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Thyroid cancer incidence is higher in women than men, especially during the reproductive years, for reasons
that remain poorly understood. Using population-based registry data from 4 Nordic countries through 2015,
we examined associations of perinatal characteristics with risk of maternal thyroid cancer. Cases were women
diagnosed with thyroid cancer >2 years after last birth (n = 7,425, 83% papillary). Cases were matched to controls
(n = 67,903) by mother’s birth year, country, and county of residence. Odds ratios (ORs) were estimated using
conditional logistic regression models adjusting for parity. Older age at first pregnancy, postpartum hemorrhage
(OR = 1.18, 95% (confidence interval) Cl: 1.08, 1.29), and benign thyroid conditions (ORs ranging from 1.64 for
hypothyroidism to 10.35 for thyroid neoplasms) were associated with increased thyroid cancer risk, as were higher
offspring birth weight (per 1-kg increase, OR = 1.17, 95% CI: 1.12, 1.22) and higher likelihood of offspring being
large for gestational age (OR = 1.26, 95% ClI: 1.11, 1.43). Unmarried/noncohabiting status (OR = 0.91, 95% ClI:
0.84, 0.98), maternal smoking (OR = 0.75, 95% CI: 0.67, 0.84), and preterm birth (OR = 0.90, 95% CI: 0.83, 0.98)
were associated with reduced risk. Several factors (e.g., older age at first pregnancy, maternal smoking, goiter,
benign neoplasms, postpartum hemorrhage, hyperemesis gravidarum, and neonatal jaundice) were associated
with advanced thyroid cancer. These findings suggest that some perinatal exposures may influence maternal
thyroid cancer risk.

benign thyroid disease; cohort study; epidemiology; hormones; observational study; pregnancy; reproductive

factors; thyroid cancer

Abbreviations: Cl, confidence interval; LGA, large for gestational age; MBR, medical birth registry; OR, odds ratio; SGA, small

for gestational age.

In the Nordic countries, thyroid cancer ranks as the fourth
most frequently diagnosed malignancy in women of repro-
ductive age (1544 years), after breast cancer, cervical can-
cer, and melanoma (1). Few modifiable risk factors for
thyroid cancer have been established apart from childhood
exposure to ionizing radiation and obesity (2, 3).

Sex steroid hormones have long been hypothesized to play
a role in thyroid carcinogenesis because of the higher inci-
dence in women than men, particularly during the reproduc-
tive years (2, 4). Reproductive and hormonal characteristics
(e.g., parity, age at menarche or menopause, exogenous hor-
mone use) have not been consistently associated with thyroid

cancer risk in epidemiologic studies; however, few studies
have explored whether hormonal or other exposures in preg-
nancy are associated with risk of thyroid cancer in women
(2, 4, 5). Pregnancy may represent a susceptible period in
thyroid cancer development, considering that thyroid cancer
risk is elevated following pregnancy (6—8). Maternal diag-
nosis of hyperemesis gravidarum and greater offspring birth
weight, which serve as surrogates for hormonal exposures in
pregnancy (9, 10), have also been associated with increased
risk of thyroid cancer (11, 12).

On the other hand, many thyroid cancers diagnosed imme-
diately after pregnancy may reflect incidental detection of
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thyroid nodules (of which 8%-16% are malignant) owing
to more frequent contact with the health-care system (13).
Pregnant women generally have more opportunities for
thyroid function testing, thyroid palpation, and thyroid
ultrasound imaging. Although pregnancy can contribute to
modest growth of an existing thyroid nodule, diagnostic
workup of some nodules may be delayed until after
pregnancy to avoid complications (13). Owing to the slow
growth of most benign and malignant thyroid nodules (14,
15), environmental or hormonal exposures contributing to
the pathogenesis of thyroid cancer may occur months or
years prior to diagnosis. Thus, studies investigating the
association of pregnancy-related exposures with thyroid
cancer risk should account for a potentially long latency
period and incorporate methods to minimize detection bias.

In this study, we linked population-based medical birth
and cancer registry data within and across 4 Nordic countries
to investigate associations for a wide range of pregnancy
characteristics and complications, maternal medical history,
and birth outcomes in relation to maternal thyroid cancer
risk.

METHODS

A detailed description of the study methods was reported
previously for a Nordic registry-linkage study of perinatal
exposures and thyroid cancer risk in offspring (5).

Registries and study population

The Nordic countries offer the opportunity to investigate
a variety of unique research questions owing to decades of
information collected and electronically recorded in high-
quality population-based registries (16). Legal residents are
assigned unique personal identification numbers that allow
linking of information across registries with nearly complete
nationwide coverage. The similar health-care systems and
data collection and structure across the Nordic registries
facilitates pooling of data for research purposes.

National medical birth registries (MBRs) have recorded
comprehensive information on maternal and offspring char-
acteristics for all births in Denmark since 1973, in Fin-
land since 1987, in Norway since 1967, and in Sweden
since 1973 (17). MBR-derived variables include calendar
year and maternal age at delivery, maternal marital status,
parity, multiple versus singleton birth, birth weight and
gestational age (used to calculate offspring being small/large
for gestational age (SGA/LGA): birth weight by mean gesta-
tional age below/above 2 standard deviations), preterm birth,
delivery type, and maternal pregnancy complications. Data
for maternal smoking in pregnancy were available (though
largely incomplete) in Denmark since 1991, in Finland since
1987 (for early pregnancy) and 1990 (for late pregnancy), in
Norway since 1999, and in Sweden since 1982/1999. Infor-
mation on prepregnancy body mass index was incomplete
and mainly available in Sweden and since 2004 in Den-
mark. Offspring diagnoses of congenital hypothyroidism
and neonatal jaundice were captured during the first year
after birth for all countries except Sweden. Linkages with

National Patient Registries (NPRs) in Denmark (covers all
hospitals since 1977 and specialist outpatient hospital con-
tacts since 1995) and Sweden (since 1964) provided hospital
diagnoses on maternal (Denmark and Sweden) and offspring
(Denmark only) medical conditions not available in the
MBRs. The cancer registries provide virtually complete
information on malignancies, nationwide coverage in Den-
mark since 1943, Finland since 1953, Norway since 1953,
and Sweden since 1958 (18).

Women with a record of a pregnancy in an MBR, defined
here (for consistency across registries) as a pregnancy with
a gestational age of 23 or more weeks, were identified
and linked with the cancer registries to identify the cases.
Cases were defined as women diagnosed with first primary
thyroid cancer (International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, C73
or equivalent) through 2015 (since 1973 in Denmark, since
1987 in Finland, since 1967 in Norway, and since 1973 in
Sweden, as the MBRs were established more recently than
the cancer registries). International Classification of Dis-
eases for Oncology, Third Edition, morphology codes were
used to classify cases as papillary (8050, 8260, 8340-8344,
8350, 8450-8460), follicular (8290, 8330-8335), medullary
(8345, 8510-8513), or anaplastic (8020-8035) carcinomas.
Ten controls identified from the MBR were sampled per
case, matched on the affected mother’s birth year and county
of residence at the time of her last recorded pregnancy
before matching. After matching, exclusions were made
for controls who had died or emigrated, cases or controls
with a prior cancer diagnosis other than nonmelanoma skin
cancer, and cases diagnosed (or controls matched) within 2
years of the last recorded pregnancy. The latter exclusion
was intended to minimize detection bias, owing to greater
medical surveillance of thyroid-related disorders during
pregnancy.

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

Statistical analysis

We used conditional logistic regression models to cal-
culate odds ratios (ORs) with 95% confidence intervals
(ClIs) for associations between pregnancy characteristics and
maternal thyroid cancer, conditioned on matching variables
and adjusted for parity (since parity was positively associ-
ated with many of the exposures examined in this analysis,
as well as maternal thyroid cancer risk). A complete-case
approach was used to handle missing values. Additional
analyses were conducted separately by histologic type and
stage at diagnosis for differentiated (papillary and follicular)
thyroid cancers. Two sensitivity analyses were performed for
the full set of variables: 1) excluding thyroid cancer cases
diagnosed within 5 years (the base analysis excluded 2 years)
after the last recorded pregnancy and their matched controls,
to further evaluate and limit the potential for detection bias;
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Table 1. Characteristics of 7,425 Thyroid Cancer Cases With Date of Last Recorded Birth >2 Years Prior to Thyroid Cancer Diagnosis, Nordic

Countries, 1967-2015

Denmark Finland Norway Sweden Total
Characteristics (n=1,214) (n=1,419) (n=2,471) (n =2,321) (n = 7,425)
No. % No. % No. % No. % No. %
Histopathological type?®
Papillary carcinoma 898 74.0 1,309 92.2 2,027 82.0 1,561 82.2 5,795 82.8
Follicular carcinoma 209 17.2 70 4.9 287 1.6 225 11.8 791 11.3
Medullary carcinoma 60 4.9 21 1.5 71 2.9 59 3.1 21 3.0
Anaplastic carcinoma 22 1.8 N/AP 25 1.0 28 1.5 78 1.1
Other 25 21 16 1.1 61 25 26 1.4 128 1.8
Year of pregnancy
1923-1949 288 23.7 47 3.3 1,068 43.2 651 28.0 2,054 27.7
1950-1959 408 33.6 454 32.0 668 27.0 701 30.2 2,231 30.0
1960-1969 359 29.6 665 46.9 469 19.0 622 26.8 2,115 28.5
1970-1994 159 13.1 253 17.8 255 10.3 347 15.0 1,025 13.8
Age at diagnosis, years
18-39 390 32.1 484 34.1 752 30.4 800 34.5 2,426 32.7
40-49 445 36.7 631 445 768 31.1 802 34.6 2,646 35.6
50-59 263 21.7 277 19.5 545 221 497 21.4 1,582 21.3
60-86 116 9.6 27 1.9 406 16.4 222 9.6 771 10.4
Year of diagnosis
1967-1989 112 9.2 N/AP 534 21.6 302 13.0 952 12.8
1990-1999 239 19.7 254 17.9 458 18.5 472 20.3 1,423 19.2
2000-2009 517 42.6 629 44.3 767 31.0 815 35.1 2,728 36.7
2010-2015 346 28.5 532 375 712 28.8 732 315 2,322 31.3

Abbreviation: N/A, not available.

a 422 unspecified cases from Sweden, mainly diagnosed in the earlier calendar period, were excluded from the denominator.

b N/A indicates that the number of cases was <5.

and 2) adjusting additionally for prepregnancy body mass
index or maternal smoking (potential confounders of the
associations of other pregnancy-related factors and thyroid
cancer risk), among women with complete information on
those factors. Other sensitivity analyses, including mutual
adjustment of related factors that were positively associ-
ated with maternal thyroid cancer risk, are described in the
Results.

RESULTS

In total, 7,425 first-time primary thyroid cancer cases and
67,903 matched controls with a last pregnancy more than
2 years previously were identified from the registries. The
breakdown of cases by known histology was 83% papillary,
11% follicular, 3% medullary, 1% anaplastic, 2% other
(Table 1). Overall, most cases (68%) were diagnosed before
age 50 years. The age distribution of cases was younger in
Finland, with only 2% of cases diagnosed after age 60 versus
10% in the combined study, reflecting the later establishment
of the MBR in Finland versus the other countries.
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Risk of thyroid cancer was modestly positively associated
with parity, although the risks did not increase consistently
with each birth (Table 2). All results presented hereafter
were adjusted for parity.

Ages at first and last pregnancy were positively associated
with thyroid cancer risk on a continuous scale. In categorical
models, however, age at first pregnancy was more clearly
associated with maternal thyroid cancer compared with age
at last pregnancy. Maternal thyroid cancer risk decreased
with time since pregnancy until it was no longer associated
after 5 years. Reduced thyroid cancer risk was observed
for unmarried/noncohabiting status (OR = 0.91, 95% CI:
0.84, 0.98), maternal smoking (OR = 0.75, 95% CI: 0.67,
0.84), and preterm birth (OR = 0.90, 95% CI: 0.83, 0.98). In
contrast, thyroid cancer risk was elevated following an LGA
birth (OR = 1.26, 95% CI: 1.11, 1.43). Birth weight was
positively associated with risk on a continuous scale (per
1-kg increase, OR = 1.17, 95% CI: 1.12, 1.22); however,
a U-shaped relationship was evident in categorical models.

Diagnosis of benign thyroid conditions before or during
any pregnancy was positively associated with maternal
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Table 2. Association Between Maternal, Pregnancy, and Offspring Characteristics, Neonatal and Maternal Medical Conditions, and the Risk
of Thyroid Cancer in Mothers, Excluding Cases Diagnosed <2 Years After Last Birth, and Matched Controls, Nordic Countries, 1967-2015

Cases (n = 7,425) Controls (n = 67,903)
Exposure OR?® 95% ClI
No. % No. %

Maternal and Pregnancy Characteristics

Parity
1 1,238 16.7 11,394 16.8 1.00 Referent
2 3,351 451 30,278 446 1.09 1.02, 1.17
3 1,893 255 17,409 25.6 1.1 1.03, 1.20
4 607 8.2 5,815 8.6 1.09 0.98, 1.22
>5 336 4.5 3,007 4.4 1.18 1.04, 1.36
Age at first pregnancy, per 1-year 7425 100 67,903 100 1.01 1.01, 1.02
increase®
Age at first pregnancy, years®
<25 2,277 42.8 20,655 42.8 1.00 Referent
25-29 1,955 36.7 17,026 35.3 1.12 1.05, 1.21
30-39 1,043 19.6 10,090 20.9 1.13 1.03, 1.24
>40 51 1.0 445 0.9 1.36 0.96, 1.94
Missing 2,099 19,687
Age at last pregnancy, per 1-year 7,425 100 67,903 100 1.01 1.00, 1.02
increase
Age at last pregnancy, years
<25 883 11.9 8,158 12.0 1.00 Referent
25-29 2,472 33.3 21,505 31.7 1.20 1.09, 1.31
30-39 3,764 50.7 35,302 52.0 1.19 1.09, 1.31
>40 306 4.1 2,938 4.3 1.22 1.04, 1.43
Years since last pregnancy
2-4 1,355 18.2 9,149 13.5 1.16 1.05, 1.28
5-9 1,566 21.1 14,212 20.9 0.99 0.91, 1.07
>10 4,504 60.7 44,542 65.6 1.00 Referent
Smoked in any pregnancy (yes vs. 693 27.6 7,291 33.3 0.75 0.67,0.84
no)
Missing 4,911 46,026
BMI® before/start of last pregnancy
<25.0 935 68.2 8,196 69.4 1.02 0.88, 1.18
25.0-29.9 296 21.6 2,576 21.8 1.00 Referent
>30.0 139 10.1 1,044 8.8 1.15 0.91, 1.44
Missing 6,055 56,087
Civil status during last pregnancy
Married/cohabiting 6,123 85.2 55,564 84.5 1.00 Referent
Single/divorced/widowed 1,061 14.8 10,191 15.5 0.91 0.84, 0.98
Missing 241 2,148
Offspring Characteristics
Any preterm birth (yes vs. no) 628 8.5 6,350 9.4 0.90 0.83, 0.98
Missing 19 197
Any multiple birth (yes vs. no) 188 2.5 1,649 2.4 1.06 0.91, 1.24
Missing 0 0

Table continues
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Table 2. Continued

Cases (n = 7,425) Controls (n = 67,903)
Exposure OR? 95% CI
No. % No. %
Any cesarean delivery (yes vs. no) 1,123 15.1 10,287 15.2 1.00 0.93, 1.07
Missing 9 73
SGAY in last pregnancy (yes vs. no) 141 2.0 1,460 2.2 0.90 0.76, 1.08
Missing 551 4,838
LGAY in last pregnancy (yes vs. no) 283 4.0 2,105 3.2 1.26 1.11, 143
Missing 548 4,835
Birth weight, last pregnancy, per 1-kg 7,262 97.8 66,397 97.8 117 112, 1.22
increase
Missing 162 1,506
Birth weight, last pregnancy, g
<1,500 52 0.7 375 0.6 1.43 1.07, 1.92
1,500-2,499 161 2.2 1,959 3.0 0.83 0.71,0.99
2,500-3,499 2,673 36.8 26,615 40.1 1.00 Referent
3,500-4,499 4,019 55.3 34,727 52.3 1.15 1.10, 1.22
>4,500 358 4.9 2,721 4.1 1.33 1.18, 1.49
Maternal Thyroid Disorders Diagnosed Prior to or During Any Pregnancy (Yes vs. No)®
Hypothyroidism 40 0.5 222 0.3 1.64 1.17,2.31
Hyperthyroidism 62 0.8 209 0.3 2.63 1.97, 3.50
Goiter 128 1.7 201 0.3 5.70 4.56, 713
Thyroiditis 1 0.1 51 0.1 1.85 0.96, 3.57
Other thyroid disorders 5 0.1 14 <0.1 3.13 1.12,8.72
Benign thyroid gland neoplasms 21 0.3 18 <0.1 10.35 5.50, 19.48
Maternal Conditions Diagnosed During Any Pregnancy (Yes vs. No)®
Preeclampsia/eclampsia 330 4.4 2,964 4.4 1.02 0.91,1.15
Gestational hypertension 257 3.5 2,354 3.5 1.00 0.87,1.14
Gestational diabetes 124 1.7 935 1.4 117 0.96, 1.42
Postpartum hemorrhage 613 8.3 4,809 71 1.18 1.08, 1.29
Placental abruption 52 0.7 513 0.8 0.93 0.70, 1.24
Placenta previa 51 0.7 413 0.6 1.1 0.82, 1.48
Hyperemesis 160 2.2 1,267 1.9 1.13 0.96, 1.34
Pregnancy anemia 161 2.2 1,222 1.8 117 0.99, 1.39
Maternal Conditions Diagnosed Prior to Any Pregnancy (Yes vs. No)®
Diabetes history 47 0.6 434 0.6 0.97 0.72,1.32
Hypertension history 29 0.4 273 0.4 0.95 0.65, 1.40
Offspring Conditions Diagnosed in First Year of Life, Any Birth (Yes vs. No)®
Congenital hypothyroidism N/Af 19 <0.1 0.47 0.06, 3.54
Neonatal jaundice 78 1.1 595 0.9 1.18 0.93, 1.50

Abbreviations: BMI, body mass index; Cl, confidence interval; LGA, large for gestational age; N/A, not available; OR, odds ratio; SD, standard

deviation; SGA, small for gestational age.

2 ORs and 95% Cls from conditional logistic regressions, conditioned on birth year (of the case), country, and county, with additional

adjustment for parity.

b Missing for mothers whose first pregnancy was not in the medical birth registries.

¢ Weight (kg)/height (m)2.

d LGA/SGA represent weight by mean gestational age above/below 2 SDs.

¢ Classified as exposed when the diagnosis code was present; otherwise, classified as unexposed.
f N/A indicates that the number of cases was <5.
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thyroid cancer (Table 2). ORs ranged from 1.64 (95% CI:
1.17, 2.31) for hypothyroidism to 10.35 (95% CI: 5.50,
19.48) for benign thyroid neoplasms. Of the nonthyroid
medical conditions diagnosed prior to/during any pregnancy,
none were associated with thyroid cancer risk, except
postpartum hemorrhage (OR = 1.18, 95% CI: 1.08, 1.29).
Results were similar for medical conditions diagnosed only
in the last pregnancy (not shown).

Neither offspring diagnosis of jaundice nor congenital
hypothyroidism were clearly associated with maternal thy-
roid cancer risk.

Stratified analyses

Histological type. For some factors (e.g., maternal smok-
ing, unmarried/noncohabiting status, LGA, and birth
weight), associations of a similar magnitude and direction
were observed with risk of both papillary and follicular
carcinoma (Table 3). However, parity, age at last pregnancy,
maternal history of certain benign thyroid conditions
(e.g., hypothyroidism, hyperthyroidism, goiter, thyroiditis),
and pregnancy complications (e.g., gestational diabetes,
postpartum hemorrhage, pregnancy anemia) appeared to be
more strongly, or clearly, associated with risk of papillary
than follicular carcinoma. In contrast, preterm birth and
maternal diagnosis of benign thyroid neoplasms appeared
to be more strongly associated with risk of follicular than
papillary carcinoma. Although some factors appeared to
be associated with risk of medullary (e.g., age at first
pregnancy, maternal hypothyroidism) or anaplastic thyroid
carcinoma (e.g., age at first and last pregnancy), these
associations were based on small numbers of cases and
confidence intervals were wide.

Stage at diagnosis. Results were largely similar by stage
at differentiated thyroid cancer diagnosis (Table 4). How-
ever, unmarried/noncohabiting status, preterm birth, multi-
ple births, offspring birth weight, LGA, and maternal thyroid
conditions other than thyroiditis were more strongly asso-
ciated with localized versus regional/distant cases. Associ-
ations that were more pronounced for regional/distant than
localized cases included age at first pregnancy, very low birth
weight, neonatal jaundice, and hyperemesis gravidarum.

Sensitivity analyses

Associations were virtually unchanged after adjustment
for prepregnancy body mass index or smoking during preg-
nancy (data not shown). The postpartum hemorrhage associ-
ation did not change after adjusting for birthweight, LGA, or
SGA (data not shown). Results were similar after restricting
to cases diagnosed more than 5 years after last pregnancy
(n = 6,070), with the exception of slightly attenuated asso-
ciations for marital status and papillary carcinoma (OR =
0.96, 95% CI: 0.87, 1.05) and for maternal thyroid condi-
tions and both papillary and follicular thyroid carcinoma;
nonetheless, risk of papillary carcinoma remained elevated
after hypothyroidism (OR = 1.54, 95% CI: 0.96, 2.47),
hyperthyroidism (OR = 1.98, 95% CI: 1.28, 3.04), goi-
ter (OR = 4.85, 95% CI: 3.54, 6.65), and benign thyroid

neoplasms (OR = 6.41, 95% CI: 2.78, 14.80), and risk of
follicular carcinoma remained elevated after goiter (OR =
2.25, 95% CI: 1.02, 4.94) and benign thyroid neoplasms
(OR =29.63, 95% CI: 3.18, 275.81).

DISCUSSION

We pooled nationwide population-based registry data
from 4 Nordic countries to evaluate a wide range of maternal
medical histories, pregnancy complications, and birth char-
acteristics in relation to maternal thyroid cancer risk. Several
pregnancy-related exposures and characteristics, including
parity, age at first pregnancy, hyperemesis gravidarum,
postpartum hemorrhage, thyroid disorders, and offspring’s
birth weight were associated with increased risk of maternal
thyroid cancer. Unmarried/noncohabiting status, maternal
smoking, and preterm birth were inversely associated with
risk.

Our results for hyperemesis gravidarum and birth weight
are consistent with previous studies (11, 12). The inverse
association for smoking and thyroid cancer risk is consistent
with several previous studies of smoking and thyroid cancer
in women, regardless of pregnancy status, and in men (19,
20). Also consistent with other studies (6-8), we found
that maternal thyroid cancer risk declined with time since
last pregnancy. Some exposures (e.g., married/cohabiting
status, preterm birth, multiple birth, LGA and birth weight
of the offspring, and benign thyroid conditions) were also
more strongly associated with thyroid cancers diagnosed
closer in time to the last pregnancy, as well as for localized
versus regional/distant stage thyroid cancer, suggesting that
at least some of these factors may be surrogates for health-
care access and utilization (and, thus, increased potential for
thyroid cancer overdiagnosis). The similar magnitude and
direction of association of some exposures (e.g., maternal
smoking, unmarried/noncohabiting status, LGA, and birth
weight) with risk of both papillary and follicular thyroid
cancer may also similarly reflect a detection bias. On the
other hand, although previous studies (not limited to preg-
nant women) have shown a much higher risk of thyroid
cancer immediately following benign thyroid disease diag-
nosis, most likely attributable to diagnostic workup (21, 22),
these risks remained significantly elevated for decades after
the initial diagnosis. Similarly, we found that several of
the factors examined were associated with long-term (>5
years) risks of both total and advanced stage thyroid cancer,
including older age at first pregnancy, very low birth weight,
maternal goiter and benign thyroid neoplasms, postpartum
hemorrhage, hyperemesis gravidarum, neonatal jaundice,
and maternal smoking (inverse), suggesting that detection
bias may not fully explain these findings.

To our knowledge, our study is the first to evaluate the
association between benign thyroid conditions in pregnancy
and maternal thyroid cancer risk. In a related Nordic registry
linkage study, we demonstrated that maternal hyperthy-
roidism and goiter, as well as congenital hypothyroidism
in the offspring, were strongly associated with risk of thy-
roid cancer in the offspring (5). The similarity between
the results between these 2 studies suggests a potential for
shared underlying mechanisms for maternal and offspring

Am J Epidemiol. 2022;00(00):1-14

2202 19qWIBAON ZZ Uo Jasn 0jsQ 10 Ajsianiun Aq 05£80/9/919emy/ale/c601 0L /1op/alo1e-aoueApe/ale/wod dno-olwapede//:sdijy woly papeojumoq



Pregnancy Factors and Maternal Thyroid Cancer Risk 7

Downloaded from https://academic.oup.com/aje/advance-article/doi/10.1093/aje/kwac163/6708350 by University of Oslo user on 22 November 2022

sanuuoa ajqer

(ou 'sa
WIN 622 ‘S0 L 96°0 ‘v¥'0 S9°0 980 ‘890 9.0 saA) foueubaid Aue ul paxowg
jusisjey 00°L Jusiejey 00'L Jusieyey 00'L jusiejey 00'L (0]
¥¥'G ‘'81°0 860 LS°1 '¥S0 260 €1 ‘180 €0'L 601 ‘160 660 6
066 ‘€00 180 gz'2'09°0 St 8’1 ‘¥8°0 SL'L 62’1 ‘€0'l GL'L e
Aoueubaid 1se| 90UIS SIROA
¥G'€ ‘v1°0 020 €£'2 120 080 69°1 ‘09°0 Tog! 1S’ 90} 9z'l or<
¥£'2 ‘€80 /80 252 ‘680 L L9t ‘1670 [l 0€'L ‘90'} gL'l 65-0€
0€°€ ‘050 8zl ov'2 ‘640 8g’L 691 260 82’1 82'L ‘SO'l al'l 6252
juslejey 00l Juaiejey 00’1 Jusleyey 00’1 Juslajey 00’1 gz>
sleah ‘foueubaud ise| 1e aby
asealoul
00'L ‘88°0 €60 S0'L ‘86°0 10°L €0'l ‘66°0 10°L 2o'L ‘00'1 10°1 Jeaf-| Jad foueubaid ise| je oby
WIN 8G9l ‘220 26°L 9€'9‘LL0 zLe 86'l ‘€6°0 Ge'L ov<
090 ‘200 2o eLel S0 LL'L 2670 8z'1 gzl ‘660 oLt 66-0€
66°0 210 or'0 ¥L1 ‘690 oLt 89'L ‘€0'L A 6L’ ‘20t oLt 62-G2
jusisjey 00°L Jusiejey 00'L Jusieyey 00'L jusiejey 00'L Sg>
qSteak ‘foueubeid 181 ye aby
nwwmm\_oc_
16°0 ‘620 88°0 80'l ‘66°0 €0'L SO’k ‘00'1 €0'1 20'L ‘00’1 10°L Jeaf-| 1ad “houeubeid 1814 1e 0By
vv'e ‘ve0 80°L 022 ‘60 260 16'L ‘88°0 0g’L 8e’L ‘10t 8Ll G<
951 ‘810 €50 ¥0'2 ‘¥S0 S0'L 6v'L ‘9.0 90'L 121 ‘00t gL ¥
YASRAVA ) 90°L v1'2 ‘6470 0g'L 15’1 ‘96°0 A Le’L ‘10 LEL €
22 ‘60 ¥0'L 102 ‘€80 et 25’1 260 ! LL'L ‘001 80'L 2
jusiajey 00°L 1usleey 00'L Juslegey 00'L jusiaey 00'L L
Aed
sonsusjoriey) Aoueubaid pue [eulsjeyy
10 %56 «HO 1D %S6 <HO 1D %S6 eHO 1D %56 <HO
(8L=u) (Le=u) (6L =u) (g6 = u) ainsodx3
ewouldie) ansejdeuy ewoujaie) Atejinpap ewioulase) Jejnaijjo4 ewoujaie) Arejjided

G102-2961 ‘saluno) oipioN “ABojoisIH AQ paijiens ‘s|0u0D Paydle|N PUB YHIg I1SeT 8yl 1oy SIesA g> pasoubelq sese)
Buipnjox3 “4aoue) ploJAyL [eussiel JO XSIY Syl PUB ‘SUOIIPUOD [BDIPS\ [eUISIe\ pUB [ejeuosa| ‘sonsisioerey) BuudsyQ pue ‘Aoueubaid ‘[eulalely usemiag SUOBIOOSSY "€ djgel

Am J Epidemiol. 2022;00(00):1-14



8 Kitahara et al.

Downloaded from https://academic.oup.com/aje/advance-article/doi/10.1093/aje/kwac163/6708350 by University of Oslo user on 22 November 2022

sanunuoa ajqel

WV/IN JVIN JV/IN 8Y'LL LE'L 16'€ s19pIosIp plosAy} JoUi0
WV/IN JV/IN JV/N 0S'v ‘8Lt 0g'e swiplolAy L
¥6'¥8 ‘09'0 [4WA €1'9l ‘G9'0 ve'e LL'S 291 oLe 99'8 ‘92’S S.9 18109
€¥'SS ‘vi'0 26V €9'Ge ‘G8'0 19 L2V ‘2L0 SL'L 68°€ ‘90'¢ 8¢ wsiploiAypedAn
WVIN 2e'8€ v0'L €e9 YA AN 4N) 650 Sy'g ‘8Ll 0L’} wsiplolAyiodAH
S(ON “sA sap) Aoueubaid Auy bBuling 40 0} Jolid pesoubeiqg Suonipuo) [eulsieyy
0L'9‘9L0 9le 0€'e ‘8’0 SOt 002 ‘66'0 L 0S'L ‘SLk Let 00S‘v<
86'L ‘690 yARS 202 OL1L LS} 6E’1 ‘1Ot 6L} 2c’l ‘80t S} 661'7-005€
jusisiey 00't jusisjey 00't jusisjey 00't lualejey 00't 667'€-005‘C
6.6 ‘6¥'L 18°€ JANCR-TA 82 €c’l ‘ev'0 €0 96°0 ‘59°'0 6.0 66%°2-00S‘ I
WVIN WVIN ,2€ ‘850 8E’L L2 ‘60t 40" 00S‘1>

6 ‘Aoueubaid ise| ‘Wbiam yuig
asealoul By-L

€€’L ‘090 680 €S'L ‘16°0 St L€ ‘SO'L 0c'} AN LL'L Jad ‘Aoueubeid 1se| Wybrem yuig
(ou
809 ‘99°0 l0'e 6¥°2 ‘650 (RN 68l ‘680 og’L Lyl 0L /2L 'sA saf) AoueuBald ise| ul ¥
(ou *sA
GS7 ‘6170 e 0L'€ ‘80 80} Y.L ‘Y90 90’} 80} ‘220 880 sof) Aoueubaid isE| Ul YOS
(ou 'sa
0L'¢ ‘6€°0 060 €g’l ‘650 060 SIS0 €60 0Ll ‘S6°0 2oL saf) Alanjop ueasesed Auy
WVIN €2 280 ¥6°0 0S5’k ‘950 260 €€l ‘'56°0 Skt (ou "sA s8A) yuig adnw Auy
681 ‘€€°0 6.0 08t ‘120 SHt S6°0 ‘¥S0 2cL0 00’} ‘€8°0 16°0 (ou "sA s8A) yuig wisyeld Auy
sonsusjoriey) buldsyo
/82 HL0 ev'L 65t ‘G590 2o’} 8L’k ‘v.°0 €60 86°0 ‘€80 060 podIoAp/pamopIm/alBulS
juaisjey 00't luaisjey 00} jusisjey 00} jusisjey 00k Bunigeyoo/pauep
Aoueubaid
1se| Buninp sniels IA1D
oV/N €6'Gl ‘¥€'0 cee 9Ll ‘6€°0 28’0 6¥'L ‘16°0 <] 00e<
jusisiey 00t jusisjey 00 jusisjey 00 jusisjey 00°L 6'620°G¢
80Vl ‘P10 ov'tL 059 ‘190 00c 6€’L ‘850 060 611 ‘98°0 L0} 0'6e>
Aoueubaud

1SE| JO HElS/a1049( H|ING

1D %56 edO 1D %S6 dO 10 %S6 edO 10 %56 edO

ainsodx
(8L=u) (1ie=u) (162 =u) (5616 = u) 3
ewoulaie) snsejdeuy ewoulaie) Atejinpap ewoulase) Jejnaijjo4 ewouldie) Azejjided

psnunuod "¢ alqeL

Am J Epidemiol. 2022;00(00):1-14



Pregnancy Factors and Maternal Thyroid Cancer Risk 9

Downloaded from https://academic.oup.com/aje/advance-article/doi/10.1093/aje/kwac163/6708350 by University of Oslo user on 22 November 2022

"G> SEM S9SED JO JaquiNuU 8y} Jey} saledlpul /N

"pasodxaun se palyIsse|o ‘9sIMmIay)o ‘Juasald sem apod SISoubelp 8y} uaym pasodxa se PaliISSE(D 4

'sAS g mojeg/enoge abe [euonelseh uesw Aq wyblem Jusseidel YOSV o

“z(w) yBiey/(6x) b1 5

"sesifiel yilig [edlpaw 8y} Ul jou sem Aoueubeld isiiy esoym sieyiow 1oy Buissiy 4
‘Ajred Joy Juawisnipe [euolippe yum ‘Aunod pue ‘Aiunod ‘(aseo ayy Jo) Jeak yiig uo pauoipuod ‘suoissaifial o1isiBo| [BUOIHIPUOD WO} S|D %56 PUE SHO ¢
"obe [euoneisab 10} |lewsS ‘YOS ‘UoneIABp plepuels ‘ds ‘onel sppo ‘YO ‘olge|ieae jou ‘y/N ‘obe [euoneisab 1o) ablie| ‘Y5 {[eAlsiul 80UspIU0D |D XBpul Ssew Apoq ‘|G isuolelInalqqy

SL'6} ‘G20 Lbe £0°€ ‘S0°0 (01 40] 6.2 ‘98°0 SS'L €51 ‘680 A" @olpunel [ereuosN
\V/IN WVIN JVIN 9L’y 200 S50 wsiploiAyodAy [epusbuo)
o(ON "SA Sak) yuig Auy ‘aj17 Jo 1Bk 1SiiH 8y} ul pasoubelq suonipuo) buudsyo

WVIN LE0L ‘SLO 9’ 20t ‘650 €G'L 0¥’k ‘650 16°0 Aioysiy uoisuspiedAy
80°6¥% ‘8€°0 ey €L 20 960 €6°L ‘00 9.0 0S't 220 L0°L Aioisy sereqelq

o(ON "sA sax) Aoueubaid Auy o} Jolid pasoubelq suonipuo) [euidieyy
666 ‘2’0 90°¢C €L'€ ‘910 020 /8L ‘S0 L0k LyL 10 (<" ejwaue Aoueubeid
L8ZL ‘€20 ¥0°C 9% ‘990 L7} 191 250 860 6€’L ‘96°0 9k} sisawaladAy
WVIN 216G ‘0L°0 8.0 L6°L1€°0 640 65’1 ‘180 4 elnaud ejude|d
WVIN 2L 9eg0 61} 6L 'v€0 /80 92’k '99°0 16°0 uondniqe |ejusde|d
L2°€ ‘9€°0 80} €2 180 It Syl ‘180 60} LEL 20k 8L} abeyuowsy wnyredisod
WVIN 92'S ‘2’0 61} ¥9'L ‘010 180 05’ ‘66°0 <" S8jaqelp [euohelsen)
6.°€ ‘90°0 6%°0 G52 IS0 v ceL ‘950 980 6L'1 ‘68°0 €0’ uolsusiadAy [euonelse
¥8'€ ‘€€°0 4" 022 ‘€50 80} 62’k ‘090 880 L1 ‘06°0 €0’ eisdwejos/eisdweosald

o(ON "sA sax) Aourubaid Auy Bulng pasoubelq suonpuoy [eulsiepy

pue|b
WVIN WVIN S0'28e LL'S 147 8602 96V ocot ploiAys jo swseydosu ublueg
10 %56 d0 1D %S6 edO0 1D %56 ed0 10 %56 ed0
(82=u) (Lie=u) (6L =u) (g62's = u) ainsodx3

ewouldie) ansejdeuy

ewouldien Arejinpspy

Bwouldie) Jejnoijjo4

ewoujdien Aejjided

penuiuoy g algeL

Am J Epidemiol. 2022;00(00):1-14



10 Kitahara et al.

Table 4. Associations Between Maternal, Pregnancy and Birth Characteristics, Neonatal and Maternal Medical Conditions, and Risk of
Maternal Differentiated (Papillary and Follicular) Thyroid Cancer, Excluding Cases Diagnosed <2 Years After Last Birth and Matched Controls,
Stratified by Stage at Diagnosis, Nordic Countries, 1967-2015

Localized (n = 3,348) Regional and Distant (n = 1,399)
Exposure
OR? 95% CI OR? 95% CI
Maternal and Pregnancy Characteristics
Parity
1 1.00 Referent 1.00 Referent
2 1.16 1.04, 1.29 1.16 0.98, 1.37
3 1.18 1.05, 1.33 1.13 0.94, 1.36
4 1.13 0.97,1.32 1.06 0.82, 1.36
>5 1.13 0.93, 1.38 1.24 0.90, 1.69
Age at first pregnancy, per 1-year 1.01 1.00, 1.03 1.02 1.01, 1.04
increase®
Age at first pregnancy®
<25 1.00 Referent 1.00 Referent
25-29 1.14 1.03, 1.27 1.08 0.92, 1.27
30-39 1.14 0.98, 1.31 1.16 0.94, 1.43
>40 0.98 0.54, 1.78 2.17 1.04, 4.51
Age at last pregnancy, per 1-year 1.01 1.00, 1.02 1.01 1.00, 1.03
increase
Age at last pregnancy
<25 1.00 Referent 1.00 Referent
25-29 1.20 1.05, 1.37 1.12 0.92, 1.38
30-39 1.15 1.01, 1.32 1.24 1.01, 1.52
>40 1.23 0.96, 1.56 1.15 0.79, 1.67
Years since last pregnancy
2-4 1.1 0.96, 1.28 1.19 0.94, 1.50
5-9 0.93 0.82, 1.04 1.13 0.93, 1.36
>10 1.00 Referent 1.00 Referent
Smoked in any pregnancy (yes vs. no) 0.74 0.63, 0.88 0.71 0.55, 0.91
BMI® before/start of pregnancy
<25.0 1.08 0.82, 1.43 1.02 0.69, 1.49
25.0-29.9 1.00 Referent 1.00 Referent
>30.0 0.88 0.57,1.36 1.03 0.58, 1.81
Civil status during last pregnancy
Married/cohabiting 1.00 Referent 1.00 Referent
Single/widow/divorced 0.87 0.77,0.97 0.96 0.81, 1.14
Offspring Characteristics
Any preterm birth (yes vs. no) 0.89 0.78, 1.01 1.01 0.84, 1.22
Any multiple birth (yes vs. no) 1.37 1.11, 1.68 0.82 0.55, 1.22
Any cesarean delivery (yes vs. no) 1.02 0.92, 1.13 1.01 0.86, 1.19
SGA‘ in last pregnancy (yes vs. no) 0.94 0.73, 1.20 0.97 0.66, 1.45
LGAY in last pregnancy (yes vs. no) 1.42 1.19, 1.70 1.04 0.76, 1.43
Birth weight, last pregnancy, per 1-kg 1.24 1.16, 1.32 1.04 0.94, 1.15
increase

Table continues
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Table 4. Continued

Localized (n = 3,348)

Regional and Distant (n = 1,399)

Exposure
OR? 95% CI OR? 95% CI
Birth weight, last pregnancy, g
<1,500 1.00 0.61, 1.66 2.89 1.70, 4.93
1,500-2,499 0.81 0.63, 1.04 0.76 0.51, 1.14
2,500-3,499 1.00 Referent 1.00 Referent
3,500-4,499 1.18 1.09, 1.27 1.12 0.99, 1.26
>4,500 1.53 1.29, 1.80 1.03 0.77,1.38
Maternal Conditions Diagnosed Prior to or During Any Pregnancy (Yes vs. No)®
Hypothyroidism 2.03 1.31, 3.14 1.43 0.67, 3.04
Hyperthyroidism 3.25 2.21,4.78 1.32 0.56, 3.10
Goiter 6.43 4.74,8.71 4.83 2.89, 8.06
Thyroiditis 2.19 0.90, 5.35 3.26 0.83, 12.78
Other thyroid disorders 6.57 1.75, 24.62 N/Af
Benign neoplasms of thyroid gland 20.34 7.79, 53.09 9.53 2.38, 38.26
Maternal Conditions Diagnosed During Any Pregnancy (Yes vs. No)®
Preeclampsia/eclampsia 1.09 0.92, 1.29 1.03 0.78, 1.36
Gestational hypertension 1.10 0.90, 1.34 1.02 0.72, 1.44
Gestational diabetes 1.16 0.87, 1.55 1.09 0.65, 1.81
Postpartum hemorrhage 1.23 1.08, 1.41 1.20 0.97, 1.48
Placental abruption 0.96 0.61, 1.52 1.07 0.59, 1.96
Placenta previa 1.27 0.83, 1.94 1.30 0.62, 2.75
Hyperemesis 1.12 0.86, 1.47 1.46 1.00, 2.12
Pregnancy anemia 1.19 0.89, 1.61 1.29 0.79, 2.10
Maternal Conditions Diagnosed Prior to Any Pregnancy (Yes vs. No)®
Diabetes history 1.17 0.76, 1.82 0.86 0.41, 1.79
Hypertension history 1.35 0.82,2.22 0.34 0.08, 1.41
Offspring Conditions Diagnosed in the First Year, Any Birth (Yes vs. No)®
Congenital hypothyroidism 0.98 0.12,773 N/Af
Neonatal jaundice 1.12 0.80, 1.58 1.93 1.32,2.83

Abbreviations: BMI, body mass index; Cl, confidence interval; LGA, large for gestational age; N/A, not available; OR, odds ratio; SD, standard

deviation; SGA, small for gestational age.

a8 ORs and 95% Cls from conditional logistic regressions, conditioned on birth year (of the case), country, and county, with additional

adjustment for parity.

b Missing for mothers whose first pregnancy was not in the medical birth registries.

¢ Weight (kg)/height (m)2.

d LGA/SGA represent weight by mean gestational age above/below 2 SDs.
€ Classified as exposed when the diagnosis code was present; otherwise, classified as unexposed.

f N/A indicates that the number of cases was <5.

thyroid cancer, including a possible role of iodine defi-
ciency or thyroid autoimmunity (23, 24). Pregnancy is a time
of profound physiological changes contributing to thyroid
gland enlargement (particularly in iodine-deficient regions)
and substantial increases in thyroid hormone, fetal iodine
requirements, and renal iodine loss (24). Dietary intake of
iodine, an essential nutrient in thyroid hormone synthesis, is
often inadequate in pregnancy, and residing in regions char-
acterized by mild-to-moderate iodine deficiency (e.g., Den-

Am J Epidemiol. 2022;00(00):1-14

mark before mandatory iodine supplementation in the early-
2000s) greatly increases the risk of developing severe iodine
deficiency in pregnancy (23-25). Iodine deficiency increases
the risk of maternal (and fetal) thyroid dysfunction and
goiter, particularly in the presence of thyroid autoimmunity
(present in about 18% of pregnancies); consequently, overt
thyroid dysfunction is prevalent in about 4% of all preg-
nancies (24). Experimental and ecological studies have sug-
gested a link between iodine deficiency and increased risk
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of thyroid cancer, particularly follicular thyroid carcinoma
(23). Among the cases in our study, iodine deficiency may
explain the relatively high proportion of follicular (17%)
and low proportion of papillary (74%) thyroid carcinoma
in Denmark versus the other 3 countries (25). In addition
to iodine deficiency, thyroid autoimmune disorders such as
Graves disease and Hashimoto thyroiditis may trigger the
development of thyroid dysfunction, which may, in turn,
contribute to an increased risk of maternal thyroid cancer
(21, 22). Suppression of thyroid autoantibodies and thy-
roid stimulating hormone have been proposed as possible
biological mechanisms underlying the inverse association
between smoking and thyroid cancer (26). Consistent with
our findings for maternal thyroid disorders and papillary thy-
roid cancer risk, positive thyroid peroxidase (TPO) antibody
status and TPO antibody titer were positively associated with
papillary thyroid cancer in a recent nested case-control study
of US active-duty personnel (27).

In addition to thyroid dysfunction and autoimmunity,
the results from this analysis suggest a possible role of
sex steroid and growth hormones in thyroid cancer devel-
opment. Estradiol and progesterone rise substantially over
the course of gestation and may directly influence thyroid
cancer progression by increasing proliferation of existing
thyroid cancer cells, or indirectly by influencing thyroid
hormone synthesis (28). Experimental studies have shown
greater estrogen receptor (ER) expression in thyroid cancer
versus normal thyroid tissue; they have also shown that
estradiol directly regulates thyroid cancer cell proliferation
by binding to ER-a and ER-f (29). Overt thyroid diseases in
pregnancy have been linked to increased risk of miscarriage
and other adverse obstetrical and fetal outcomes, such as
preterm birth, both low and high birth weight, and some
outcomes that were not associated with maternal thyroid
cancer risk in our study (e.g., preeclampsia, gestational
diabetes, and placental abruption) (24, 30). Hyperemesis
gravidarum also has been associated with increased risk
of maternal hyperthyroidism (9). Birth weight is positively
associated with concentrations of maternal and fetal growth
hormone, including insulin-like growth factor-I (IGF-I) (10),
and prediagnostic IGF-I has been positively associated with
differentiated thyroid cancer risk (31). Higher birth weight
is also associated with more circulating maternal estriol and
progesterone (10). Prospective studies that directly evalu-
ate prediagnostic measurements of thyroid hormones and
autoantibodies, sex steroid hormones, and growth hormones
in relation to maternal thyroid cancer risk may provide addi-
tional insights about the biological mechanisms contributing
to thyroid carcinogenesis.

Strengths of this study include the large number of thyroid
cancer cases and controls identified over a study period span-
ning several decades, made possible by combining high-
quality, nationwide birth, hospital, and cancer registry data
from 4 Nordic countries. Mandatory reporting of pregnancy
and birth information to the MBRs allowed for nearly com-
plete data for most variables of interest.

Study limitations include potential underascertainment of
some maternal or offspring medical diagnoses. Diagnoses
occurring under the care of nonspecialists (e.g., general prac-
titioners) and not referred to hospital specialists were not

included in the National Patient Registries (16). In general,
underascertainment of these conditions was expected to bias
associations toward the null. Data on prepregnancy body
mass index and smoking in pregnancy were not available
across all the countries and the entire study period. Thus, we
had limited statistical power to assess these factors as main
exposures or potential confounding factors; these findings
also may not be generalizable to the full study population.
In addition, we were unable to evaluate maternal thyroid
cancer risk in relation to breastfeeding, which is highly
prevalent in the Nordic countries and increases susceptibility
to iodine deficiency (24). As mentioned above, detection
bias is also a major concern in epidemiologic studies of thy-
roid cancer. In addition to serving as surrogates for hormonal
exposures, some perinatal characteristics examined in this
study could reflect greater health-care access and utilization,
thereby increasing the likelihood of incidental detection. We
used various statistical approaches, such as excluding cases
diagnosed within 2 (or 5) years after pregnancy, to mini-
mize this bias. However, such exclusions may inadvertently
have hindered our ability to detect true causal associations
of pregnancy hormones, which could have contributed to
growth and progression of existing tumors to the point of
clinical detection. Individual matching of cases and controls
by county of residence helped to minimize detection bias
by reducing variation in access to health care and thy-
roid diagnostic practices, while also controlling for other
potential sources of confounding, including regional differ-
ences in iodine intake. Furthermore, incidental detection/
overdiagnosis appears to be less pervasive in the Nordic
countries compared with other high-income countries (32).
Another limitation was the lack of information on childhood
exposure to ionizing radiation and genetic predisposition
to thyroid cancer. Still, these factors were unlikely to have
been associated with the perinatal characteristics examined
and would therefore not have been expected to act as strong
confounders. Finally, we lacked data on disease severity and
treatments for the medical conditions examined. Additional
linkages with national hospital, patient, and prescription
registries, which cover a more limited timespan than the
birth registries, would be more costly and time-consuming
to conduct but would allow for a more in-depth investigation
of the associations examined here.

In summary, the results of this large population-based
registry linkage study support a link between pregnancy-
related hormonal exposures and maternal thyroid cancer
risk. Future studies are needed to confirm these findings and
to better understand the potential underlying mechanisms.
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