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Abstract

Background: Thyroid cancer is diagnosed at relatively young ages compared to most other
malignancies, and the incidence is higher in females than males beginning in early adolescence.
However, few /n utero and early-life risk factors have been identified.

Methods: Using population-based registry data from four Nordic countries, we conducted a
nested case-control study of thyroid cancer risk in offspring in relation to maternal medical history,
preghancy complications, and birth characteristics. Each thyroid cancer case was matched with up
to ten controls on birth year, sex, country, and county of birth. Conditional logistic regression
models were used to calculate odds ratios (ORs) with 95% confidence intervals (CIs).
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Results: Of the 2,437 cases, 81% were papillary carcinomas, 77% were female, and 57% were
diagnosed before age 30 (range: 0-48 years). Higher birth weight (OR per kg=1:-14, 95% ClI
1.05-1-23), congenital hypothyroidism (OR=4-55, 95% CI 1.58-13.1), and maternal diabetes
before pregnancy (OR=1-69, 95% CI 0-98-2-93), postpartum hemorrhage (OR=1-28, 95% CI
1.06-1.55), and (from registry data in Denmark) maternal benign thyroid disease before/during
pregnancy (hypothyroidism, OR=18.1, 95% CI 10-5-31.2; hyperthyroidism, OR=11.9, 95% Cl
6-80-20'9; goiter, OR=67-4, 95% CI 39-9-114; and benign neoplasms, OR=22-5, 95% ClI
6-93-73.1) were each positively associated with risk of thyroid cancer in offspring.

Interpretation: /n utero exposures, particularly those related to maternal thyroid disorders, may
have a long-term influence on thyroid cancer risk in offspring.

Funding: Intramural Research Program of the National Cancer Institute, National Institutes of
Health.

INTRODUCTION

Over the past few decades, the incidence of thyroid cancer has increased substantially in all
regions of the world, including the Nordic countries.1:2 While much of the increase has been
attributed to more widespread use of diagnostic ultrasonography and fine-needle aspiration
biopsy, environmental and hormonal exposures also may have contributed.? Thyroid cancer
is now the fifth leading cancer diagnosis among women worldwide and the second most
common cancer among women under age 40.3 The higher female-to-male sex ratio for
thyroid cancer, with an age-standardized incidence of 7.3/100,000 women versus
2.6/100,000 men in the Nordic countries (2012-2016), is apparent beginning in adolescence
and peaks during the reproductive years (ages 15-44).14 The unusual age at diagnosis and
sex patterns for thyroid cancer incidence remain largely unexplained, with epidemiologic
studies providing conflicting evidence on the relationship between hormonal and
reproductive factors (e.g. parity, age at menarche and menopause, exogenous hormone use)
and risk of thyroid cancer in women.2# However, these surrogate indicators may not capture
the specific hormonal exposures or critical exposure time window for thyroid cancer
development and progression.24

To date, the only established modifiable risk factors for thyroid cancer are obesity and
childhood exposure to ionizing radiation, with evidence suggesting stronger associations for
younger versus older ages at exposure.>:8 Some studies have suggested a possible
association between increased risk of thyroid cancer and /n utero exposure to ionizing
radiation, maternal diagnosis of hyperemesis gravidarum, and birth weight.”-10 Studying the
role of the intrauterine environment in thyroid cancer development is challenging because it
requires large study populations and complete and long-term follow-up of individuals from
young ages until thyroid cancer onset. Accurate exposure information is desirable, but it is
rarely feasible to collect direct measurements of exposure to the developing fetus, and self-
reported exposure information is subject to recall and misclassification bias. Population-
based medical registries offer a unique opportunity to study the relationship between in utero
exposures and long-term risks of cancer, while overcoming many of the challenges described
above.4
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To gain additional insight about the role of intrauterine exposures in thyroid cancer etiology,
we conducted a pooled nested case-control analysis of linked population-based registry data
from four Nordic countries. In this study, we explored the associations for a wide range of
perinatal characteristics, pregnancy complications, and birth outcomes, with thyroid cancer
risk in offspring.

METHODS
Study population

We combined information on thyroid cancer from the national cancer registries in Denmark,
Finland, Norway, and Sweden with information on maternal and offspring characteristics
retrieved from the national medical birth registries (MBRs). The Nordic countries provide
mainly publicly funded and organized health care.11 The cancer registries cover the entire
population in Denmark, Finland, Norway and Sweden starting in 1943, 1953, 1953 and
1958, respectively, while the MBRs contain information on all births since 1973, 1987, 1967
and 1973, respectively. The Nordic cancer registries and MBRs offer high-quality, and
virtually complete, nationwide coverage of cancer diagnoses and births.11-13 The Nordic
MBRs include electronically recorded data obtained from standardized forms that are highly
similar across the four countries and completed shortly after birth by the attending
healthcare provider, documenting maternal health prior to pregnancy, during pregnancy, and
at birth, in addition to selected offspring and birth outcomes. Additional linkages with the
National Patient Registries (NPRs) in Sweden (since 1964) and Denmark (since 1977) were
used to provide additional data on maternal (Denmark only) and offspring (Sweden and
Denmark) diagnoses. Linkages of individual-level data across the registries were conducted
using unique identification numbers provided to all citizens of the four countries.

This study was approved by the ethical committees in Norway and Sweden. In Denmark, the
study was approved by the Data Protection Agency. In Finland, we obtained permission to
use health registry and population data from the Finnish Institute for Health and Welfare and
the Digital and Population Data Services Agency after approval by the data protection
authority.

Case and control selection

Included were all thyroid cancer cases identified among individuals with recorded births in
the four MBRs. Thyroid cancer cases were individuals diagnosed with first primary thyroid
cancer (International Statistical Classification of Diseases and Related Health Problems
[ICD]-10 C73 or the equivalent) in Denmark (1973-2015), Finland (1987-2015), Norway
(1967-2015), or Sweden (1973-2015) (Supplementary Table 1). ICD-O-3 morphology codes
were used to classify cases as papillary (8050, 8260, 8340-8344, 8350, 8450-8460),
follicular (8290, 8330-8335), medullary (8345, 8510-8513), and anaplastic (8020-8035)
carcinoma. In general, ten controls identified from the MBRs were sampled for each case,
matched on country of residence, birth year, sex, and county of birth. Excluded were cases
and controls with a previous diagnosis of cancer other than non-melanoma skin cancer, at
the time of thyroid cancer diagnosis of the case (T0). Both cases and controls had to be alive
and residing in the country of birth as of TO.
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MBR-derived variables included calendar year of birth, maternal age at birth, maternal
marital status, birth order, multiple versus singleton birth, birth weight and length, and small/
large for gestational age (SGA/LGA; weight by mean gestational age +2 standard
deviations!4), preterm birth, delivery type (Cesarean, vaginal), and maternal pregnancy
complications (hyperemesis, pregnancy anemia, placental abruption, placenta previa, pre-
eclampsia/eclampsia, postpartum hemorrhage). Information on maternal smoking early
and/or late in pregnancy was available in Denmark, Finland, Norway, and Sweden since
1991, 1987/1990, 1999, and 1982/1999, respectively, but largely incomplete. Pre-pregnancy
body mass index (BMI) was incomplete and available mainly in Sweden. Offspring
diagnoses of congenital hypothyroidism and neonatal jaundice were captured in the first year
after birth. Data on maternal diagnoses of benign thyroid diseases were complete only in
Denmark (see Supplementary Table 1 for codes).

Statistical analysis

We used conditional logistic regression models to calculate odds ratios (ORs) with 95%
confidence intervals (Cls) for associations of maternal diagnosis of thyroid disease (prior to
and during pregnancy), pregnancy complications, and birth outcomes with thyroid cancer
risk in offspring, conditioned on matching variables. Additional adjustments were made for
birth order. Analyses also were conducted separately by sex, urban (defined by counties that
included a capital city) versus rural areas, birth year (<1986, =1986), calendar year of
diagnosis (<2005, =2005), histologic type of thyroid cancer, and stage at thyroid cancer
diagnosis (localized versus regional/distant). Models for papillary and follicular carcinomas
were further stratified by age at diagnosis (<30, =30 years).

Role of the funding source

The funder had no role in the study design, data collection, data analysis, or data
interpretation. DSD and TB had access to the raw data. The corresponding author had final
responsibility for the decision to submit for publication.

RESULTS

In total, 2,437 first primary thyroid cancer cases and 24,362 matched controls were
identified from the registries (Table 1). The breakdown of cases by histologic type (81%
papillary, 12% follicular, 6% medullary, <1% anaplastic) was similar by country, although
Denmark included a slightly lower proportion of papillary (77%) and slightly higher
proportion of follicular (16%) carcinomas. Most cases were diagnosed in females (77%) and
before age 30 (57%). The mean age at diagnosis was 27-5+8.7 years; cases were generally
younger in Finland due to more recent establishment of the MBR.

Risk of thyroid cancer in offspring was associated with birth weight (OR per kg=1:14, 95%
Cl 1-05-1-23), maternal pre-pregnancy diabetes (OR=1:69, 95% CI 0-98-2-93), postpartum
hemorrhage (OR=1.28, 95% CI 1.06-1-55) (Table 2). These results did not materially change
with additional adjustment for birth order, and mutual adjustment of birth weight and
maternal history of diabetes had almost no influence on those results (data not shown). In
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Denmark, maternal diagnosis of benign thyroid diseases prior to or during pregnancy was
associated with increased risk of thyroid cancer in offspring, with ORs of 18-1 (95% ClI
10-5-31.2 for hypothyroidism, 11-9 (95% CI 6-80-20-9) for hyperthyroidism, 67-4 (95% CI
39:9-114) for goiter, and 225 (95% CI 6-93-73-1) for benign thyroid neoplasms (Figure). Of
the neonatal conditions evaluated, congenital hypothyroidism was positively associated with
thyroid cancer (OR=4-55, 95% CI 1.58-13-1), based on five exposed cases. In a sensitivity
analysis unrestricted on age at congenital hypothyroidism diagnosis, the association
strengthened slightly (OR=5-33, 95% CI 2:26-12-6), based on 8 exposed cases and 15
exposed controls.

In models stratified by sex (Table 3), birth weight (per kg) was positively associated with
risk of thyroid cancer in both male (116, 95% CI 0-99-1-36) and female (113, 95% ClI
1.03-1-24) offspring. Being born LGA was associated with thyroid cancer risk in males
(OR=1.65, 95% CI 1.00-2-71), but not in females (OR=0-95, 95% CI 0-68-1-32). Maternal
pre-pregnancy diabetes was associated with increased thyroid cancer risk in females
(OR=1-95, 95% CI 1:07-3:55), but not males (OR=0-91, 95% CI 0-21-3-88). Associations
for maternal benign thyroid diseases were driven by females; we could not estimate ORs for
males as all cases were unexposed. Congenital hypothyroidism was positively associated
with thyroid cancer risk in females (OR=3.64, 95% CI 1-16-11-4); case numbers in male
offspring were small.

Results were generally similar by urban versus rural residence, year of birth of the offspring,
and calendar year of thyroid cancer diagnosis (Table 3). The association for birth weight was
stronger among offspring born up to 1985 and those diagnosed with thyroid cancer up to
2004. The association for maternal diabetes was restricted to thyroid cancers diagnosed after
2004 (OR=1-93, 95% CI 1-06-3-50). Associations of maternal hypothyroidism and goiter
were stronger in urban versus rural residents and offspring born up to 1985. Associations of
maternal benign thyroid neoplasms were only observed in rural residents and thyroid cancer
diagnosed after 2004. The association of congenital hypothyroidism was restricted to rural
residents (OR=5.56, 95% CI 1-86-16-6).

In models stratified by histologic type (Table 4), birth weight was positively associated with
risk of both papillary (OR=1-11, 95% CI 1.02-1-21) and follicular (OR=1-38, 95% ClI
1.10-1.75) thyroid carcinoma. In Denmark, maternal diagnosis of hypothyroidism
(OR=25.1, 95% CI 13-5-465), thyroiditis (OR=3.75, 95% CI 0-99-14-1), and benign thyroid
neoplasm (OR=20-0, 95% CI 5-00-80.0) were more clearly positively associated with risk of
papillary than follicular thyroid carcinoma due partly to smaller number of follicular cases.
Maternal hyperthyroidism and goiter were associated with both histologic types, though
ORs were slightly stronger for follicular thyroid carcinoma (17-8, 95% CI 3-22-98.5; 86-4,
95% CI 26-2-285, respectively). The association for postpartum hemorrhage was also
slightly stronger for follicular (OR=1-70, 1-02-2-82) versus papillary (OR=1-20, 95% ClI
0-97-1-49) carcinoma. Neonatal diagnosis of congenital hypothyroidism was associated with
follicular (OR=20:0, 95% CI 1.81-221), but not papillary, carcinoma. Of all the factors
evaluated, risk of medullary carcinoma (n=137) was only associated with preterm birth
(OR=1.94, 95% CI 1-02-3:72; other results not shown). We did not separately evaluate
associations for other thyroid cancer types due to small case numbers.
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Few differences were observed by stage at diagnosis (Table 4). Birth weight and postpartum
hemorrhage were positively associated with risk of thyroid cancer irrespective of stage, and
risk of regional/distant stage thyroid cancer was positively associated with all maternal
thyroid diseases examined. Only localized thyroid cancer was associated with single/
widowed/divorced maternal marital status. Localized thyroid cancer also was more strongly
associated with maternal pre-pregnancy diabetes, maternal hyperthyroidism, and congenital
hypothyroidism. Risk of regional/distant thyroid cancer was higher among cohort members
with maternal hypothyroidism.

Findings were largely similar by offspring age at thyroid cancer diagnosis (<30 vs. =30
years) (Table 5). However, the association for maternal diabetes was restricted to papillary
carcinoma cases diagnosed before age 30 (OR=2-25, 95% CI 1-09-4-63). The association of
maternal hypothyroidism was stronger for papillary carcinoma diagnosed before age 30,
whereas the association of maternal hyperthyroidism was stronger for both papillary and
follicular thyroid cancer diagnosed after age 30. Maternal goiter appeared to be more
strongly associated with papillary and follicular thyroid carcinoma diagnosed after age 30.
There was limited power to evaluate these factors in relation to thyroid cancer diagnosed
before age 20.

In sensitivity analyses restricted to cases and controls from Sweden for whom data were
available, adjustment for smoking information during pregnancy (324 cases; 3,290 controls)
and pre-pregnancy BMI (246 cases; 2,456 controls) had almost no influence on the
magnitude of the associations (data not shown).

DISCUSSION

We pooled nationwide population-based registry data from four Nordic countries to evaluate
a maternal medical history, pregnancy complications, and birth characteristics in relation to
risk of thyroid cancer in offspring. Maternal benign thyroid conditions diagnosed before or
during pregnancy were strongly associated with thyroid cancer risk in offspring, with ORs
ranging from >3 (for maternal thyroiditis and risk of papillary carcinoma) to >80 (for goiter
and risk of follicular carcinoma). These findings were only evident in female offspring due
to the lack of exposed male cases and were similar for thyroid cancers diagnosed before and
after age 30. Modest positive associations were observed for birth weight, maternal history
of diabetes, and maternal postpartum hemorrhage, while an inverse association with risk was
found for birth order, apart from the highest category (five or more). Congenital
hypothyroidism was strongly associated with follicular thyroid carcinoma (OR=20).
Together, these findings generate new hypotheses regarding two unique features of thyroid
cancer compared to other malignancies—the relatively young age at onset and the higher
incidence of the disease in women compared to men—and provide additional insights into
the role of early-life exposures in thyroid cancer etiology.

Our study is the first, to our knowledge, to evaluate maternal thyroid diseases in relation to
thyroid cancer risk in offspring. The associations were strong in magnitude and consistent
with previously observed associations of maternal thyroid disease in pregnancy with thyroid
function in adolescent offspring,® and associations of benign thyroid conditions with
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increased risk of subsequent thyroid cancer.18 Thyroid diseases are more common in women
than men and often manifest for the first time during pregnancy due to the substantial
physiological, hormonal, and immunological changes that occur over the course of gestation,
resulting in additional stress on the thyroid and contributing to changes in thyroid hormone
levels.} In iodine sufficient regions, undiagnosed hypothyroidism is prevalent in about
2-3% of pregnancies, most commonly due to Hashimoto’s thyroiditis (an autoimmune
condition), while the prevalence of undiagnosed hyperthyroidism in pregnancy ranges from
about 0-1-1-0%.17 As iodine is essential for thyroid hormone synthesis, severe iodine
deficiency contributes to the development of maternal (and fetal) hypothyroidism, as well as
other benign thyroid conditions, such as simple and nodular goiter, due to increased
production of thyroid stimulating hormone (TSH).1” Maternal dietary iodine requirements
are increased during pregnancy due to increased maternal thyroid hormone synthesis,
increased renal iodine losses, and some transfer of iodine to the fetus.1® Residing in a region
characterized by mild-to-moderate iodine deficiency (e.g. Denmark, prior to mandatory
iodine supplementation of salt and bread in the early 2000s) greatly increases the risk of
developing severe iodine deficiency in pregnancy.1”:18:19 Evidence from animal and
epidemiologic studies generally supports a link between iodine deficiency, as well as simple
and nodular goiter, and increased incidence of follicular thyroid carcinoma,16:19.20 while the
relationship between iodine status and papillary thyroid carcinoma has been less clear.2% The
strong associations for maternal hyperthyroidism, goiter, and congenital hypothyroidism
with risk of follicular thyroid carcinoma support a role of iodine deficiency in thyroid cancer
development. The slightly stronger association of congenital hypothyroidism with thyroid
cancer for offspring born after 1985 may reflect more accurate or complete early diagnostic
information. Including all cases of congenital hypothyroidism, regardless of age at
diagnosis, slightly strengthened the association for congenital hypothyroidism and thyroid
cancer risk in offspring. The association for congenital hypothyroidism was stronger among
rural residents, which may reflect the poorer iodine status of rural regions. Our results for
maternal hypothyroidism, hyperthyroidism, and thyroiditis potentially also suggest a role of
inherited thyroid autoimmunity in thyroid cancer development. Recent studies have similarly
shown positive associations between diagnosis of autoimmune thyroid conditions
(Hashimoto’s thyroiditis, Graves’ disease) and increased risk of thyroid cancer within the
same individuals; this increased risk persisted for years following benign thyroid disease
diagnosis and was observed for localized and regional stage thyroid cancer.18

Some of the other variables examined, such as birth weight, may be surrogates for fetal
exposure to sex steroid hormones and growth factors. Similar to our study, birth weight was
associated with risk of childhood and adulthood thyroid cancer in registry linkage studies in
Denmark and California, USA.%10 Umbilical cord levels of insulin-like growth factor (IGF)-
I, IGF binding protein (IGFBP)-3, and leptin have been shown to be elevated in larger
babies, and there is some evidence that these hormones have a direct influence on thyroid
cancer development.2! Birth weight is associated with higher maternal sex steroid hormone
concentrations; 2223 however, maternal and fetal concentrations of these hormones appear to
be modestly correlated.24 While confounding by excess weight or weight gain during
pregnancy could explain the positive associations of maternal diabetes and postpartum
hemorrhage,2® results did not change after adjusting for pre-pregnancy BMI. Other variables
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associated with thyroid and sex steroid hormone levels, 2 such as preterm birth,
preeclampsia/gestational hypertension, gestational diabetes, and maternal smoking, were not
associated with thyroid cancer risk. Studies that directly assess hormonal concentrations in
pregnancy in relation to thyroid cancer risk among offspring may provide greater insight on
underlying biological mechanisms.

The large source population obtained from combining nationwide registry data from four
Nordic countries, virtually complete cancer incidence follow-up over several decades
(important considering the potentially long latency period between exposure and thyroid
cancer diagnosis), and use of routinely collected and recorded birth and medical information
helped to overcome some common challenges in studying the relation between in utero
exposures and thyroid cancer risk. Due to mandatory reporting of birth information to the
MBRs, the level of missingness was low for most variables. Some thyroid cancer risk factors
(e.g. exposure to ionizing radiation in childhood, genetic factors) were not captured by the
registries, but these factors were unlikely to have been strong confounders. For uncontrolled
confounding to account for the observed associations, the confounder would have needed to
be even more strongly associated with both the exposure and the outcome.2” Smoking and
pre-pregnancy BMI, available for only a small proportion of cases, were not found to be
important confounders. We lacked information on breastfeeding in this study. This is an
important limitation considering the high rates of breastfeeding in the Nordic countries.28 In
the presence of suboptimal iodine intake, breastfeeding mothers are more susceptible to
iodine deficiency, as likely would be their child;2° thus, breastfeeding potentially could have
a direct influence on thyroid cancer risk in offspring or modify the associations of other
factors examined in the current study.

Detection bias is an important concern in epidemiologic studies of thyroid cancer. Exposures
being evaluated could serve as surrogates of healthcare access and utilization, and thus
increased likelihood of incidental detection of thyroid cancer. However, detection bias is a
less plausible explanation in the Nordic countries, which are characterized by high-quality
and universal healthcare. Indeed, the proportion of cases due to overdiagnosis has been
estimated to be much lower in the Nordic countries (~20-40% in 1988-2007 to ~40-65% in
2008-12) compared to other high-income, higher-resource countries, like South Korea, Italy,
and the United States.30 Also, thyroid cancer screening has not been available or encouraged
to the same extent in the Nordic countries compared to countries like South Korea.30
Individual matching of cases and controls at the county level should have helped to further
minimize biases related to healthcare access, while controlling for other sources of
confounding, including regional differences in iodine intake and radioactive fallout. Some of
the exposures examined may be risk factors for thyroid disease rather than thyroid cancer,
per se. Individuals diagnosed with thyroid disorders are more closely monitored for thyroid
abnormalities and, thus, more likely to have incidentally-detected thyroid cancer.16
Similarly, individuals whose mothers were diagnosed with thyroid disorders may be under
greater surveillance for thyroid abnormalities. However, our study restricted maternal
thyroid disorders to those diagnosed before or during pregnancy, as we hypothesized that
pregnhancy was a susceptible period in offspring thyroid cancer development. Also, we
expected that any influence of maternal thyroid conditions on diagnostic scrutiny among
offspring to decrease over time, but similar elevated risks of thyroid cancer were observed
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for thyroid cancer diagnosed before and after age 30. All the positive associations remained
after restricting the outcome to regional/distant stage thyroid cancers, which represent
clinically meaningful cases that have progressed and require treatment. Finally, the
association for congenital hypothyroidism was restricted to rural residents with potentially
lower access to care. This suggests that our results cannot be entirely explained by detection
bias.

From the Danish data, we could not determine whether the maternal thyroid diseases were
diagnosed before or during pregnancy and, thus, could not disentangle effects due to the
diseases themselves, their underlying causes, or exposure to treatments received by mothers
during pregnancy. Future studies would ideally incorporate this level of detail.

Our study, using population-based registry data, supports a link between in utero exposures,
particularly those related to maternal thyroid disorders, and risk of thyroid cancer later in
life. Future studies should explore whether these findings are attributable to treatments
received during pregnancy, fetal iodine deficiency, shared genetic susceptibility to thyroid
disorders including autoimmune disease, enhanced medical surveillance, or other factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT
Evidence before this study

We searched PubMed for studies published between January 1, 1990 and October 9,
2020, that addressed the associations of maternal birth characteristics, perinatal
exposures, and birth outcomes with risk of thyroid cancer in offspring, and more broadly,
the association between early-life exposures as risk factors for thyroid cancer, using the
search terms “early-life,” “in utero,” “pregnancy,” “prenatal,” “infant,” “birth
characteristics,” “birth outcomes,” “maternal,” and “thyroid cancer,” and “risk.” Few
previous studies evaluated the role of the intrauterine environment in thyroid cancer
development. Previous studies suggested a possible association between /n utero
exposure to ionizing radiation, maternal diagnosis of hyperemesis gravidarum, and birth
weight with increased risk of thyroid cancer in offspring.

Added value of this study

Our study provides evidence in support of a link between /n utero exposures, particularly
those related to maternal thyroid disorders, and risk of thyroid cancer later in life. The
strong associations observed for maternal hyperthyroidism, goiter, and congenital
hypothyroidism with risk of follicular thyroid carcinoma support a potential etiologic role
of iodine deficiency.

Implications of all the available evidence

These findings may motivate additional research into early-life exposures involved in the
etiology of thyroid cancer, which may ultimately help to identify modifiable risk factors
and targets for primary prevention of the disease.
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Cases Controls OR (95% CI)
(n=400)  (n=4000)

Hypothyroidism  38(9:5%) 24 (0-6%) —_— 18-12 (10-52-31-20)
Hyperthyroidism 27 (6-8%) 24 (0-6%) _— 11.91 (6-77 -20-94)
Goiter 115 (28-8%) 30 (0-8%) —+=——67-36(39-89-113.76)
Thyroiditis <5* <9 (0-2%) 3-33(0-90-12:31)
Benign neoplasms 9 (<2:3%) <5* - 22.50 (6-93-73-06)
| I I ] I T T T TTTrrm
0.5 1 5 10 50 100150
< g

Decreased risk of Increased risk of
thyroid cancer  thyroid cancer

Figure 1. Oddsratios (ORs) and 95% confidenceintervals (Cls) for maternal thyroid conditions
and risk of thyroid cancer in offspring (Denmark).

Results were based on conditional logistic regression models, conditioned on birth year, sex,
and county of birth. Numbers of cases and controls under five were suppressed, in line with
the regulations of the Danish Health Data Agency.

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2022 February 01.
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Table 1.

Characteristics of 2,437 thyroid cancer cases” included in the study population

Denmark  Finland Norway Swedenb Total
Total thyroid cancer cases (n) 400 140 986 911 2,437
Histologic typea
Papillary carcinoma 306 (77%) 114 (81%) 817(83%) 730 (82%) 1,967 (81%)
Follicular carcinoma 65 (16%) 19 (14%) 111 (11%) 86 (10%) 281 (12%)
Medullary carcinoma 24 (6%) 6 (4%) 46 (5%) 61 (7%) 137 (6%)
Anaplastic carcinoma <5¢ <5 <5¢ <5° 6 (<1%)
Other histology 5 (1%) <5¢ 9 (<1%) 13 (1%) 28 (1%)
Sex
Female 301 (75%) 110 (79%) 760 (77%) 709 (78%) 1,880 (77%)
Male 09 (25%) 30 (21%) 226 (23%) 202 (22%) 557 (23%)
Year of birth
1967-1969 N/A N/A 243 (25%) N/A 243 (10%)
1970-1979 222 (56%) N/A 502 (51%) 451 (50%) 1,175 (48%)
1980-1989 144 (36%) 56 (40%) 184 (19%) 352 (39%) 736 (30%)
1990-1999 32 (8%) 79 (56%) 52 (5%) 94 (10%) 257 (11%)
2000-2013 <Y 5 (4%) 5 (<1%) 14 (2%) 26 (1%)
Age at diagnosis (years)
0-9 8 (2%) 9 (6%) 7 (<1%) 24 (3%) 48 (2%)
10-19 73 (18%) 61 (44%) 110 (11%) 185 (20%) 429 (18%)
20-29 163 (41%) 70 (50%) 299 (30%) 375 (41%) 907 (37%)
30-39 155 (39%) <5 393 (40%) 312 (34%) 860 (35%)
40-48 <5 <€ 177 (18%) 15 (2%) 193 (8%)
Mean age (years) at diagnosis (SD) 26:2(7-8) 189(4:8) 30:9(8:7) 257 (7-9) 275 (8:7)
Year of cancer diagnosis
1985-1989 6 (2%) 0 (0%) 32 (3%) 10 (1%) 48 (2%)
1990-1999 45 (11%)  2(1%) 133 (13%) 111(12%) 291 (12%)
2000-2009 166 (42%) 39 (28%) 346 (35%) 369 (41%) 920 (38%)
2010-2015 183 (46%) 99 (71%) 475 (48%) 421 (46%) 1,178 (48%)

N/A = not applicable

Page 13

aThe relatively high number of cases in Norway and Sweden was mainly a function of the year of establishment of the birth registry (with Norway
having the oldest, allowing for more time between birth and thyroid cancer diagnosis) and the size of the underlying population (with Sweden

having the largest).

b18 unspecified cases from Sweden were excluded

c
Numbers suppressed due to <5 cases and/or controls

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2022 February 01.
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