247 459 
3-4 children 23,665 43 34,338 127 21,801 112 5,694 102 
         

1 child 3,850 5 6,169 21 12,659 70 32,963 224 
2 children 10,246 26 28,484 98 29,641 138 14,284 235 
3 children 14,040 25 24,082 87 17,018 83 4,710 79 
4 children 9,625 18 10,256 40 4,783 29 984 23 
         

≥ 5 children 11,392 21 7,514 25 2,325 24 330 7 
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Table 48: Pooled relative risks for age at menarche and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menarche         0.77 

 < 13 years  5,482 98,492 19 1.00(0.56-1.81) 12,185 2,233,134 89 1.08(0.81-1.45)  

13-14 years  60,055 1,030,071 219 0.99(0.75-1.31) 62,178 1,075,451 431 1.02(0.83-1.26)  

15-16 years 57,546 1,002,087 183 1.04(0.79-1.36) 40,910 694,571 320 0.99(0.80-1.22)  

≥ 17 years 34,591 579,788 104 reference 14,205 22,654 130 reference  

p-trend    0.93    0.51  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

Table 49: Pooled relative risks for parity status and thyroid cancer, stratified by birth years 

 

 <1940s ≥1940s  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) p-interaction 

Parity status         0.58 

 Nulliparous 13,136 216,335 51 reference 6,757 118,689 42 reference  

 Parous 144,538 2,494,103 474 0.98(0.57-1.67) 122,721 2,099,122 928 1.2(0.85-1.69)  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 50: Pooled relative risks for age at first delivery/pregnancy and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at first delivery/pregnancy          0.62 

≤ 20 years 20,380 349,951 64 1.10(0.78-1.56) 5,727 100,958 36 1.02(0.71-1.46)  

21-25 years 79,601 1,368,758 269 reference 53,027 929,966 351 reference  

≥ 26 years 39,874 699,662 131 1.09(0.86-1.38) 62,039 1,038,936 521 1.16(0.99-1.34)  

p-trend     0.79    0.07  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

Table 51: Pooled relative risks for breastfeeding status and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Breastfeeding status         0.64 
Never 5,430 95,520 18 reference 10,206 167,591 90 reference  

Ever 50,313 863,099 220 1.38(0.85-2.24) 44,553 704,414 487 1.15(0.92-1.45)  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 



９３ 

 

Table 52: Pooled relative risks for postmenopausal status and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Postmenopausal status         0.66 

No 15,099 375,094 73 reference 87,321 1,599,439 566 reference  

Yes  140,550 2,286,574 446 1.25(0.76-2.04) 37,099 560,654 333 1.08(0.88-1.33)  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

Table 53: Pooled relative risks for age at menopause and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Age at menopause         0.49 

<45 years 16,292 266,287 53 reference 8,799 145,110 73 reference  

45-49 years 43,060 718,447 132 1.00(0.68-1.45) 13,800 218,818 111 0.97(0.71-1.32)  

50-54 years 56,271 936,285 186 1.12(0.79-1.60) 11,145 152,718 106 0.91(0.65-1.27)  

≥55 years 6,697 104,127 22 1.04(0.59-1.85) 1,052 10,608 21 1.35(0.78-2.33)  

p-trend     0.39    0.92  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 54: Pooled relative risks for oral contraceptive use and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Oral contraceptive use         0.25 

Never 29,468 466,650 144 reference 29,667 141,990 414 reference  

Ever 1,642 24,248 15 1.76(0.98-3.13) 5,403 61,119 85 0.89(0.70-1.13)  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

Table 55: Pooled relative risks for hormone replacement therapy use and thyroid cancer, stratified by birth years 

 

 <1940s  ≥1940s   

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) p-interaction 

Hormone replacement 
therapy use         0.26 

No 77,956 1,237,080 238 reference 83,476 1,419,974 532 reference  

Yes 3,860 59,156 20 0.97(0.57-1.64) 7,111 99,980 89 1.08(0.84-1.38)  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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4.8. Stratified Analyses by Age of Diagnosis of Cases 
 

Parity status 

Women diagnosed with thyroid cancer at a younger age (<55 

years) and who were parous had a significantly increased risk of 

developing thyroid cancer compared to those who were nulliparous. 

The HR (95% CI) was 1.75 (1.11-2.76). While diagnosis at an 

older age (≥55 years) showed a reduced risk, with an HR (95% CI) 

of 0.74 (0.50-1.08) (Table 56).  

Age at first delivery 

Among women diagnosed at an older age (≥55 years), an 

increasing risk of thyroid cancer was seen with older age at first 

delivery (p-trend 0.003). The HRs (95% CI) for ≤20 years and ≥26 

years were 0.81 (0.61-1.07) and 1.19 (1.02-1.39) respectively, 

compared to age at first delivery 21-25 years. While when 

diagnosed a younger age (<55 years), the association between age 

at first delivery and thyroid cancer risk was weaker (Table 57).  

Postmenopausal status 

There was a clear contrast in the association between 

postmenopausal status and thyroid cancer risk based on age at 

diagnosis of thyroid cancer. Diagnosis <55 years showed being 

menopausal (vs not postmenopausal) is associated with a 

significantly reduced risk of thyroid cancer (HR 0.7, 95% CI 0.51-

0.96). However, for women diagnosed >55 years, being menopausal 

was significantly associated with a higher risk of thyroid cancer 

(HR 1.79, 95% CI 1.42-2.24) (Table 58). 

Age at menopause 

For those diagnosed ≥55 years, an increasing risk of thyroid 

cancer was seen with older age at menopause (p-trend 0.003). The 

HRs (95% CI) for 45-49 years, 50-54 years and ≥55 years were 

1.15 (0.87-1.51), 1.35 (1.04-1.77) and 1.56 (1.04-2.33) 

respectively, compared to <45 years. While for diagnosis <55 years, 

age at menopause 45-49 years was non significantly associated 

with highest risk (HR 1.39, 95% CI 0.81-2.37) (Table 59).  
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Table 56: Pooled relative risks for parity status and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years TC diagnosed ≥ 55 years 

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Parity status         

 Nulliparous 1,359 15,460 27 reference 18,538 319,681 66 reference 

 Parous 13,518 106,729 525 1.75 (1.11-2.76) 256,292 4,531,703 901 0.74 (0.50-1.08) 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

(see supplementary Figure 14) 

 

 

Table 57: Pooled relative risks for age at first delivery/pregnancy and thyroid cancer, by thyroid cancer age of 

diagnosis 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) 

Age at first delivery/pregnancy          
≤ 20 years 537 4,034 18 1.01(0.60-1.69) 26,102 455,536 82 0.81(0.61-1.07) 

21-25 years 5,694 43,460 187 reference 128,284 2,279,017 444 reference 

≥ 26 years 6,784 53,504 307 1.12(0.92-1.38) 95,511 1,691,996 355 1.19(1.02-1.39) 

p-trend     0.22    0.003  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 58: Pooled relative risks for postmenopausal status and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Postmenopausal status         
No 10,193 81,296 385 reference 92,277 1,894,162 254 reference 

Yes  1,795 7,973 101 0.7(0.51-0.96) 177,760 2,871,803 695 1.79(1.42-2.24) 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 

Table 59: Pooled relative risks for age at menopause and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) 

Age at menopause         

<45 years 805 4,991 40 reference 24,662 412,638 88 reference 

45-49 years 605 2,091 39 1.39(0.81-2.37) 56,746 943,556 207 1.15(0.87-1.51) 

50-54 years 248 480 14 0.66(0.31-1.42) 67,718 1,098,074 282 1.35(1.04-1.77) 
≥55 years 1 - 0 - 7,836 116,222 43 1.56(1.04-2.33) 

p-trend     0.23    0.003  

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 60: Pooled relative risks for number of children/deliveries and thyroid cancer, by thyroid cancer age of 

diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC 
Cases 

HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Number of 
children/deliveries         

1-2 children 9,866 77,379 398 reference 128,886 2,226,975 424 reference 
3-4 children 3,045 22,139 104 0.99(0.79-1.27) 83,353 1,415,138 294 0.99(0.84-1.17) 
≥ 5 children 135 878 7 0.69(0.32-1.51) 22,375 335,064 73 0.84(0.63-1.13) 

p-trend    0.68    0.47 
         

1 child 2,468 18,590 155 reference 53,288 932,979 165 reference 
2 children 7,398 58,789 243 0.95(0.74-1.22) 75,598 1,293,996 259 0.76(0.61-0.94) 
3 children 2,559 18,903 80 0.92(0.66-1.27) 57,748 995,747 203 0.81(0.63-1.02) 
4 children 486 3,236 24 1.15(0.71-1.86) 25,605 419,391 91 0.79(0.59-1.06) 
≥ 5 children 135 878 7 0.67(0.30-1.51) 22,375 335,064 73 0.68(0.49-0.95) 

p-trend    0.77    0.15 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 61: Pooled relative risks for age at menarche and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Age at menarche         

 < 13 years  1,564 12,861 52 0.99(0.66-1.49) 16,138 309,411 56 1.00(0.72-1.40) 

13-14 years  8,234 65,919 268 1.13(0.83-1.55) 114,358 2,046223 388 0.93(0.76-1.13) 

15-16 years 4,093 34,676 177 1.13(0.83-1.55) 95,216 1,677,260 333 0.97(0.79-1.17) 

≥ 17 years 986 8,734 55 reference 49,118 818,488 190 reference 

p-trend    0.93    0.65 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 

Table 62: Pooled relative risks for breastfeeding status and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Breastfeeding status         
Never 2,055 16,265 63 reference 13,611 247,348 47 reference 

Ever 7,153 57,908 286 1.06(0.80-1.39) 89,986 1,549,485 441 1.27(0.94-1.73) 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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Table 63: Pooled relative risks for oral contraceptive use and thyroid cancer, by thyroid cancer age of diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Oral contraceptive use         
Never 7,757 67,715 261 reference 52,601 834,422 309 reference 

Ever 1,609 16,903 51 0.87(0.64-1.19) 6,745 92,850 60 1.11(0.82-1.49) 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 

 

 

 

Table 64: Pooled relative risks for hormone replacement therapy use and thyroid cancer, by thyroid cancer age of 

diagnosis 

 

 TC diagnosed < 55 years  TC diagnosed ≥ 55 years  

Reproductive variable 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 
Number 
of women 

Person-
years 

TC Cases HRb (95%CI) 

Hormone replacement 
therapy use         

No 6,706 62,534 273 reference 156,600 2,627,802 519 reference 

Yes 491 3,160 25 0.84(0.54-1.29) 11,161 168,019 86 1.36(1.06-1.75) 

HRb – Adjusted Cox model for smoking status, alcohol drinking status and BMI, TC - thyroid cancer 
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4.9 Sensitivity analyses  
 

Menopausal status serves a dual purpose: it provides 

information about hormone status and defines age, as women were 

categorized based on age at baseline.  

By considering menopausal status, women were divided into 

two groups: those younger than 54 years (n=110,152) and those 

aged 54 years and older (n=179,555) and HRs (95% CIs) 

generated for the follow-up periods up to age 54 (cases=723) and 

those after 54 years (cases=796).  

On keeping females younger than 54 years as reference, the 

adjusted HR (95% CI) for females aged 54 years and older was 

1.01 (0.87-1.19) (Supplementary table 4). 

It can be implied that both young and old females have similar 

risk of developing thyroid cancer due to reproductive or hormonal 

factors, thereby providing insights into its biological plausibility. 
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Chapter 5. Discussion 
 

 

5.1. Main Findings  
 

A range of reproductive and hormonal factors were examined in 

relation to thyroid cancer risk in this large-scale pooled analysis of 

289,707 ACC female participants enrolled in 10 prospective cohort 

studies from three Asian countries. To my knowledge, this is first 

large-scale study to explore reproductive and hormone-related 

factors on thyroid cancer risk in Asian women.  

Older age at first delivery/pregnancy was significantly 

associated with the risk of thyroid cancer, overall (Table 16). Other 

childbearing factors such as higher number of children/deliveries 

and ever breastfeeding showed non-significant positive 

associations. Age at menarche, oral contraceptive and hormone 

replacement therapy use were not associated with the risk of 

thyroid cancer. Similar associations were seen for the papillary 

subtype as for overall thyroid cancer (Table 19). 

Stratified analyses by countries unveiled significant interactions 

for the relationship between thyroid cancer risk and number of 

deliveries/children, age at first delivery/pregnancy, age at menarche 

and breastfeeding status, A significant positive association with 

more number of deliveries/children was observed for Korea, in 

contrast inverse associations were seen for China and Japan 

(Figures 8a and 8b). For age at first delivery/pregnancy, younger 

or older age at first delivery/pregnancy did not show any 

association for China and Japan, while a nonsignificant positive 

association with older age at first birth was seen for Korean cohorts 

(Figure 9). For age at menarche, earlier age at menarche 

demonstrated nonsignificant increased risk for China and Japan but 

reduced risk for Korea (Figure 10). Ever breastfeeding showed 

nonsignificant increased risk for Japan and no association for Korea 

(Figure 11). 
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Birth years appeared to significantly modify the association 

between number of deliveries/children and thyroid cancer risk, with 

a significant positive association in younger birth cohorts, especially 

for those born after the 1950s (Figures 17a and 17b).  

A significant interaction effect by BMI was observed for the 

association between age at first delivery/pregnancy and thyroid 

cancer risk, where an older age at first delivery/pregnancy showed 

relatively increased risk among women of BMI <23 kg/m2, whereas 

a younger age at first delivery/pregnancy was seen to increase the 

risk among those with BMI <23 kg/m2 (Figure 7).  

No statistically significant differences in the association 

between any of the reproductive factors and thyroid cancer risk by 

smoking status was observed.  

The risk of thyroid cancer diagnosed at an earlier (<55 years) 

or older age (≥55 years) differed considerably with parity status, 

age at first delivery/pregnancy, postmenopausal status and age at 

menopause.  While parous women diagnosed at an older age had 

reduced risk of developing the cancer, those diagnosed at an earlier 

age had a significantly increased risk (Table 56). Advanced age at 

first delivery/pregnancy significantly increased the risk for thyroid 

cancer if diagnosed at an older age, this association was weaker for 

thyroid cancer diagnosis at an earlier age (Table 57). The 

association between postmenopausal status and risk of thyroid 

cancer showed clear contrast based on earlier or older age at 

diagnosis, with significantly reduced risk for earlier age and 

increased risk for older age (Table 58). 

 

5.2. Comparison with Previous Literature   
 

Age at first delivery/pregnancy 

This study’s finding of a significantly increased risk of thyroid 

cancer with older age of women when they first gave birth [HR (95% 

CIs): 1.16 (1.03-1.31) for ≥26 years, 1.09 (0.85-1.39) for ≤20 

years compared to 21-25 years (reference), p-trend 0.003] is 
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consistent with a previous prospective study from United States 

that reported similar associations of a significant linear trend toward 

an increased thyroid cancer for advancing age at first birth (53), 

and also with a pooled analysis of 14 case-control studies from 

North America, Europe, and Asia, in which the only significant 

reproductive risk factor that revealed a lower risk of thyroid cancer 

was younger age at first birth (<25 years)(76). Similarly, an Italian 

study of 379 women discovered that older age at first birth was 

associated with a doubled risk of thyroid cancer. The relative risk 

was 2.4 (95% CI: 1.2-5.0) for women who gave birth at age 28 or 

older versus those who gave birth at age 21 or younger(126). 

Additionally, a recent case-control study from China observed 

early age at first pregnancy (≤24 years vs >24 years) decreased 

the risk of thyroid cancer (OR 0.66, 95% CI 0.44−0.98) (54). While 

in another Chinese study, (65) non-significant increased risk of 

thyroid cancer was reported for later age at first birth (>30 vs 20-

29 years; HR 1.40, 95% CI: 0.88-2.22). 

The underlying mechanisms for the potential association 

between older age at delivery and thyroid cancer risk are not well 

understood, but may be because a later age at first birth is 

associated with a longer period of hormonal exposure, including 

exposure to estrogen(127). Experimental and molecular studies 

indicate that estrogen may influence thyroid carcinogenesis by 

promoting the growth and proliferation of thyroid cells, potentially 

increasing the risk of cancer(85, 87). Other factors like delayed 

childbearing(103) or obesity may also contribute to this association.  

It is worth noting that there are previous studies which have 

demonstrated reduced(39, 51), or no risk(64, 67, 68, 72, 73) 

associated with age at first delivery and thyroid cancer. However, 

most of these studies often had limited statistical power or utilized 

case-control study designs and focused on Western countries.  

 

Parity, number of deliveries/pregnancies 

In this study, having a greater number of children/deliveries 
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(compared to 1 or 1-2 children) was associated with a non-

significant increased risk of thyroid cancer, especially with >4 

children. 

While some studies have found that women who have had more 

pregnancies have no or slightly decreased risk(53, 65, 76), this 

study, along with several previous meta-analysis (58-60) supports 

a positive association between parity number and thyroid cancer 

risk. Also, consistent with the finding of this study are results from 

a Korean cross-sectional study that reported having 4 pregnancies 

had the highest risk compared to having 1 child (OR 4.51, 95% CI 

1.77−11.59)(56).   

This may be because pregnancy and childbirth are associated 

with changes in hormonal levels and may have some effects in the 

development of thyroid cancer.  During pregnancy, increased levels 

of estrogen and human chorionic gonadotropin which has close 

homology to TSH have been suggested to have stimulating effects 

on thyroid tumors(92). Moreover, Estrogen receptor-α-positive 

tumors have been observed in up to 87.5% of females who 

developed TC during pregnancy(93). 

The reasons for the mixed findings regarding the association 

between parity and thyroid cancer risk may be due to the influence 

of other factors, such as age at first pregnancy, breastfeeding, and 

hormonal factors, which vary between populations and regions.  

 

Breastfeeding  

While ever breastfeeding showed non-significant positive 

associations for thyroid cancer in this study, previous studies and 

meta-analyses have mostly documented reduced risk or no 

association (60, 62, 64, 65, 70, 73). For example, a hospital-based 

case-control study in China involving 2261 matched pairs of cases 

and controls demonstrated a decreased risk of thyroid cancer 

associated with longer duration of breastfeeding (6-12 months vs. 

6 months, OR 0.49, 95%CI 0.24 0.98) and a meta-analysis revealed 

that women who breastfed for a longer duration had a 0.7-fold 
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lower risk of thyroid cancer. 

While some studies suggest that breastfeeding may be a 

potential protective factor for thyroid cancer, the evidence is limited, 

and more research is required to better comprehend the underlying 

mechanisms and direction of association. 

 

Age at menarche 

This study and a previous large study from Korea (82) showed 

no significant difference of associations with thyroid cancer among 

women with early and late age at menarche, consistent with findings 

from other large prospective studies from USA(53) and China(72), 

pooled analyses of 14 case-control studies(76), and meta-

analyses of 24 prospective studies (61).  

Nevertheless, there is some evidence from previous studies 

that both early(≤13 years) (54, 55) and later age at menarche 

(>14 years) (52) are associated with an increased risk of thyroid 

cancer.  The underlying mechanisms for this association are not 

fully understood, but it is believed that the hormonal changes that 

occur during puberty and early adolescence may play a role in the 

development of the cancer. Specifically, it is thought that the 

increased levels of estrogen that occur during this time may 

contribute to the growth and proliferation of thyroid cell growth(85, 

87). 

It should be noted, however, that not all studies have found an 

association between age at menarche and thyroid cancer risk, and 

the findings may vary depending on the population and region being 

studied. Additionally, the magnitude of the association between age 

at menarche and thyroid cancer risk appears to be relatively small, 

and other risk factors(94, 100, 128) such as variations in 

environment, lifestyle, genetics and differences in average age of 

menarche between Asian (~12.5 years)(95, 96) and Western (~13 

years)(97) women are possibly to play a larger role in the 

development of thyroid cancer. 
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OC and HRT use 

Consistent with previous studies (60, 69, 70, 73) this study 

found no association of hormone use in the form of OC and HRT 

with thyroid cancer risk. A meta-analysis of 6 cohort and 3 case-

control studies from Western countries(73), as well as another 

metanalyses including 25 studies worldwide(60) also reported OC 

and HRT use did not alter the risk of thyroid cancer. 

OC use has been investigated as a potential risk factor for 

thyroid cancer, considering these pills contain synthetic hormones 

that may affect the growth and function of the thyroid gland. 

However, the evidence on the association between OC use and 

thyroid cancer risk remains inconsistent(84). 

The inconsistent findings may be due in part to the complexity 

of the hormonal pathways involved in thyroid cancer development, 

as well as the potential confounding effects of other risk factors. 

There is also some evidence to suggest that the associations 

between OC use and thyroid cancer may differ between Asian(112) 

and Western(113) women. However, conclusions relating to OC and 

HRT use should be made with caution for this study considering 

limited cohort contributions to the risk analyses.  

 

5.3. Stratified Analyses 
 

5.3.1 Effect of birth years 

The effect of birth year on the association between 

reproductive factors and thyroid cancer risk refers to the idea that 

the relationship between reproductive factors and thyroid cancer 

risk may have changed over time, possibly due to changes in 

lifestyle, environmental factors, or medical practices. This study 

using data from the Asia Cohort Consortium was able to investigate 

this by looking at how the association between reproductive factors 

and thyroid cancer risk varied across different birth cohorts. 

The study found that the risk of thyroid cancer by number of 

children/deliveries did vary by birth years in Asian women, with a 
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positive association observed to be stronger in younger birth 

cohorts than in older ones. These findings suggest that changes in 

lifestyle and environmental factors over time may have influenced 

the relationship between number of deliveries and thyroid cancer 

risk.  

Possible explanations for these changes include changes in 

dietary patterns such as adopting Westernized diet(50, 129), 

changes in the prevalence of obesity and changes in reproductive 

patterns such as decline in fertility rates or older age at first 

delivery(101, 102) or other risk factors such as cultural factors like 

the one-child policy from 1979-2015 in China, as well changes in 

medical practices, such as increased use of ultrasound imaging and 

fine needle aspiration biopsy, which may have led to the earlier 

detection of thyroid cancer in women with a history of childbirth. 

Overall, the findings of the study suggest that the relationship 

between reproductive factors and thyroid cancer risk may be 

influenced by birth cohort, and that future studies should take into 

account the potential effects of birth year when investigating this 

relationship. 

 

5.3.2 Effect of country 

Stratified analyses by country provide an additional layer of 

information to stratified analyses by birth year, enabling the 

examination of cross-country differences in the association 

between reproductive variables and thyroid cancer risk. It allows 

for the exploration of potential geographic or cultural influences that 

may contribute to the observed variations in the associations. 

This study revealed that the associations between number 

of deliveries/children and thyroid cancer risk varied significantly 

across countries. A significant positive association was observed 

for Korea, indicating a higher risk with more deliveries/children, in 

contrast inverse associations were seen for China and Japan. In the 

stratified analyses by birth years, younger birth cohorts were 

primarily composed of Korean cohorts, while older birth cohorts 
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were predominantly from Japan. And an increased risk of thyroid 

cancer was observed among the younger birth cohorts in 

association with number of deliveries. This finding aligns with the 

observations from the younger birth cohorts, indicating additional 

evidence of a consistent association between the number of 

deliveries and thyroid cancer risk among Korean populations.  

In the stratified analyses by country, distinct patterns emerged 

when examining the association between age at first 

delivery/pregnancy or age at menarche and thyroid cancer risk. For 

China and Japan, the risk estimates for younger and older age at 

first delivery/pregnancy were close to null, indicating no significant 

association. However, the 21-25 years age group showed a 

reduced risk of thyroid cancer. On the other hand, in Korea, there 

was a noticeable increasing risk of thyroid cancer with older age at 

first delivery/pregnancy. For China and Japan, an earlier age at 

menarche was associated with an increased risk of thyroid cancer. 

In contrast, in Korea, an earlier age at menarche was associated 

with a reduced risk of thyroid cancer.  

Now, turning to the stratified analyses by birth years, no 

significant associations were found between age at first 

delivery/pregnancy or age at menarche and thyroid cancer risk. 

Although statistically non-significant, these country-specific 

associations were not observed when examining the entire study 

population grouped by birth years. Moreover, the lack of significant 

associations in the stratified analyses by birth years suggests that 

the observed associations in the stratified analyses by country are 

not simply a result of overall population trends but reflect distinct 

patterns within each country. 

Another significant interaction that was observed was for the 

relationship between breastfeeding status and thyroid cancer risk, 

stratified by countries, where ever breastfeeding showed non-

significant increased risk for Japan and no association for Korea. 

The combined evidence from the stratified analyses by birth 

cohorts (ever breastfeeding showed non-significant increased risk 
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for thyroid cancer in older birth year groups) and country suggests 

that older birth cohorts, primarily composed of Japanese women, 

exhibit a higher risk of thyroid cancer in relation to breastfeeding. 

These findings underscore the importance of considering both 

country-specific and birth year-specific analyses to gain a 

comprehensive understanding of the relationship between 

reproductive factors and thyroid cancer risk. 

 

5.3.3 Effect of age at diagnosis of thyroid cancer 

Women diagnosed at an earlier age and who were parous 

demonstrated a significantly higher risk of thyroid cancer (HR 1.75, 

95%CI 1.11-2.76). This is an interesting finding considering in the 

stratified analysis by birth years, nonsignificant increased risk was 

observed in younger birth cohorts (HR 1.2, 95% CI 0.85-1.69) for 

ever being parous. Therefore, it is possible that the higher risk 

observed in younger birth cohorts and in thyroid cancer diagnosis at 

an earlier age may reflect a screening or detection bias. It may be 

influenced by increased medical surveillance or diagnostic testing, 

as women have generally increased exposure to healthcare because 

of reproductive and perimenopausal factors leading to enhanced 

thyroid gland scrutiny. 

Advanced age at first delivery/pregnancy significantly increased 

the risk for thyroid cancer if diagnosed at an older age (HR 1.19, 95% 

CI 1.02-1.39, p-trend=0.003). This association was weaker for 

thyroid cancer diagnosis at an earlier age. In stratified analysis by 

birth years, no significant associations were found between age at 

first delivery/pregnancy and thyroid cancer risk. Interestingly in the 

specific context of Korea, there was a noticeable increasing risk of 

thyroid cancer with older age at first delivery/pregnancy. Overall, 

these findings suggest advanced age at first delivery/pregnancy 

may be a potential risk factor for thyroid cancer, particularly among 

women diagnosed at an older age, and the divergent patterns 

observed across countries may be influenced by cultural, genetic, or 

environmental factors unique to each region. 



１１１ 

 

An earlier age of diagnosis of thyroid cancer was significantly 

associated with a reduced risk in relation to menopausal status (HR 

0.7, 95% CI 0.51-0.96). Conversely, later age at diagnosis was 

associated with an increased risk. Additionally, the study also 

revealed that when stratified analysis by birth years, among older 

cohorts, there was a non-significant increased risk of thyroid 

cancer associated with menopausal status. These associations 

highlight the difference in screening methods or country-specific 

patterns. Similar findings were seen for age at menopause. 

 

5.3.4 Effect of BMI  

In this study, BMI was found to modify the association between 

age at first delivery/pregnancy and thyroid cancer risk, specifically 

for Asian women. Older age at first delivery/pregnancy showed 

relatively increased risk among women of BMI <23 kg/m2, whereas 

younger age at first delivery showed increased risk among those 

with BMI ≥23 kg/m2 

The relationship between BMI, reproductive factors, and thyroid 

cancer risk is still an area of active research. There is evidence to 

suggest that BMI is a major lifestyle related factor that affects the 

development of thyroid cancer in both Eastern and Western 

populations (38, 69, 130-132). However, there may be variation in 

the strength of the association and the specific subtypes of thyroid 

cancer affected. 

The exact mechanisms by which BMI may increase the risk of 

thyroid cancer in women with certain reproductive factors are not 

fully understood. However, one plausible mechanism could be that 

obesity leads to a state of chronic inflammation, which can promote 

the development of cancer. Another hypothesis is that obesity may 

affect the levels of sex hormones such as estrogen and 

progesterone, which may in turn influence the development and 

progression of thyroid cancer. In addition, obesity is also associated 

with insulin resistance and hyperinsulinemia, which can stimulate 

the growth of cells and contribute to the development of cancer. 
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Insulin and insulin-like growth factor-1 (IGF-1) have been shown 

to promote the growth of thyroid cells in vitro. (133)  

For the effect of BMI on the association between age at 

delivery/pregnancy and thyroid cancer, the exact mechanisms may 

differ between Asian and Western women due to differences in 

genetics, dietary patterns, lifestyle factors, and cultural norms 

surrounding body weight. There are several potential reasons why 

this interaction may differ between the two populations. One 

possibility is differences in the prevalence of obesity and 

overweight(38); Asian populations tend to have lower BMI on 

average compared to Western populations, and so the effects of 

BMI on thyroid cancer risk in the two populations may lead to 

different patterns of risk.  

Additionally, differences in childbearing trends between Asian 

and Western women could contribute to varying interaction between 

BMI and age at first delivery on thyroid cancer risk. 

 

5.3.5 Effect of smoking  

 In this study, a small proportion of females (7%) were 

identified as ever smokers at baseline and when analyzing the data 

by smoking status and examining the relationship between 

reproductive factors and thyroid cancer, the number of cohorts that 

contributed to the ever smokers’ group was limited. Consequently, 

no significant associations between reproductive factors and thyroid 

cancer risk were observed by smoking status. 

To my knowledge, there is currently no evidence to suggest 

that smoking reduces the risk of thyroid cancer in women with 

certain reproductive factors. While some studies have reported a 

reduced risk of thyroid cancer among smokers, (39-43) these 

findings are not consistent and may be likely due to other factors 

such as the healthy smoker effect or differences in thyroid cancer 

screening practices between smokers and non-smokers. 

Proposed explanations include anti-inflammatory effects of 

nicotine, a major component of cigarette smoke, and reduced levels 
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of TSH due to smoking(44, 45). However, the evidence supporting 

these hypotheses is not yet definitive. Furthermore, there is limited 

research on the interaction of smoking with reproductive factors on 

the risk of thyroid cancer in Asian women compared to Western 

women. 

 

5.4. Clinical Implications  
 

In many parts of the world, including Asia, there has been a 

trend toward delayed childbearing,(103) where the median age of 

women at first childbirth has increased from 26.8 to 33.2 

years(104). This presents a challenge for healthcare providers as 

more women are having children at older ages, and there will be a 

higher risk of thyroid cancer in women who desire pregnancy. 

The study findings from stratified analyses underscore the 

importance of considering country-specific, birth year-specific and 

thyroid cancer age of diagnosis analyses to gain a comprehensive 

understanding of the relationship between reproductive factors and 

thyroid cancer risk. 

A better understanding of the association between reproductive 

and hormonal factors and thyroid cancer risk in both Asian and 

Western women would have important clinical implications. For 

instance, if certain reproductive and hormonal factors are more 

strongly associated with thyroid cancer risk in Asian women 

compared to Western women, healthcare providers could use this 

information to develop more appropriate counseling for women in 

Asian countries.  

In addition, in recent years, the emerging management of 

thyroid cancer is shifting towards a more parsimonious approach. 

Considering thyroid cancer ranks third among women aged 25-45, 

following breast and cervical cancer, it becomes imperative to 

conduct more rigorous research to determine whether hormone 

status is a potential risk factor or not. This is particularly important 

for women, aiming to minimize risks and maximize patient benefits. 
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5.5. Strengths and Limitations  
 

5.5.1 Strengths  

There are several strengths of this study:  

- Large sample size with a prospective study design 

- Plausibly the first pooled analyses to explore associations of 

reproductive factors with thyroid cancer risk in Asian 

women. 

- Due to pooling data of several cohorts, a larger number of 

thyroid cancer cancers were available, which allowed 

conducting subgroup analyses with greater statistical power.  

- In addition, because the analyses were limited to 

prospective studies, recall and selection biases were 

minimized. 

- Standardized categorizations of reproductive, hormonal 

variables and other covariates across studies.  

- Furthermore, by standardizing the categorizations of 

exposure and other covariates across studies, potential 

sources of heterogeneity between studies were minimized. 

 

5.5.2 Limitations 

This study has some limitations: 

- Any change in exposure status during follow-up cannot be 

addressed in this study because reproductive and hormonal 

variables were measured only at baseline.  

- Confounding cannot be completely ruled out; however, it is 

probably of minor importance as potential risk factors for 

thyroid cancer were adjusted in the models, and the age-

adjusted and multivariable models yielded similar results. 

- Further adjustment by radiation exposure, iodine intake, 

family history of thyroid cancer was not possible due to 

unavailability of data across studies.  

- Although pooled data increased the sample size, it was still 

not enough to calculate certain reproductive factors 
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associations.  

- No differences in the associations between reproductive 

factors and thyroid cancer risk stratified by smoking may be 

the result of the relatively small number of ever smoker 

within each study (range of the number of thyroid cases in 

ever smokers = 4 to 72). 

- Women have generally increased exposure to healthcare 

because of reproductive and perimenopausal factors leading 

to enhanced thyroid gland scrutiny. 

- Generalizability of findings may be limited to the Chinese, 

Japanese, and Korean populations included in the study.  

- Stratification by BMI was conducted using baseline 

information. To address the potential interaction with 

reproductive factors, BMI during early adulthood or before 

pregnancy may be more relevant.(38, 134-136) 
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Chapter 6. Conclusion 
 

 

To the best of my knowledge, this is the first large, pooled 

analysis to explore the relationship between reproductive factors 

and thyroid cancer risk in Asian women.   

Findings revealed a significantly increased risk of thyroid 

cancer for older age at first delivery/pregnancy, which poses a new 

challenge for healthcare providers, as the proportion of women 

having children at the end of their reproductive years has been on 

the rise, and there will be a higher risk of thyroid cancer in women 

who delay pregnancy.  

Additionally, older age at first delivery/pregnancy significantly 

increased thyroid cancer risk, particularly when diagnosed later in 

life (≥55 years). Among the countries, a positive association was 

seen in Korean cohorts and no significant associations observed for 

China and Japan. Furthermore, the lack of significant associations 

when stratified by birth year suggest that these observed 

associations reflect country-specific patterns. 

Birth years modified the association between number of 

children/deliveries and thyroid cancer risk, with a significant 

positive association in younger cohorts, which mainly consisted of 

Korean populations. Moreover, when stratified by countries, a 

significant positive association was observed for Korea, while 

inverse associations were seen for China and Japan, further 

emphasizing the evidence of a consistent association between the 

number of children/deliveries and thyroid cancer risk among Korean 

populations.  

An elevated risk of thyroid cancer in parous women diagnosed 

at an earlier age and non-significant increased risk in younger birth 

cohorts may be indicative of heightened medical surveillance or 

increased diagnostic testing. An increased risk at later age at 

diagnosis in relation to menopausal status was observed, in addition 

to non-significant increased risk among older cohorts. These 
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associations highlight the differences in country-specific screening 

methods or patterns.  

BMI modified the association between age at first 

delivery/pregnancy and thyroid cancer risk, especially in Asian 

women. This interaction may differ between Asian and Western 

women, due to variations in genetics, dietary patterns, lifestyle 

factors, BMI prevalence and childbearing trends.  

Overall, this study fills a knowledge gap and offers valuable 

insights into the association between reproductive factors and 

thyroid cancer risk in Asian women. However, further studies that 

include genetic, reproductive, and environmental factors should be 

conducted to better understand the complex interplay between 

these factors and thyroid cancer risk.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



１１８ 

 

Acknowledgement 
 

First and foremost, all praises to the Almighty, the Most Merciful, the Most 

Beneficent. 

 

I am deeply grateful to my advisor, Professor Aesun Shin, for accepting 

me as a student and providing me with the opportunity to pursue my post-

graduation study at Seoul National University. Your wisdom and guidance 

have shaped my thinking as a researcher, and I am immensely thankful for 

your wholehearted support throughout this journey, and I hope this 

academic tie will continue for long. 

 

I extend my heartfelt appreciation to my thesis committee advisors 

Professor Daehee Kang and Professor Ji-Yeob Choi. Your insightful 

comments, epidemiological, statistical, and clinical expertise have been 

invaluable to the completion of this work. Thank you for sharing your 

knowledge and encouragement. 

 

Thanks must go to all involved in the reproductive factors and thyroid 

cancer pooling project. I must single out Dr Sooyoung Cho, your help in the 

early days of my Master’s is unforgettable. I am also grateful to the Asia 

Cohort Consortium for providing valuable resources and to all members 

who openly shared their views and experiences with me. 

 

To my colleagues at Professor Shin’s lab, I am absolutely grateful for 

creating a great environment while working and for sharing your 

knowledge and support. My gratitude to Tung and Jiyoon and all other 

members who directly and indirectly assisted me. 

 

I am thankful for being a recipient of the Graduate Scholarship for 

Excellent Foreign Students (GSFS). Your generous support has made this 

journey possible. 

 

Lastly, I want to express my deepest gratitude to my parents, without 

whom I wouldn't be where I am today. To my little daughters and husband, 

I cannot thank you enough for believing in me and for your patience, 

endless love, and unwavering support. 



１１９ 

 

Bibliography 
 

 

1. Demers LM. Thyroid disease: pathophysiology and diagnosis. 

Clin Lab Med. 2004;24(1):19-28. 

2. Vecteezy. 2019 [Available from: https://www.vecteezy.com/. 

3. Barrett EJ. Medical Physiology.  Chapter 49 The Thyroid 

Gland. 3rd ed2017. p. 1006-17.e2. 

4. Braverman, E. L. Werner & Ingbar's The Thyroid: A 

Fundamental and Clinical Text. 11th ed: Lippincott Williams & 

Wilkins (LWW); 2020. 912 p. 

5. Kitahara CM, Schneider AB, Brenner AV. Cancer 

Epidemiology and Prevention. In: Michael Thun, S. M, Linet, James 

R. Cerhan, A. C, Haiman, et al., editors. Chapter 44 Thyroid Cancer. 

4th ed: Oxford University Press; 2018. p. 839-60. 

6. La Vecchia C, Malvezzi M, Bosetti C, Garavello W, Bertuccio 

P, Levi F, et al. Thyroid cancer mortality and incidence: a global 

overview. Int J Cancer. 2015;136(9):2187-95. 

7. Zhong LK, Xie CL, Jiang S, Deng XY, Gan XX, Feng JH, et al. 

Prioritizing Susceptible Genes for Thyroid Cancer Based on Gene 

Interaction Network. Front Cell Dev Biol. 2021;9:740267. 

8. Seib CD, Sosa JA. Evolving Understanding of the 

Epidemiology of Thyroid Cancer. Endocrinology and Metabolism 

Clinics of North America. 2019;48(1):23-35. 

9. Kilfoy BA, Zheng T, Holford TR, Han X, Ward MH, Sjodin A, 

et al. International patterns and trends in thyroid cancer incidence, 

1973-2002. Cancer Causes Control. 2009;20(5):525-31. 

10. Olson E, Wintheiser G, Wolfe KM, Droessler J, Silberstein 

PT. Epidemiology of Thyroid Cancer: A Review of the National 

Cancer Database, 2000-2013. Cureus. 2019;11(2):e4127. 

11. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, 

et al. Global Cancer Observatory: Cancer Today. Lyon, France: 

International Agency for Research on Cancer. 2020 [Available from: 

https://gco.iarc.fr/today. 

12. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 

Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates 

of Incidence and Mortality Worldwide for 36 Cancers in 185 

Countries. CA Cancer J Clin. 2021;71(3):209-49. 

13. Vaccarella S, Dal Maso L, Laversanne M, Bray F, Plummer 

M, Franceschi S. The Impact of Diagnostic Changes on the Rise in 

Thyroid Cancer Incidence: A Population-Based Study in Selected 

https://www.vecteezy.com/
https://gco.iarc.fr/today


１２０ 

 

High-Resource Countries. Thyroid. 2015;25(10):1127-36. 

14. Kim J, Gosnell JE, Roman SA. Geographic influences in the 

global rise of thyroid cancer. Nat Rev Endocrinol. 2020;16(1):17-

29. 

15. Ahn HS, Welch HG. South Korea's Thyroid-Cancer 

"Epidemic"--Turning the Tide. N Engl J Med. 

2015;373(24):2389-90. 

16. Li M, Dal Maso L, Vaccarella S. Global trends in thyroid 

cancer incidence and the impact of overdiagnosis. Lancet Diabetes 

Endocrinol. 2020;8(6):468-70. 

17. Brito JP, Morris JC, Montori VM. Thyroid cancer: zealous 

imaging has increased detection and treatment of low risk tumours. 

Bmj. 2013;347:f4706. 

18. Bibbins-Domingo K, Grossman DC, Curry SJ, Barry MJ, 

Davidson KW, Doubeni CA, et al. Screening for Thyroid Cancer: US 

Preventive Services Task Force Recommendation Statement. Jama. 

2017;317(18):1882-7. 

19. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel 

SJ, Nikiforov YE, et al. 2015 American Thyroid Association 

Management Guidelines for Adult Patients with Thyroid Nodules 

and Differentiated Thyroid Cancer: The American Thyroid 

Association Guidelines Task Force on Thyroid Nodules and 

Differentiated Thyroid Cancer. Thyroid. 2016;26(1):1-133. 

20. Shi LL, DeSantis C, Jemal A, Chen AY. Changes in thyroid 

cancer incidence, post-2009 American Thyroid Association 

guidelines. Laryngoscope. 2017;127(10):2437-41. 

21. Kitahara CM, Sosa JA, Shiels MS. Influence of Nomenclature 

Changes on Trends in Papillary Thyroid Cancer Incidence in the 

United States, 2000 to 2017. J Clin Endocrinol Metab. 

2020;105(12):e4823-30. 

22. Pellegriti G, De Vathaire F, Scollo C, Attard M, Giordano C, 

Arena S, et al. Papillary thyroid cancer incidence in the volcanic 

area of Sicily. J Natl Cancer Inst. 2009;101(22):1575-83. 

23. Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, Jemal 

A, Siegel RL. Cancer statistics for adolescents and young adults, 

2020. CA Cancer J Clin. 2020;70(6):443-59. 

24. Ahn HS, Kim HJ, Welch HG. Korea's thyroid-cancer 

"epidemic"--screening and overdiagnosis. N Engl J Med. 

2014;371(19):1765-7. 

25. Oh CM, Jung KW, Won YJ, Shin A, Kong HJ, Lee JS. Age-

Period-Cohort Analysis of Thyroid Cancer Incidence in Korea. 

Cancer Res Treat. 2015;47(3):362-9. 



１２１ 

 

26. Bukhari U, Sadiq S, Memon J, Baig F. Thyroid carcinoma in 

Pakistan: a retrospective review of 998 cases from an academic 

referral center. Hematol Oncol Stem Cell Ther. 2009;2(2):345-8. 

27. Zava TT, Zava DT. Assessment of Japanese iodine intake 

based on seaweed consumption in Japan: A literature-based 

analysis. Thyroid Res. 2011;4:14. 

28. Choi YC, Cheong JI, Chueh HW, Yoo JH. Iodine status and 

characteristics of Korean adolescents and their parents based on 

urinary iodine concentration: a nationwide cross-sectional study. 

Ann Pediatr Endocrinol Metab. 2019;24(2):108-15. 

29. Kitahara CM, Sosa JA. The changing incidence of thyroid 

cancer. Nat Rev Endocrinol. 2016;12(11):646-53. 

30. Furukawa K, Preston D, Funamoto S, Yonehara S, Ito M, 

Tokuoka S, et al. Long-term trend of thyroid cancer risk among 

Japanese atomic-bomb survivors: 60 years after exposure. Int J 

Cancer. 2013;132(5):1222-6. 

31. Tsuda T, Tokinobu A, Yamamoto E, Suzuki E. Thyroid 

Cancer Detection by Ultrasound Among Residents Ages 18 Years 

and Younger in Fukushima, Japan: 2011 to 2014. Epidemiology. 

2016;27(3):316-22. 

32. Schonfeld SJ, Lee C, Berrington de González A. Medical 

exposure to radiation and thyroid cancer. Clin Oncol (R Coll Radiol). 

2011;23(4):244-50. 

33. Non-ionizing radiation, Part 2: Radiofrequency 

electromagnetic fields. IARC Monogr Eval Carcinog Risks Hum. 

2013;102(Pt 2):1-460. 

34. Fugazzola L, Elisei R, Fuhrer D, Jarzab B, Leboulleux S, 

Newbold K, et al. 2019 European Thyroid Association Guidelines 

for the Treatment and Follow-Up of Advanced Radioiodine-

Refractory Thyroid Cancer. Eur Thyroid J. 2019;8(5):227-45. 

35. Schmid D, Ricci C, Behrens G, Leitzmann MF. Adiposity and 

risk of thyroid cancer: a systematic review and meta-analysis. 

Obes Rev. 2015;16(12):1042-54. 

36. Jang Y, Kim T, Kim BHS, Park B. Association between 

Obesity Indexes and Thyroid Cancer Risk in Korean Women: 

Nested Case-Control Study. Cancers (Basel). 2022;14(19). 

37. Kitahara CM, Gamborg M, Berrington de Gonzalez A, 

Sorensen TI, Baker JL. Childhood height and body mass index were 

associated with risk of adult thyroid cancer in a large cohort study. 

Cancer Res. 2014;74(1):235-42. 

38. Peterson E, De P, Nuttall R. BMI, diet and female 

reproductive factors as risks for thyroid cancer: a systematic 



１２２ 

 

review. PLoS One. 2012;7(1):e29177. 

39. Galanti MR, Hansson L, Lund E, Bergström R, Grimelius L, 

Stalsberg H, et al. Reproductive history and cigarette smoking as 

risk factors for thyroid cancer in women a population-based case-

control study. Cancer Epidemiol Biomarkers Prev. 1996 5(6):425-

31. 

40. Picchi P, Faloci C, Salabé GB. [Reproductive history, 

contraceptives and cigarette smoke as risk factors for cancer of the 

thyroid in women. Case-control study]. Minerva Endocrinol. 

2001;26(2):53-7. 

41. Kitahara CM, Linet MS, Beane Freeman LE, Check DP, 

Church TR, Park Y, et al. Cigarette smoking, alcohol intake, and 

thyroid cancer risk: a pooled analysis of five prospective studies in 

the United States. Cancer Causes Control. 2012;23(10):1615-24. 

42. Mack WJ, Preston-Martin S, Maso LD, Galanti R, Xiang M, 

Franceschi S, et al. A pooled analysis of case–control studies of 

thyroid cancer: cigarette smoking and consumption of alcohol, 

coffee, and tea. Cancer Causes and Control. 2003;14:773–85. 

43. Kabat GC, Kim MY, Wactawski-Wende J, Rohan TE. 

Smoking and alcohol consumption in relation to risk of thyroid 

cancer in postmenopausal women. Cancer Epidemiol. 

2012;36(4):335-40. 

44. Baron JA, Nichols HB, Anderson C, Safe S. Cigarette 

Smoking and Estrogen-Related Cancer. Cancer Epidemiol 

Biomarkers Prev. 2021;30(8):1462-71. 

45. Wiersinga WM. Smoking and thyroid. Clin Endocrinol (Oxf). 

2013;79(2):145-51. 

46. Rahbari R, Zhang L, Kebebew E. Thyroid cancer gender 

disparity. Future Oncol. 2010 6(11):1771-9. 

47. Hong S, Won YJ, Park YR, Jung KW, Kong HJ, Lee ES. 

Cancer Statistics in Korea: Incidence, Mortality, Survival, and 

Prevalence in 2017. Cancer Res Treat. 2020;52(2):335-50. 

48. Levin RJ. Incidence of thyroid cancer in residents 

surrounding the Three Mile Island nuclear facility. Laryngoscope. 

2008;118(4):618-28. 

49. Leung AM, Braverman LE. Consequences of excess iodine. 

Nat Rev Endocrinol. 2014;10(3):136-42. 

50. Lee SM, Kwak KH. Risk factors and a predictive model for 

thyroid cancer in Korean women. Cancer Nurs. 2010 33(4):310-9. 

51. Wang M, Gong WW, He QF, Hu RY, Yu M. Menstrual, 

reproductive and hormonal factors and thyroid cancer: a hospital-

based case-control study in China. BMC Womens Health. 



１２３ 

 

2021;21(1):13. 

52. Mannathazhathu AS, George PS, Sudhakaran S, Vasudevan D, 

Krishna Km J, Booth C, et al. Reproductive factors and thyroid 

cancer risk: Meta-analysis. Head Neck. 2019;41(12):4199-208. 

53. Schubart JR, Eliassen AH, Schilling A, Goldenberg D. 

Reproductive Factors and Risk of Thyroid Cancer in Women: An 

Analysis in the Nurses' Health Study II. Womens Health Issues. 

2021;31(5):494-502. 

54. He JL, Zhang C, Hu MJ, Wu HB, Lu XL, Hao JH, et al. 

Reproductive and menstrual factors for papillary thyroid cancer risk: 

A case-control study in Chinese women. Cancer Epidemiol. 

2021;73:101964. 

55. Shin S, Sawada N, Saito E, Yamaji T, Iwasaki M, Shimazu T, 

et al. Menstrual and reproductive factors in the risk of thyroid 

cancer in Japanese women: the Japan Public Health Center-Based 

Prospective Study. Eur J Cancer Prev. 2018;27(4):361-9. 

56. Kim H, Kim KY, Baek JH, Jung J. Are pregnancy, parity, 

menstruation and breastfeeding risk factors for thyroid cancer? 

Results from the Korea National Health and Nutrition Examination 

Survey, 2010-2015. Clin Endocrinol (Oxf). 2018;89(2):233-9. 

57. Cordina-Duverger E, Leux C, Neri M, Tcheandjieu C, 

Guizard AV, Schvartz C, et al. Hormonal and reproductive risk 

factors of papillary thyroid cancer: A population-based case-

control study in France. Cancer Epidemiol. 2017;48:78-84. 

58. Zhu J, Zhu X, Tu C, Li YY, Qian KQ, Jiang C, et al. Parity and 

thyroid cancer risk: a meta-analysis of epidemiological studies. 

Cancer Med. 2016;5(4):739-52. 

59. Zhou YQ, Zhou Z, Qian MF, Gong T, Wang JD. Association of 

thyroid carcinoma with pregnancy: A meta-analysis. Mol Clin Oncol. 

2015;3(2):341-6. 

60. Cao Y, Wang Z, Gu J, Hu F, Qi Y, Yin Q, et al. Reproductive 

Factors but Not Hormonal Factors Associated with Thyroid Cancer 

Risk: A Systematic Review and Meta-Analysis. Biomed Res Int. 

2015;2015:103515. 

61. Caini S, Gibelli B, Palli D, Saieva C, Ruscica M, Gandini S. 

Menstrual and reproductive history and use of exogenous sex 

hormones and risk of thyroid cancer among women: a meta-

analysis of prospective studies. Cancer Causes Control. 

2015;26(4):511-8. 

62. Xhaard C, Rubino C, Clero E, Maillard S, Ren Y, Borson-

Chazot F, et al. Menstrual and reproductive factors in the risk of 

differentiated thyroid carcinoma in young women in France: a 



１２４ 

 

population-based case-control study. Am J Epidemiol. 

2014;180(10):1007-17. 

63. Sungwalee W, Vatanasapt P, Kamsa-Ard S, 

Suwanrungruang K, Promthet S. Reproductive risk factors for 

thyroid cancer: a prospective cohort study in Khon Kaen, Thailand. 

Asian Pac J Cancer Prev. 2013;14(9):5153-5. 

64. Brindel P, Doyon F, Rachedi F, Boissin JL, Sebbag J, Shan L, 

et al. Menstrual and reproductive factors in the risk of differentiated 

thyroid carcinoma in native women in French Polynesia: a 

population-based case-control study. Am J Epidemiol. 

2008;167(2):219-29. 

65. Wong EY, Ray R, Gao DL, Wernli KJ, Li W, Fitzgibbons ED, 

et al. Reproductive history, occupational exposures, and thyroid 

cancer risk among women textile workers in Shanghai, China. Int 

Arch Occup Environ Health. 2006;79(3):251-8. 

66. Truong T, Orsi L, Dubourdieu D, Rougier Y, Hemon D, 

Guenel P. Role of goiter and of menstrual and reproductive factors 

in thyroid cancer: a population-based case-control study in New 

Caledonia (South Pacific), a very high incidence area. Am J 

Epidemiol. 2005;161(11):1056-65. 

67. Akslen LA, Nilssen S, Kvåle G. Reproductive factors and 

risk of thyroid cancer. A prospective study of 63,090 women from 

Norway. Br J Cancer. 1992 65(5):772-4. 

68. Levi F, Franceschi S, Gulie C, Negri E, La Vecchia C. Female 

Thyroid Cancer The Role of Reproductive and Hormonal Factors in 

Switzerland. Oncology. 1993 50(4):309-15. 

69. Iribarren C, Haselkorn T, Tekawa IS, Friedman GD. Cohort 

study of thyroid cancer in a San Francisco Bay area population. Int J 

Cancer. 2001;93(5):745-50. 

70. Mack WJ, Preston-Martin S, Bernstein L, Qian D, Xiang M. 

Reproductive and hormonal risk factors for thyroid cancer in Los 

Angeles County females. Cancer Epidemiol Biomarkers Prev. 1999 

8(11):991-7. 

71. Rossing MA, Voigt LF, Wicklund KG, Williams M, Daling JR. 

Use of exogenous hormones hormones and risk of papillary thyroid 

cancer (Washington, United States). Cancer Causes Control. 1998 

9(3):341-9. 

72. Pham TM, Fujino Y, Mikami H, Okamoto N, Hoshiyama Y, 

Tamakoshi A, et al. Reproductive and menstrual factors and thyroid 

cancer among Japanese women the Japan Collaborative Cohort 

Study. J Womens Health (Larchmt). 2009 18(3):331-5. 

73. Wang P, Lv L, Qi F, Qiu F. Increased risk of papillary thyroid 



１２５ 

 

cancer related to hormonal factors in women. Tumour Biol. 

2015;36(7):5127-32. 

74. Zivaljevic V, Vlajinac H, Jankovic R, Marinkovic J, Dzodic R, 

Sipeti Grujii S, et al. Case–control study of female thyroid cancer – 

menstrual, reproductive and hormonal factors. Eur J Cancer Prev. 

2003 12(1):63-6. 

75. Schonfeld SJ, Ron E, Kitahara CM, Brenner A, Park Y, 

Sigurdson AJ, et al. Hormonal and reproductive factors and risk of 

postmenopausal thyroid cancer in the NIH-AARP Diet and Health 

Study. Cancer Epidemiol. 2011;35(6):e85-90. 

76. Negri E, Ron E, Franceschi S, La Vecchia C, Preston-Martin 

S, Kolonel L, et al. Risk factors for medullary thyroid carcinoma a 

pooled analysis. Cancer Causes Control. 2002 13(4):365-72. 

77. Memon A, Darif M, Al-Saleh K, Suresh A. Epidemiology of 

reproductive and hormonal factors in thyroid cancer: evidence from 

a case-control study in the Middle East. Int J Cancer. 

2002;97(1):82-9. 

78. La Vecchia C, Negri E, Franceschi S, Parazzini F. Long-

term impact of reproductive factors on cancer risk. Int J Cancer. 

1993;53(2):215-9. 

79. Jin E, Kang H, Son M. Association between breastfeeding 

and breast, thyroid, and cervical cancer among Korean adult women 

based on the Korean Genome and Epidemiology Study: a cohort 

study. Korean J Women Health Nurs. 2021;27(4):368-78. 

80. Horn-Ross PL, Canchola AJ, Ma H, Reynolds P, Bernstein L. 

Hormonal factors and the risk of papillary thyroid cancer in the 

California Teachers Study cohort. Cancer Epidemiol Biomarkers 

Prev. 2011;20(8):1751-9. 

81. Braganza MZ, Berrington de Gonzalez A, Schonfeld SJ, 

Wentzensen N, Brenner AV, Kitahara CM. Benign breast and 

gynecologic conditions, reproductive and hormonal factors, and risk 

of thyroid cancer. Cancer Prev Res (Phila). 2014;7(4):418-25. 

82. Shin A, Song YM, Yoo KY, Sung J. Menstrual factors and 

cancer risk among Korean women. Int J Epidemiol. 

2011;40(5):1261-8. 

83. Moleti M, Sturniolo G, Di Mauro M, Russo M, Vermiglio F. 

Female Reproductive Factors and Differentiated Thyroid Cancer. 

Front Endocrinol (Lausanne). 2017;8:111. 

84. Hedayati M, Rajabi S, Nikzamir A. Papillary Thyroid 

Cancer-Promoting Activities of Combined Oral Contraceptive 

Components. Galen Med J. 2020;9:e1648. 

85. Derwahl M, Nicula D. Estrogen and its role in thyroid cancer. 



１２６ 

 

Endocr Relat Cancer. 2014;21(5):T273-83. 

86. Yager JD, Liehr JG. Molecular mechanisms of estrogen 

carcinogenesis. Annu Rev Pharmacol Toxicol. 1996;36:203-32. 

87. Manole D, Schildknecht B, Gosnell B, Adams E, Derwahl M. 

Estrogen Promotes Growth of Human Thyroid Tumor Cells by 

Different Molecular Mechanisms. J Clin Endocrinol Metab. 2001 

86(3):1072-7. 

88. Huang Y, Dong W, Li J, Zhang H, Shan Z, W. T. Differential 

expression patterns and clinical significance of estrogen receptor-α 

and β in papillary thyroid carcinoma. BMC Cancer. 2014 14(383). 

89. Tafani M, De Santis E, Coppola L, Perrone GA, Carnevale I, 

Russo A, et al. Bridging hypoxia, inflammation and estrogen 

receptors in thyroid cancer progression. Biomed Pharmacother. 

2014;68(1):1-5. 

90. Hima S, Sreeja S. Modulatory role of 17beta-estradiol in the 

tumor microenvironment of thyroid cancer. IUBMB Life. 

2016;68(2):85-96. 

91. Furlanetto TW, Nguyen LQ, JL. J. Estradiol increases 

proliferation and down-regulates the sodium/iodide symporter gene 

in FRTL-5 cells. Endocrinology. 1999 140(12):5705-11. 

92. Yoshimura M, Hershman JM. Thyrotropic Action of Human 

Chorionic Gonadotropin. Thyroid. 1995;5(5):425-34. 

93. Vannucchi G, Perrino M, Rossi S, Colombo C, Vicentini L, 

Dazzi D, et al. Clinical and molecular features of differentiated 

thyroid cancer diagnosed during pregnancy. Eur J Endocrinol. 

2010;162(1):145-51. 

94. Okasha M, McCarron P, McEwen J, Smith GD. Age at 

menarche: secular trends and association with adult anthropometric 

measures. Ann Hum Biol. 2001;28(1):68-78. 

95. Meng X, Li S, Duan W, Sun Y, Jia C. Secular trend of age at 

menarche in Chinese adolescents born from 1973 to 2004. 

Pediatrics. 2017;140(2). 

96. Seo MY, Kim S-H, Juul A, Park MJ. Trend of Menarcheal 

Age among Korean Girls. J Korean Med Sci. 2020;35(49). 

97. Nichols HB, Trentham-Dietz A, Hampton JM, Titus-

Ernstoff L, Egan KM, Willett WC, et al. From menarche to 

menopause: trends among US Women born from 1912 to 1969. Am 

J Epidemiol. 2006;164(10):1003-11. 

98. Lee M-H, Kim SH, Oh M, Lee K-W, Park M-J. Age at 

menarche in Korean adolescents: trends and influencing factors. 

Reproductive Health. 2016;13(1):121. 

99. Hosokawa M, Imazeki S, Mizunuma H, Kubota T, Hayashi K. 



１２７ 

 

Secular trends in age at menarche and time to establish regular 

menstrual cycling in Japanese women born between 1930 and 1985. 

BMC Womens Health. 2012;12:19. 

100. Parent AS, Teilmann G, Juul A, Skakkebaek NE, Toppari J, 

Bourguignon JP. The timing of normal puberty and the age limits of 

sexual precocity: variations around the world, secular trends, and 

changes after migration. Endocr Rev. 2003;24(5):668-93. 

101. United Nations DoEaSA, Population Division. World Fertility 

Report 2015 - Highlights 2017. 

102. Organisation for Economic Cooperation and Development, 

(OECD). Fertility rates (indicator)2023. 

103. Martin LJ. Delaying, debating and declining motherhood. Cult 

Health Sex. 2021;23(8):1034-49. 

104. World Health Organization. Maternal, newborn, child and 

adolescent health and ageing https://www.who.int/teams/maternal-

newborn-child-adolescent-health-and-ageing/covid-192022. 

105. Palacios S, Henderson VW, Siseles N, Tan D, Villaseca P. 

Age of menopause and impact of climacteric symptoms by 

geographical region. Climacteric. 2010;13(5):419-28. 

106. Wu X, Cai H, Kallianpur A, Gao Y-T, Yang G, Chow W-H, et 

al. Age at Menarche and Natural Menopause and Number of 

Reproductive Years in Association with Mortality: Results from a 

Median Follow-Up of 11.2 Years among 31,955 Naturally 

Menopausal Chinese Women. PLOS ONE. 2014;9(8):e103673. 

107. Park Y-J, Kim HS, Kang H-C. The Age at Menopause and 

Related Factors in Korean Women. Journal of Korean Academy of 

Nursing 2002;2(7). 

108. Kono S, Sunagawa Y, Higa H, Sunagawa H. Age of 

menopause in Japanese women: trends and recent changes. 

Maturitas. 1990;12(1):43-9. 

109. Dratva J, Gomez Real F, Schindler C, Ackermann-Liebrich U, 

Gerbase MW, Probst-Hensch NM, et al. Is age at menopause 

increasing across Europe? Results on age at menopause and 

determinants from two population-based studies. Menopause. 

2009;16(2):385-94. 

110. UNICEF global databses. Breastfeeding 2022 [Available 

from: https://data.unicef.org/topic/nutrition/breastfeeding/. 

111. Vaz JS, Maia MFS, Neves PAR, Santos TM, Vidaletti LP, 

Victora C. Monitoring breastfeeding indicators in high-income 

countries: Levels, trends and challenges. Maternal & Child Nutrition. 

2021;17(3):e13137. 

112. Huang KE, Xu L, I NN, Jaisamrarn U. The Asian Menopause 

https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/covid-192022
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/covid-192022
https://data.unicef.org/topic/nutrition/breastfeeding/


１２８ 

 

Survey: knowledge, perceptions, hormone treatment and sexual 

function. Maturitas. 2010;65(3):276-83. 

113. Genazzani AR, Schneider HP, Panay N, Nijland EA. The 

European Menopause Survey 2005: women's perceptions on the 

menopause and postmenopausal hormone therapy. Gynecol 

Endocrinol. 2006;22(7):369-75. 

114. Song M, Rolland B, Potter JD, Kang D. Asia Cohort 

Consortium: challenges for collaborative research. J Epidemiol. 

2012;22(4):287-90. 

115. Zheng W, McLerran DF, Rolland B, Zhang X, Inoue M, 

Matsuo K, et al. Association between Body-Mass Index and Risk of 

Death in More Than 1 Million Asians. New England Journal of 

Medicine. 2011;364(8):719-29. 

116. Rolland B, Smith BR, Potter JD. Coordinating centers in 

cancer epidemiology research: the Asia Cohort Consortium 

coordinating center. Cancer Epidemiol Biomarkers Prev. 

2011;20(10):2115-9. 

117. Sobue T, Inoue M, Tanaka H, Members. Cancer Registry and 

Epidemiological Study Working Group Report. Japanese Journal of 

Clinical Oncology. 2010;40(suppl_1):i76-i81. 

118. Cox DR. Regression Models and Life-Tables. Journal of the 

Royal Statistical Society Series B (Methodological). 

1972;34(2):187-220. 

119. Eric Vittinghoff , Stephen C. Shiboski , David V. Glidden , 

McCulloch CE. Regression Methods in Biostatistics Linear, Logistic, 

Survival, and Repeated Measures Models. 2nd ed. New York: 

Springer; 2012. 

120. DerSimonian R, Laird N. Meta-analysis in clinical trials. 

Control Clin Trials. 1986;7(3):177-88. 

121. Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, 

Botella J. Assessing heterogeneity in meta-analysis: Q statistic or 

I2 index? Psychol Methods. 2006;11(2):193-206. 

122. Higgins JP, Thompson SG. Quantifying heterogeneity in a 

meta-analysis. Stat Med. 2002;21(11):1539-58. 

123. Deeks JJ, Higgins JPT, Altman DG. Cochrane Handbook for 

Systematic Reviews of Interventions version 6.3, Chapter 10: 

Analysing data and undertaking meta-analyses. 10.10.2 Identifying 

and measuring heterogeneity. Cochrane2022. 

124. World Health Organization. Regional Office for the Western 

P. The Asia-Pacific perspective : redefining obesity and its 

treatment: Sydney : Health Communications Australia; 2000 2000. 

125. Li R, Wang Y, Du L. A rapidly increasing trend of thyroid 



１２９ 

 

cancer incidence in selected East Asian countries: Joinpoint 

regression and age-period-cohort analyses. Gland Surg. 

2020;9(4):968-84. 

126. Franceschi S, Fassina A, Talamini R, Mazzolini A, Vianello S, 

Bidoli E, et al. The influence of reproductive and hormonal factors 

on thyroid cancer in women. Rev Epidemiol Sante Publique. 

1990;38(1):27-34. 

127. Przybylik-Mazurek E, Hubalewska-Dydejczyk A, 

Fedorowicz A, Pach D. Factors connected with the female sex seem 

to play an important role in differentiated thyroid cancer. Gynecol 

Endocrinol. 2012;28(2):150-5. 

128. Lee MH, Kim SH, Oh M, Lee KW, Park MJ. Age at menarche 

in Korean adolescents: trends and influencing factors. Reprod 

Health. 2016;13(1):121. 

129. Fujiwara T, Nakata R. Current problems of food intake in 

young women in Japan: Their influence on female reproductive 

function. Reprod Med Biol. 2004;3(3):107-14. 

130. Suzuki T, Matsuo K, Hasegawa Y, Hiraki A, Kawase T, 

Tanaka H, et al. Anthropometric factors at age 20 years and risk of 

thyroid cancer. Cancer Causes Control. 2008;19(10):1233-42. 

131. Dal Maso L, La Vecchia C, Franceschi S, Preston-Martin S, 

Ron E, Levi F, et al. A pooled analysis of thyroid cancer studies. V. 

Anthropometric factors. Cancer Causes and Control 2000;11. 

132. Shin A, Cho S, Jang D, Abe SK, Saito E, Rahman MS, et al. 

Body Mass Index and Thyroid Cancer Risk: A Pooled Analysis of 

Half a Million Men and Women in the Asia Cohort Consortium. 

Thyroid®. 2021;32(3):306-14. 

133. Roberts DL, Dive C, Renehan AG. Biological Mechanisms 

Linking Obesity and Cancer Risk: New Perspectives. Annual Review 

of Medicine. 2010;61(1):301-16. 

134. Amiri M, Mousavi M, Azizi F, Ramezani Tehrani F. The 

relationship of reproductive factors with adiposity and body shape 

indices changes overtime: findings from a community-based study. 

J Transl Med. 2023;21(1):137. 

135. Lake JK, Power C, Cole TJ. Women's reproductive health: 

the role of body mass index in early and adult life. International 

Journal of Obesity. 1997;21:432±8. 

136. Newby PK, Dickman PW, Adami HO, Wolk A. Early 

anthropometric measures and reproductive factors as predictors of 

body mass index and obesity among older women. Int J Obes 

(Lond). 2005;29(9):1084-92. 

 



１３０ 

 

Abstract in Korean 
 

 

연구 배경: 갑상선암은 전 세계적으로 흔한 내분비계 악성 종양이며, 

성별 간 발생률 차이가 크게 나타난다. 남성보다 여성에서 갑상선암 

발생률이 약 3배 높으며, 특히 가임기 연령의 여성이 갑상선암 발생에 

취약하다. 갑상선암 병리와 관련하여 여성 호르몬의 작용이 갑상선암 발생 

기전으로서 언급되고 있지만, 생식 요인(reproductive factor)의 영향력에 

대해서는 명확히 밝혀진 바가 없다. 갑상선암 발생 위험과 여성 생식 요인 

간의 연관성에 대한 선행 연구들의 결과가 서로 일치하지 않다. 이는 각 

연구들의 제한된 검정력과 연구 설계 및 특성 차이에서 기인하였을 

가능성이 있다. 특히, 아시아 국가의 생식 연령 여성 대상 인구 기반 전향적 

연구가 부족하므로, 아시아 여성의 생식 요인 작용에 따른 갑상선암 발생 

위험 해석에 있어 제약이 따른다. 

연구 목표: 본 연구는 대규모 아시아 여성을 대상으로, 여성의 생식 및 

호르몬 요인과 갑상선암 발생 간의 연관성을 평가하였다. 추가적으로, 

갑상선암 중 조직학적으로 가장 흔한 유두상 갑상선암(papillary thyroid 

cancer)과 여성의 생식 및 호르몬 요인 연관성을 탐색하였다. 더 나아가, 

흡연 여부 및 체질량지수(BMI, body mass index), 국가, 출생 연도, 

갑상선암 진단 시 연령에 따른 생식 요인과 갑상선암 발생 위험 연관성 

차이를 탐구하였다. 

연구 방법: 아시아 코호트 컨소시엄에 참여한 코호트 중, 여성 생식 

요인과 갑상선암 발생 정보 제공에 동의한 10개 코호트의 개인 수준 연구 

자료를 사용하여 통합분석을 수행하였다. 생식 및 호르몬 요인은 초경 연령, 

출산 경험, 분만/자녀 수, 초산 연령, 모유 수유 경험, 폐경 여부, 폐경 연령, 

경구 피임약 복용 및 호르몬 대체요법 경험여부, 자궁 절제 여부로 

정의하였다. 갑상선암 발생 여부는 국제질병분류 10차 개정판(ICD-10)의 

‘C73’을 사용하여 각 코호트별 국가 암등록자료와 연계 후 식별되었다. 

갑상선암의 조직학적 분류는 종양학 국제질병분류 3차 개정판(ICD-O-

3)에 기반하여 진행되었다. 교란요인으로 흡연 여부, 음주 여부, 

BMI(kg/m2)를 보정하였다. 연구대상자 선정시 1) 남성 또는 성별 정보가 

없는 경우, 2) 연령 정보가 없는 경우, 3) 출산 경험/출산 횟수 정보가 없는 

경우, 4) 코호트 입적 이전에 갑상선암 진단 이력이 있는 경우 또는 

갑상선암 진단∙발생 추적 정보가 누락되었거나 유효하지 않은 경우를 
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제외하였다. 

통계 분석: 기술 통계량은 각 코호트의 특성을 요약하기 위해 

사용되었다. 생식 요인과 갑상선암 발생 위험 연관성 평가를 위하여, 각 

참여 코호트의 생식 요인에 대한 Cox 비례 위험 회귀 모형으로 

위험도(HR)와 95% 신뢰구간(CIs)을 추정하였다. 시간 척도로서 연령을 

사용하였으며, 입적 연령부터 갑상선암 발생 또는 사망, 각 코호트 추적 

관찰 종료일까지의 인년(person-years)을 계산하였다. 또한, 잠재적 

교란요인에 대하여 보정하였다. 비례 위험 가정은 Schoenfeld 잔차를 

이용하여 평가하였다. 갑상선암 발생 위험에 대한 생식 요인 변수의 

선형추세 통계적 유의성을 조사하였고, 각 코호트의 위험도 통합 분석은 

무작위 효과 모형으로 수행하였다. 코호트간 이질성은 Cochran의 Q-

검정과 I2 통계량으로 평가하였다. 출생 연도와 국가, 흡연 여부, BMI별 

층화 분석을 수행하여 해당 요인에 따른 생식 및 호르몬 요인과 갑상선암 

발생 위험 간의 연관성에 차이가 있는지 관찰하였다. 상호작용의 유의성은 

우도비 검정을 통하여 상호작용에 대한 p-값으로 평가하였다. 갑상선암 

진단 시 연령별(<55세, 55세≤) 생식 요인에 따른 갑상선암 발생 위험 

분석을 추가로 실시하였다. 

연구 결과: 최종 연구대상자는 본 연구에 참여를 동의한 10개의 

코호트로부터 289,707명의 여성으로 선정되었다. 본 연구에 포함된 

코호트는 각 일본 7개(JPHC1, JPHC2, JACC, Miyagi, 3pref. Miyagi, 

Ohsaki, LSS), 한국 2개(KMCC, KNCC), 중국 1개(SWHS)이었다. 

SWHS 코호트에서 가장 많은 대상자(74,930명), KMCC 코호트에서 가장 

적은 대상자(11,423명)가 본 연구에 포함되었다. 코호트 입적 

평균(표준편차)연령은 54(10.6)세이었다. 일본 코호트는 주로 연령대가 

높은 편이었으며, 한국과 중국 코호트는 상대적으로 연령대가 낮았다. 전체 

연구대상자에서 흡연자는 총 7%(20,230명), 음주자는 총 

19%(56,091명)이었다. 입적 시 BMI 평균(표준편차)은 

23.4(6.4)kg/m2이었다. 평균(표준편차) 17.2(6.6)년의 추적 관찰 결과, 

총 1,519명의 갑상선암 환자가 발생하였다. KNCC 코호트(421명)와 

SWHS 코호트(306명)에서 가장 많은 갑상선암 환자가 발생하였다. 

갑상선암 환자의 코호트 입적 시 평균(표준편차) 연령 은 50.6(9.7)세, 

갑상선암 진단 시 연령은 60.2(12.5)세이었다. 총 1,519명 갑상선암 환자 

중 조직학적 분류 정보가 있는 환자는 1,294명이었으며, 이 중 

88%(1,140명)가 유두상 갑상선암 유형이었다. LSS 코호트의 경우, 생식 
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요인과 조직학적 분류 정보가 다수 누락되어 주요 분석에서 제외하였다.   

초산 연령이 높을수록(≥26세 vs 21-25세) 갑상선암 발생 위험이 

유의하게 증가하였다[HR 1.16 (95% CI 1.03-1.31), p-trend 0.003]. 

자녀 수, 모유 수유 경험, 폐경, 폐경 연령은 갑상선암 발생 위험 증가와 

연관성이 관찰되었으나, 통계적으로 유의하지 않았다. 초경 연령, 출산 

경험, 경구피임약 복용, 호르몬 대체요법 경험은 갑상선암 발생 위험과 

유의한 연관성이 없는 것으로 나타났다. 유두상 갑상선암 발생에 있어서도 

비슷한 연관성이 관찰되었다. 갑상선암 진단 시 연령별 분석 결과, 55세 

이후 갑상선암 진단을 받은 경우 높은 초산 연령은 갑상선암 발생 위험 

증가와 유의한 연관성 [HR 1.19(95% CI: 1.02-1.39), p-

trend=0.003]을 가지었다. 국가별 층화 분석 결과, 분만/자녀 수와 갑상선 

암 발생 위험 간의 유의한 상호 작용이 관찰되었다(p-

interaction=0.002). 한국의 경우 분만/자녀 수가 많을수록 유의한 양의 

연관성[HR 1.89 (95% CI 1.21-2.94), p-trend 0.0008 (≥5명 vs 1-

2명)]이 관찰된 반면, 일본과 중국에서는 유의하지 않은 음의 연관성이 

관찰되었다. 출생 연도에 따라 분만/자녀 수와 갑상선 암 발생 위험 간의 

연관성이 크게 달랐다(p-interaction=0.002). 1950년대 또는 그 이후 

출생한 여성에서 분만/자녀 수가 증가함에 따라 갑상선암 발생 위험이 

유의하게 증가하는 경향성[HR 2.40 (95% CI 1.12-5.18), p-trend 

0.0001 (≥5명 vs 1-2명)]을 보였으나, 그 이전에 태어난 경우 유의한 

경향성이 없었다. 

결론: 본 연구는 아시아 여성의 생식 요인과 갑상선암 발생 위험 간의 

연관성을 탐구한 최초의 대규모 통합분석이다. 본 연구 결과, 초산 연령이 

높아질수록 갑상선암 발생 위험이 유의하게 증가하였다. 이는 출산 시기가 

늦어지는 사회적 현상에 따라 의료 서비스 제공자들에게 도전과제로서 

대두된다. 분만/자녀 수와 갑상선암 발생 위험 간의 연관성에 대하여 

국가별 다른 패턴을 보였으며, 한국은 유의한 양의 연관성을 가지었다. 

주로 한국인으로 구성된 후기 출생 연도 코호트에서도 분만/자녀 수가 

많을수록 갑상선암 발생 위험이 증가하는 것으로 나타났다. 이는 한국 

여성의 분만/자녀 수와 갑상선암 발생 위험 간의 일관된 연관성을 

뒷받침한다. 본 연구는 기존 연구 결과의 간극을 줄이고, 아시아 여성의 

생식 요인과 갑상선 암 발생 위험 간의 연관성에 대한 주요한 통찰력을 

제공함에 의의가 있다. 또한, 생식 요인과 갑상선암 발생 간의 연관성을 

더욱 포괄적으로 탐색하기 위하여, 국가 및 출생 연도, 갑상선암 진단 시 
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연령까지 분석에 고려하였음을 강조하고자 한다. 여성의 갑상선암 관리 

향상을 위하여 위험요인으로서 생 식 및 호르몬 요인에 대한 추후 연구가 

중요하다. 

 

 

키워드: 전향적 연구 통합분석, 갑상선암 발생률, 생식 요인, 아시아 코호트 

컨소시엄. 국가별, 출생 연도 

학번: 2021-23035 
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Appendix  
 

 

Supplementary tables 
 

Supplementary Table 1: Questionnaire items of the reproductive variables from each cohort  

 SWHS JHPC1 JHPC2 JACC Miyagi Ohsaki LSS 
3 Pref 
Miyagi 

Takayama KMCC KNCC  Namwon SCHS 

Pregnancy 
status 

Date when 
pregnancy 
ended 
(year / 
month) 

       

Have you 
ever been 
pregnant? 
No / Yes 

Have you 
ever 
been 
pregnant
? No / 
Yes / Do 
not know 

 

Have you 
ever been 
pregnant? 
No / Yes 

Have you 
ever been 
pregnant? 
No / Yes 

Age at first 
delivery/ 

pregnancy 

Date when 
pregnancy 
ended 
(year / 
month) 

At what 
age was 
your first 
pregnancy
? __years 
old 

At what 
age was 
your first 
pregnancy
? __years 
old 

Age at first 
live birth 

  

At what 
age was 
your first 
pregnancy? 
__years old 
/ At what 
age was 
your first 
delivery? 
__years old 

 

How old 
were you at 
your first 
pregnancy? 
Age=<14 / 
15-17 / 18-
20 / 21-25 / 
26-30 / 31-
35 / 36=< 

How old 
were you 
at your 
first 
pregnanc
y? Age__ 
/ Do not 
know 

What is 
the age at 
first 
pregnancy
? 

How old 
were you 
at your 
first 
pregnancy
? Age__ 

 

Number of 
deliveries/ 

pregnancies 

How many 
times have 
you been 
pregnant? 

In total, 
how many 
pregnancie
s have you 
had? __ 
times 

In total, 
how many 
pregnancie
s have you 
had? __ 
times 

Number of 
times you 
have been 
pregnant/
Number of 
times you 
have given 
birth 

How many 
times have 
you been 
pregnant? 
__ times 

How many 
times have 
you been 
pregnant? 
__ times 

How many 
times have 
you been 
pregnant? 
__ times 

   
Age in 
years / Do 
not know 
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Breastfeeding 

If you 
breast fed 
the baby, 
how many 
months 
you nursed 

Did you 
breastfeed 
your 
children? 
No / Yes 

Did you 
breastfeed 
your 
children? 
No / Yes 

 

What kind 
of feeding 
method 
did you 
use? 
Breast milk 
only / 
Artificial 
nutrition 
(milk) only 
/ a 
combinatio
n (or both) 

What kind 
of feeding 
method 
did you 
use? 
Breast milk 
only / 
Artificial 
nutrition 
(milk) only 
/ a 
combinatio
n (or both) 

How many 
children 
did you 
breastfeed
? / Artificial 
nutrition 
(milk) only 
/ a 
combinatio
n (or 
both)? 
How long 
did you 
breastfeed 

  

Have you 
ever 
breastfe
d? No 
/Yes 

 

Have you 
ever 
breastfed? 
No /Yes 

 

Age at 
menarche 

At what 
age did 
you have 
your first 
period 
(menarche
) (please 
fill in your 
actual 
age): 
___years 
old 

How old 
were you 
when you 
first 
started 
menstruat-
ing? 
__years 
old 

How old 
were you 
when you 
first 
started 
menstruati
ng? 
__years 
old 

Age when 
menstrual 
periods 
started 

How old 
were you 
when you 
had your 
first 
period? __ 
years of 
age 

How old 
were you 
when you 
had your 
first 
period? __ 
years of 
age 

How old 
were you 
when you 
had your 
first 
period? __ 
years of 
age 

At what 
age did 
menstruat
ion begin 
(first 
menstruat
ion) full __ 
years of 
age 

How old 
were you 
when you 
had your 
first 
menstrual 
period? 
Age=< 10 
years / 11-12 
years / 13-14 
years / 15-16 
years / 17 
years =< 

When 
did you 
have 
your first 
menstru
at-ion? 
Age__ / 
Do not 
know / 
No 

What is 
the age at 
first 
childbearin
g?  

When did 
you have 
your first 
menstruat-
ion? Age__ 
/ No 

How old 
were you 
when you 
had your 
first 
menstrual 
period? 
Less than 
11 years / 
11-12 
years / 13-
14 years / 
15-16 
years / 17 
years or 
more 

Menopausal 
status 

Do you still 
have 
periods? 
Yes/no 

Do you still 
menstruat
e? Yes / 
Natural 
menopaus
e / 
Artificial 
menopaus
e 

Do you still 
menstruat
e? Yes / 
Natural 
menopaus
e / 
Artificial 
menopaus
e 

Age of 
menopaus
e 

Do you 
menstruat
e (have 
menses) 
currently? 
Yes / I 
Have had 
menopaus
e 
(naturally) 
/ I Have 
had 

Do you 
menstruat
e (have 
menses) 
currently? 
Yes / I 
Have had 
menopaus
e 
(naturally) 
/ I Have 
had 

 

Is 
menstruat
ion still 
continuing
? Yes / No 

Is 
menstruatio
n still 
continuing? 
Yes / No 

When 
did you 
have 
your 
menopa
use? 
Age___ / 
Do not 
know / 
doesn't 
apply 

Age in 
years / Do 
not know 

Do you still 
menstruat
e? No, 
menopaus
e, age__ / 
Yes 

Have your 
menstrual 
periods 
stopped 
permanent
ly? No / 
Yes 



１３６ 

 

menopaus
e 
(surgically) 

menopaus
e 
(surgically) 

Age of 
menopause 

What was 
the date of 
your last 
period? 
19__year 
__month 

If you are 
no longer 
menstruat
e, how old 
were you 
when 
menopaus
e began? 
__years 
old 

If you are 
no longer 
menstruat
e, how old 
were you 
when 
menopaus
e began? 
__years 
old 

Age of 
menopaus
e 

Around 
what age 
were you 
when you 
had 
menopaus
e? __years 
of age 

Around 
what age 
were you 
when you 
had 
menopaus
e? __years 
of age 

What age 
were you 
when you 
had 
menopaus
e? __years 
of age / 
Not 
applicable 

Did it stop 
naturally? 
Yes (full 
__years of 
age) / No 
(full 
__years of 
age) 

If you are no 
longer 
menstruate, 
how old 
were you 
when 
menopause 
began? 
Age=<39 / 
15-17 / 18-
20 / 21-25 / 
26-30 / 31-
35 / 36=< 

When 
did you 
have 
your 
menopa
use? 
Age___/ 
Do not 
know/ 
doesn't 
apply 

 

Do you still 
menstruat
e? No, 
menopaus
e, age__ / 
Yes 

How old 
were you 
when this 
happened? 
Less than 
40 years / 
40-44 
years / 45-
59 years / 
50-54 
years / 55 
years or 
more 

OC use status 

Have you 
ever taken 
OC? Yes / 
No 

Have you 
ever taken 
female 
hormone 
drugs? No 
/ Yes 

Have you 
ever taken 
hormone 
therapy for 
dysmenorr
h-ea, 
contracept
-ion or for 
menopaus
al 
problems? 

 

Have you 
ever used 
contracept
-ive 
medication
s? No / Yes 

Have you 
ever used 
contracept
-ive 
medication
s? No / Yes 

   

Have you 
ever 
used OC? 
No / Yes 

What is 
the age at 
first 
delivery? 

Have you 
ever used 
OC? No / 
Yes 

Did you 
ever take 
birth 
control 
pills for 
one month 
or longer? 
No / Yes 
and I am 
currently 
taking 
them / Yes 
but I no 
longer take 
them 

Duration of OC 
use 

How long 
did you 
take/have 
you been 
taking OC? 
__year/ 
__month 

   

Have you 
ever used 
contracept
-ive 
medication
s? No / Yes 
(The time 
period 
__months 
or __ 
years) 

Have you 
ever used 
contracept
-ive 
medication
s? No / Yes 
(The time 
period 
__months 
or __ 
years) 

   

How long 
have you 
been 
using? 
__year 
__month 
/ Do not 
know 

Age in 
years / Do 
not know 

How long 
have you 
been 
using? 
__year 
__months 

How many 
years did 
you take 
them in 
total? Less 
than one 
year / 1-2 
years / 3-5 
years / 6-9 
years /10-
14 years / 
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15-19 
years / 20 
years or 
more 

HRT status 

Have you 
ever used 
female 
hormones 
to treat 
climacteric 
melancholi
a, sterility, 
mulleriosis
, acne, etc? 
Yes / No 

Have you 
ever taken 
female 
hormone 
drugs? 
No/Yes 

Have you 
ever taken 
hormone 
therapy for 
dysmenorr
h-ea, 
contracept
-ion or for 
menopaus
al 
problems? 

Have you 
ever used 
sex 
hormone 
agents? 

Have you 
ever used 
female 
hormones 
other than 
contracept
-ive 
medication
s? Yes / No 

Have you 
ever used 
female 
hormones 
other than 
contracept
-ive 
medication
s? Yes / No 

  

Have you 
ever taken 
female 
hormones 
by pill or 
injection for 
menopausal 
disorder or 
other 
reasons? No 
/ Yes still 
currently / 
Yes but not 
currently 

Have you 
ever 
taken 
female 
hormone
s by pill, 
injection, 
or patch 
for 
menopa
use or 
other 
reasons? 
No / Yes 
still 
currently 
/ Yes but 
not 
currently 

What is 
the total 
number of 
pregnancie
s? 

Have you 
ever taken 
female 
hormones 
by pill, 
injection, 
or patch 
for 
menopaus
e or other 
reasons? 
No / Yes 

Did you 
ever take 
estrogens 
(female 
hormones) 
by pill, or 
injections, 
for one 
month or 
longer for 
menopaus
e or other 
reasons? 
Don’t 
know or 
No / Yes 
and I am 
currently 
taking 
them / Yes 
but I no 
longer take 
them 

Hysterectomy 
status 

Hysterect-
omy? Yes / 
no 

   

Have you 
ever had 
abdominal 
surgery? 
Yes / No  

Have you 
ever had 
abdominal 
surgery? 
Yes / No  

  

Have you 
ever had a 
hysterect-
omy? No / 
Yes 

Have you 
ever had 
a 
hysterect
-omy? 
No / Yes 
age __ or 
__years 
ago 

Did you do 
breast 
feeding? 

Have you 
ever had a 
hysterect-
omy? No / 
Yes age 
(___) 

Have you 
ever had a 
hysterect-
omy? No / 
Yes 
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Supplementary Table 2: Histological subtypes of thyroid cancer based on ICD-O-3 codes available from cohorts 

Papillary  Medullary Follicular Anaplastic Specified Unspecified  

8050 8345 8290 ≥8020≤8030 8337 ≥8000≤8005 
8260 8510 8330-35  8346-47  
8340-44 8511-13     
8350      
8450-60      

      

Supplementary Table 3: Different categorizations of BMI and its associations with incident thyroid cancer  

 HR (95% CI) p value 

BMI (East)*   

Underweight <18.5 1.08 (0.84-1.39) 0.56 

Normal 18.5–22.9 reference 

Overweight 23.0–24.9 1.16 (1.02-1.32) 0.02 

Obese ≥25 1.22 (1.08-1.38) 0.002 

BMI (West)**   

Underweight <18.5 1.03 (0.80-1.32) 0.84 

Normal 18.5–24.9 reference 

Overweight 25.0–29.9 1.19 (1.06-1.34) 0.004 

Obese ≥30 0.88 (0.66-1.21) 0.42 

* BMI categorized using categories recommended by the WHO for adult Asians 

** BMI categorized using categories recommended by the WHO for adults 

BMI – body mass index (kg/m2) 

HR – Hazard ratio, CI - confidence interval 

p-values indicated in bold show significant association. 
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Supplementary Table 4: Sensitivity analyses  

Using menopausal status to make groups of women according to baseline age 

Cohort 
Females aged younger than 54 years Females aged 54 years and older 

Number of women Number of TC cases Person years at risk Number of women Number of TC cases Person years at risk 

Total 110,152 723 2,093,403 179,555 796 2,879,182 

China       
SWHS 37,106 192 665,235 37,824 114 634,005 

Japan       
JPHC1 9,652 63 209,662 11,813 45 251,088 
JPHC2 9,016 31 170,796 18,699 46 337,272 
JACC 11,726 26 210,663 33,933 63 532,437 

Miyagi 9,029 58 204,437 13,808 109 301,050 
Ohsaki 3,912 9 42,860 18,279 48 199,423 

LSS 13,992 79 409,523 16,066 87 292,453 
3pref. Miyagi 4,773 7 57,539 11,751 20 136,383 

Korea       
KMCC 2869 35 46262 8,554 66 119,233 
KNCC 8,077 223 76,410 8,828 198 75,838 

 

 Number of TC cases Person years  HRa (95% CI)  HRb (95% CI)  

Females aged younger than 54 years 723 2,093,403 1.00 (0.86-1.17) 1.01 (0.87-1.19) 

Females aged 54 years and older 796 2,879,182 reference reference 

HRa – Cox proportional hazard model adjusted for baseline age, HRb – Cox proportional hazard model additionally 

adjusted for smoking status, alcohol drinking status and BMI 
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Supplementary figures 
 

Supplementary Figure 1: Global cancer incidence - Thyroid cancer 

ranks 9th   

 

  
Source: GLOBOCAN, IARC https://gco.iarc.fr/today/     

 

 

 

Supplementary Figure 2: Thyroid cancer incidence among 

continents 

 

 
Source: GLOBOCAN, IARC https://gco.iarc.fr/today/     

https://gco.iarc.fr/today/
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Supplementary Figure 3: Global cancer incidence in females aged 

25-44 years    

 
Source: GLOBOCAN, IARC https://gco.iarc.fr/today/    
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Supplementary Figure 4: Forest plot for the pooled HRs and CIs for 

age at menarche and thyroid cancer risk, overall 
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Supplementary Figure 5: Forest plot for the pooled HRs and CIs for 

age at first delivery and thyroid cancer risk, overall 

 

 

 

Supplementary Figure 6: Forest plot for the pooled HRs and CIs for 

parity status and thyroid cancer risk, overall 
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Supplementary Figure 7: Forest plot for the pooled HRs and CIs for 

number of children/deliveries and thyroid cancer risk, overall 
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Supplementary Figure 8: Forest plot for the pooled HRs and CIs for 

breastfeeding status and thyroid cancer risk, overall 

 

 

 

 

Supplementary Figure 9: Forest plot for the pooled HRs and CIs for 

postmenopausal status and thyroid cancer risk, overall 
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Supplementary Figure 10: Forest plot for the pooled HRs and CIs 

for age at menopause and thyroid cancer risk, overall 
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Supplementary Figure 11: Forest plot for the pooled HRs and CIs 

for oral contraceptive use and thyroid cancer risk, overall 

 

 

 

 

Supplementary Figure 12: Forest plot for the pooled HRs and CIs 

for hormone replace therapy use and thyroid cancer risk, overall 
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Supplementary Figure 13: Forest plot for the pooled HRs and CIs 

for age at first delivery and thyroid cancer risk, stratified by BMI 
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