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Context: Thyroid nodules, adenomas, and goiter have consistently been associated with thyroid
cancer risk. Few studies have assessed whether thyroid dysfunction and thyroid autoimmunity
influence this risk.

Objective: To examine thyroid cancer risk after diagnoses of a wide range of benign thyroid
conditions.

Design: Hospital and cancer registry linkage cohort study for the years 1978 to 2013.
Setting: Nationwide (Denmark).

Participants: Patients diagnosed with hyperthyroidism (n = 85,169), hypothyroidism (n = 63,143),
thyroiditis (n = 12,532), nontoxic nodular goiter (n = 65,782), simple goiter (n = 11,582), other/
unspecified goiter (n = 21,953), or adenoma (n = 6,481) among 8,258,807 residents of Denmark
during the study period.

Main Outcome Measures: We computed standardized incidence ratios (SIRs) for differentiated
thyroid cancer, excluding the first 12 months of follow-up after benign thyroid disease diagnosis.

Results: SIRs were significantly elevated for all benign thyroid diseases apart from hypothyroidism.
SIRs were higher for men than women and in the earlier follow-up periods. Elevated SIRs were
observed for localized and regional/distant thyroid cancer. After excluding the first 10 years of
follow-up, hyperthyroidism [n = 27 thyroid cancer cases; SIR = 2.00; 95% confidence interval (Cl): 1.32
to 2.92], nontoxic nodular goiter (n = 83; SIR =4.91; 95% ClI: 3.91 to 6.09), simple goiter (n =8; SIR =
4.33; 95% Cl: 1.87 to 8.53), other/unspecified goiter (n = 20; SIR = 3.94; 95% Cl: 2.40 to 6.08), and
adenoma (n = 9; SIR = 6.02; 95% ClI: 2.76 to 11.5) remained positively associated with thyroid
cancer risk.

Conclusions: We found an unexpected increased risk of differentiated thyroid cancer, including
regional/distant disease, following diagnosis of hyperthyroidism and thyroiditis that could not be
solely attributed to increased medical surveillance. Hypothyroidism was less clearly associated with
thyroid cancer risk. (J Clin Endocrinol Metab 103: 2216-2224, 2018)

hyroid cancer is the most common endocrine ma-
lignancy, accounting for 2.1% of all cancer diagnoses
worldwide (1). Its incidence has been increasing over the
past few decades in several countries (2), including
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Denmark (3). Although much of the increase in thyroid
cancer incidence appears to stem from improved de-
tection and diagnosis, the rising incidence of larger, more
advanced-stage tumors suggests that some of the increase

Abbreviations: Cl, confidence interval; DCR, Danish Cancer Registry; SIR, standardized
incidence ratio; TSH, thyroid-stimulating hormone.
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is due to etiologic factors (4). However, the recognized
risk factors for thyroid cancer (e.g., female sex, white
race, high-dose ionizing radiation exposure in childhood,
and obesity) are either inherent or difficult to modify
(S, 6).

Benign thyroid nodules, adenoma, and goiter have
been associated consistently with thyroid cancer risk in
epidemiologic studies. The relative risks are ~30 for
benign thyroid nodules and adenoma and 5 for goiter, in
comparisons of individuals with and without each con-
dition (6-13). The increased risk of thyroid cancer im-
mediately following detection of these conditions likely
reflects increased surveillance or diagnostic workup,
whereas long-term elevated risks may reflect shared ge-
netic and environmental risk factors. Functional thyroid
diseases have been associated less consistently with
subsequent risk of thyroid cancer, with some (7, 8, 14),
but not all (9-12), studies finding an association for
hyperthyroidism and one study (12), but not others
(7-11), finding an association for hypothyroidism. Evi-
dence on whether autoimmune thyroiditis influences
thyroid cancer risk is limited and inconsistent (8, 12, 15).
Of continued debate has been whether Hashimoto thy-
roiditis predisposes to papillary thyroid cancer; however,
early support for this hypothesis was largely based on
retrospective studies of patients undergoing thyroidec-
tomy, raising concerns about selection bias and inability
of such studies to establish a temporal relationship (16).

More recent observational studies evaluating the re-
lationship between benign thyroid conditions and thyroid
cancer risk have been limited by a reliance on self-
reported medical history (7-11, 13), with some of the
studies collecting this information retrospectively (7, 10,
11, 13), raising concerns about recall bias. Large pro-
spective studies, with long-term follow-up and high-
quality medication information, are needed to improve
our understanding of the role of thyroid dysfunction and
autoimmunity in thyroid cancer etiology and to identify
patients at high risk of future malignancy.

We therefore prospectively examined benign thyroid
conditions and risk of differentiated thyroid cancer using
information for the period 1978 to 2013 from nationwide
hospital and cancer registries in Denmark.

Methods

Source population

We constructed a study cohort by linking nationwide reg-
istry data on inpatient hospitalizations and hospital outpatient
clinic visits, cancer diagnoses, migration status, and vital status
in Denmark for the period between 1 January 1978 and 30
November 2013. The Danish National Health Service guar-
antees tax-supported health care for all residents. Health service
utilization is tracked by several nationwide registries, which are
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linkable using each resident’s unique civil personal registration
number, which has been assigned to all Danish residents at birth
or upon immigration since 1968 (16). We used the Danish Civil
Registration System to identify residents of Denmark and in-
formation on migration and vital status (17). Our study’s source
population consisted of the 8,258,807 men and women (cu-
mulatively) who resided in Denmark during the study period.
Because this analysis was register based, consent from indi-
vidual participants was not required, in accordance with
Danish law.

Benign thyroid conditions

The Danish National Patient Registry contains information
on all inpatient hospitalizations at Danish nonpsychiatric
hospitals since 1977 and on outpatient and emergency de-
partment visits since 1995 (18, 19). Each hospital contact is
recorded by physicians with one primary diagnosis and one or
more secondary diagnoses classified according to the In-
ternational Classification of Diseases, Eighth Revision until the
end of 1993 and the International Classification of Diseases,
Tenth Revision thereafter. We used the Danish National Patient
Registry to identify all patients with a first-time diagnosis of a
benign thyroid condition during the study period: hyperthy-
roidism, hypothyroidism, thyroiditis, goiter (nontoxic nodular,
simple, or other/unspecified), or thyroid adenoma (see Table 1
for codes). Capture of certain benign thyroid disease subtypes
defined only by International Classification of Diseases, Tenth
Revision codes were consequently restricted to the 1994 t0 2013
period; these included thyrotoxicosis with diffuse goiter (Graves
disease), thyrotoxicosis with toxic nodules, and autoimmune,
subacute, and acute thyroiditis.

Thyroid cancer

To identify incident thyroid cancer cases, patients with a
diagnosis of a benign thyroid disease were linked to the Danish
Cancer Registry (DCR). The DCR has recorded all incident
cancers in Denmark since 1943, with mandatory reporting since
1987 (20). The DCR also provided data on thyroid cancer
histology and stage at diagnosis. Papillary and follicular thyroid
cancer were classified according to the International Classifi-
cation of Diseases for Oncology, Third Edition (Table 1).

Exclusions

Patients with a diagnosis of hypothyroidism and hyper-
thyroidism on the same date (n = 487) were excluded. We
additionally excluded patients with a diagnosis of cancer other
than nonmelanoma skin cancer prior to their diagnosis of be-
nign thyroid disease; these exclusions (ranging from 33 in-
dividuals in analyses of acute thyroiditis to 8853 individuals in
analyses of hypothyroidism) were applied separately for each
benign thyroid disease.

Statistical analysis

Follow-up began 1 year after the date of first diagnosis of the
benign thyroid disease of interest (to minimize diagnostic
workup or surveillance biases) until the date of incident cancer
diagnosis (other than nonmelanoma skin cancer), death, emi-
gration, or 30 November 2013, whichever came first. The
expected number of thyroid cancer cases was computed using
national incidence rates by age (5-year categories), sex, and year
of diagnosis (5-year categories) multiplied by person-years of
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Table 1. International Classification of Diseases and International Classification of Diseases for

Oncology Codes

Diagnosis

ICD-8 or ICD-10 Codes ICD-O-3

Thyroid cancer

Papillary

Follicular

Hyperthyroidism

Thyrotoxicosis with diffuse goiter (Graves) (1994-2013)
Thyrotoxicosis with toxic nodules (1994-2013)
Hypothyroidism

Thyroiditis (total)

Autoimmune thyroiditis (1994-2013)
Subacute thyroiditis (1994-2013)

Acute thyroiditis (1994-2013)

Nontoxic nodular goiter

Simple goiter

Other/unspecified goiter

Thyroid adenoma

C73

8050, 8260, 8340-8344, 8350, 8450-8460

8290, 8330-8335
242; EO5
E05.0, E05.8, E05.9
E05.2, EO5.3
244; E02, E03.2-E03.9, E89.0
245; E06
E06.3
E06.1
E06.0
241, E01.1, EO4.1, EO4.2
240.0; EO1.0, E04.0
240.9; EO01.2, E04.8, E04.9
226; D34

Abbreviations: ICD-8, International Classification of Diseases, Eighth Revision; ICD-10, International Classification of Diseases, Tenth Revision; ICD-O-3,

International Classification of Diseases for Oncology, Third Edition.

follow-up. Standardized incidence ratios (SIRs) for differenti-
ated thyroid cancer were computed as the ratio of observed to
expected cancers. We computed 95 % confidence intervals (Cls)
for the SIRs assuming that the observed number of cases in a
specific category followed a Poisson distribution, using Byar’s
approximation. Results were stratified by sex, age at thyroid
disease diagnosis, and calendar period at thyroid disease di-
agnosis. We also stratified the results by time since be-
nign thyroid disease diagnosis (1 to <2 years, 2 to <§ years, 5 to
<10 years, or 10+ years) to evaluate the impact of diagnostic
workup of the disease, which could have resulted in the de-
tection and diagnosis of prevalent occult thyroid cancers. All
analyses were performed separately according to histologic type
of thyroid cancer (papillary or follicular) and stage at diagnosis
(localized or regional/distant). We additionally stratified the
associations for hyperthyroidism and simple goiter according to
treatment (vs no treatment) with radioactive iodine (iodine-131)
during the period 2004 to 2013, to allow for a 2-year latency
following the availability of these data starting in the year 2002.

All statistical analyses were performed in SAS version 9.4
(SAS Institute Inc., Cary, NC). The study was approved by the
Danish Data Protection Agency, record number 1-16-02-1-08.
Studies based on registry data in Denmark do not require
informed consent.

Results

Characteristics of the patients diagnosed with benign
thyroid diseases from 1978 to 2013 are shown in Table 2.
The most common diagnoses were hyperthyroidism (n =
85,169) and hypothyroidism (n = 63,143); thyroid ad-
enoma was the least common (n = 6481). Most patients in
each disease category were women (=75% for each). The
median ages at diagnosis of hyperthyroidism and hy-
pothyroidism (57.3 and 58.9 years, respectively) were
higher than those for the other benign thyroid disease
types (range: 45.0 to 49.1 years). Follow-up times ranged
from 1 to 36 years. By type of benign thyroid disease,

median follow-up time ranged from 6.3 years
(interquartile range: 3.2 to 11.0 years) for hypothy-
roidism to 11.6 years (interquartile range: 5.4 to 18.9
years) for nontoxic nodular goiter.

SIRs were significantly elevated for all benign thyroid
diseases examined apart from hypothyroidism (Table 3).
SIRs were higher for men than women (except for thy-
roiditis patients), higher for patients diagnosed with
hyperthyroidism and thyroiditis at younger vs older ages,
and higher for adenoma patients diagnosed at older vs
younger ages. Nontoxic nodular goiter, simple goiter,
other/unspecified goiter, and thyroid adenoma were more
strongly associated with follicular thyroid cancer than
papillary thyroid cancer, and thyroiditis was more clearly
associated with papillary thyroid cancer; otherwise, the
associations for papillary and follicular thyroid cancer
were similar in magnitude. Results were generally similar
for localized and regional/distant thyroid cancer at di-
agnosis, though slightly higher SIRs were observed for
regional/distant thyroid cancer following thyroiditis,
nontoxic nodular goiter, simple goiter, and thyroid ad-
enoma. SIRs were also higher in the earlier follow-up
periods (suggesting a role of detection or diagnostic
workup bias). After excluding the first 10 years of follow-
up, hyperthyroidism (n = 27 thyroid cancer cases, SIR =
2.00, 95% CI: 1.32 to 2.92), nontoxic nodular goiter (n =
83,SIR =4.91,95% CI: 3.91 to 6.09), simple goiter (n = 8,
SIR =4.33,95% CI: 1.87 to 8.53), other/unspecified goiter
(n =20, SIR = 3.94, 95% CI: 2.40 to 6.08), and adenoma
(n =9, SIR = 6.02, 95% CI: 2.76 to 11.5) remained
positively associated with thyroid cancer risk; no associ-
ation was observed for hypothyroidism after excluding the
first 5 years of follow-up (Fig. 1). Results were slightly
stronger after restricting to benign thyroid diseases
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Table 2. Descriptive Characteristics of Patients Diagnosed With Benign Thyroid Conditions, Denmark,
1978-2013
Nontoxic Nodular Simple Other/Unspecified Thyroid
Hyperthyroidism Hypothyroidism Thyroiditis Goiter Goiter Goiter Adenoma
Total no. of subjects 85,169 63,143 12,532 65,782 11,582 21,953 6481
Sex
Men 17% 15% 16% 16% 15% 14% 25%
Women 83% 85% 84% 84% 85% 86% 75%

Age at benign
thyroid disease
diagnosis

Median, y (IQR)

Calendar year at
benign thyroid
disease diagnosis

57.3(42.7-70.9)  58.9 (42.2-73.4)

1978-1982 9% 5% 4%
1983-1987 7% 5% 4%
1988-1992 8% 7% 5%
1993-1997 16% 1% 12%
1998-2002 21% 17% 17%
2003-2007 21% 24% 24%
2008-2013 18% 32% 34%
Follow-up
Median, y (IQR) 9.1 (4.7-14.7) 6.3 (3.2-11.0) 7.8 (4.0-13.9)
Comorbid thyroid
diseases
Hyperthyroidism — 12% 10%
Hypothyroidism 2% — 26%
Thyroiditis 1% 6% —
Nontoxic nodular 5% 8% 6%
goiter
Simple goiter 1% 2% 1%
Other/unspecified 3% 3% 2%
goiter
Thyroid adenoma 0.3% 0.5% 1%

45.0 (33.8-56.2)

49.1 (39.2-60.3)  47.1(35.9-60.0) 48.4(37.7-61.2)  46.4 (36.0-56.9)

1% 1% 13% 8%
10% 1% 9% 10%
9% 2% 7% 1%
16% 23% 13% 17%
17% 25% 19% 14%
16% 23% 23% 15%
21% 24% 16% 26%
11.6 (5.4-18.9) 9.4 (4.8-14.9) 10.6 (6.0-17.2) 10.7 (4.6-18.5)
7% 12% 7% 4%
2% 3% 2% 1%
1% 1% 1% 1%
— 23% 16% 24%
3% — 3% 2%
8% 10% — 5%
2% 2% 1% —

Abbreviation: IQR, interquartile range.

diagnosed in 1995 or later, the period when outpatient
records were complete (Supplemental Table 1). Among the
hyperthyroidism and simple goiter patients diagnosed
during 2004 to 2013 and treated with radioactive iodine,
none received a subsequent diagnosis of thyroid cancer
(data not shown).

Significant increased risks of thyroid cancer were ob-
served for all hyperthyroidism subtypes (thyrotoxicosis with
diffuse goiter, thyrotoxicosis with toxic nodules) and thy-
roiditis subtypes (autoimmune, subacute, acute) (Table 4).
For thyrotoxicosis with diffuse goiter, thyrotoxicosis with
toxic nodules, and autoimmune thyroiditis, thyroid cancer
risk was highest among patients diagnosed before age 30. All
thyroid cancer diagnoses following autoimmune thyroiditis
(n = 7) were in women who had a diagnosis of autoimmune
thyroiditis before age 50; thus, no information was available
on thyroid cancer risks in men or patients diagnosed with
autoimmune thyroiditis at older ages.

Discussion

In this large population-based registry study in Denmark,
we found that patients diagnosed with hyperthyroidism,
thyroiditis, goiter, and adenoma had significantly ele-
vated risks of differentiated thyroid cancer. These risks
were generally greater for men than for women (except

for thyroiditis) and closer in time to benign thyroid
disease diagnosis (the latter suggesting a role of detection
or diagnostic workup bias); however, increased risks
were observed for localized and more advanced thyroid
cancer at diagnosis. Thyroid cancer risks remained sig-
nificantly elevated =10 years after diagnosis of hyper-
thyroidism (twofold) and goiter and adenoma (four- to
sixfold). Thyroiditis was associated with a non-
significant, twofold increase in risk =10 years after di-
agnosis, but results were based on small numbers of cases.
Risk of differentiated thyroid cancer was not elevated =5
years after diagnosis of hypothyroidism.

Although thyroid nodules and goiter have been
strongly and consistently associated with increased risk of
thyroid cancer, the role of functional thyroid diseases
(e.g., hyperthyroidism and hypothyroidism) and thyroid
autoimmunity in thyroid cancer development has been
less clear. Data from an international pooled analysis of
12 case-control studies (2519 cases and 4176 controls)
showed strong associations for self-reported history of
benign nodules and goiter, but no association for hy-
pothyroidism (7). Although hyperthyroidism was asso-
ciated with an increased risk of subsequent thyroid
cancer, the association attenuated after excluding thyroid
cancers diagnosed within 2 years of a hyperthyroidism
diagnosis, and after adjusting for medical history of
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Table 3.

Patient Characteristics, Denmark, 1978-2013

SIRs for Differentiated Thyroid Cancer in Patients Diagnosed With Benign Thyroid Conditions, by

Hyperthyroidism

Hypothyroidism

Thyroiditis

Cases SIR (95% CI) Cases SIR (95% CI) Cases SIR (95% Cl)

Overall 118 3.26 (2.70-3.91) 29 1.42 (0.95-2.04) 17 3.25 (1.89-5.20)
Sex

Men 14 5.43 (2.96-9.11) 3 2.45 (0.51-7.17) 1 9 (0.08-17.2)

Women 104 3.10 (2.53-3.75) 26 1.36 (0.89-1.99) 16 6 (1.86-5.29)
Age at benign thyroid

disease diagnosis

<30y 23 5.31 (3.36-7.97) 5 2.46 (0.80-5.73) 5 6.96 (2.25-16.2)

3049y 44 3.01(2.19-4.04) 10 1.30 (0.62-2.39) 10 3.51 (1.68-6.45)

50-69 y 40 3.23 (2.31-4.40) 9 1.26 (0.58-2.40) 1 0.69 (0.02-3.85)

70+y 1M1 2.28 (1.14-4.08) 5 1.40 (0.45-3.27) 1 4.60 (0.12-25.6)
Calendar year at benign

thyroid disease diagnosis

1978-1982 6 1.37 (0.50-2.99) 3 2.40 (0.49-7.01) 1 2.59 (0.07-14.4)

1983-1987 9 2.65 (1.22-5.04) 0 — 2 5.17 (0.63-18.7)

1988-1992 5 1.35 (0.44-3.13) 1 0.58 (0.01-3.21) 1 2.48 (0.06-13.8)

1993-1997 24 3.30 (2.12-4.91) 3 0.90 (0.19-2.62) 2 1.88 (0.23-6.77)

1998-2002 29 3.41 (2.28-4.89) 3 0.63 (0.13-1.84) 4 3.34 (0.91-8.54)

2003-2007 28 4.19 (2.78-6.05) 7 1.29 (0.52-2.66) 5 4.28 (1.39-9.98)

2008-2013 17 7.73 (4.50-12.4) 12 4.38 (2.26-7.65) 2 3.21(0.39-11.6)
Thyroid cancer histology

Papillary 83 3.19 (2.54-3.95) 21 1.43 (0.88-2.18) 14 3.51(1.92-5.89)

Follicular 35 3.47 (2.41-4.82) 8 1.41 (0.61-2.78) 3 2.41 (0.50-7.04)
Thyroid cancer stage

Localized 77 3.44 (2.72-4.31) 19 1.54 (0.93-2.40) 9 2.64 (1.21-5.01)

Regional/distant 23 2.40 (1.52-3.60) 5 0.92 (0.30-2.14) 8 6.59 (2.84-13.0)

goiter. A cohort study of 90,713 US radiology technicians
yielded similar findings (8), showing positive associations
for self-reported baseline medical history of nodules/
adenoma, goiter, and hyperthyroidism with thyroid
cancer risk. Hypothyroidism was not associated with
thyroid cancer risk in either women or men, but the latter
result for men was based on only one exposed case.
Thyroiditis also was not associated with risk, but results
were similarly imprecise. Other studies relying on self-
reported history of benign thyroid diseases generally have
reported weaker or null associations for hyperthyroidism
or hypothyroidism, despite observing relatively high
relative risks for nodules and/or goiter (9-11).

The few large cohort studies that have used hospital
discharge records provide some of the strongest evidence
regarding the association between benign thyroid dis-
eases and thyroid cancer risk. An earlier Danish study
based on hospital inpatient data for the 1977 to 1988
period followed 57,326 patients diagnosed with hyper-
thyroidism, hypothyroidism, or nontoxic goiter and
recorded an increased thyroid cancer risk in hyperthy-
roidism and goiter after exclusion of thyroid cancers
detected in the first year after diagnosis of benign thyroid
disease (21). We obtained similar results with an added
25 years of follow-up and inclusion of outpatient clinic
data starting in 1995. Our finding of an increased risk of
thyroid cancer following a diagnosis of thyroiditis is

(Continued)

consistent with previous registry-based cohort studies in
the United States and Taiwan (12, 15). In our study,
however, we found that association between thyroiditis
and thyroid cancer risk was elevated following diagnosis
of all subtypes of thyroiditis, not just autoimmune thy-
roiditis, which may indicate a component of surveillance
bias. Thyrotoxicosis with diffuse goiter (Graves disease),
another autoimmune thyroid disorder and a major un-
derlying cause of hyperthyroidism, was also associated
with an increased risk of thyroid cancer that persisted for
many years after thyrotoxicosis diagnosis, consistent
with findings from Taiwanese and Swedish record-
linkage studies (22, 23). A large registry-based cohort
study of US male military veterans found a nonsignificant
elevated risk of thyroid cancer associated with thyro-
toxicosis after excluding the first 5 years of follow-up
(relative risk = 2.0, 95% CI: 0.8 to 4.8), but this finding
was based on only five thyroid cancer cases, precluding
separate evaluation of thyrotoxicosis according to pres-
ence or absence of Graves disease (12).

Although not inconsistent with prior studies on the topic,
our results showing positive associations for hyperthy-
roidism, but not hypothyroidism, with differentiated thy-
roid cancer risk were surprising considering that high
thyroid-stimulating hormone (TSH) levels (characteristic
of hypothyroidism) have long been hypothesized to pro-
mote thyroid cancer development (6). In laboratory settings,
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Table 3.

SIRs for Differentiated Thyroid Cancer in Patients Diagnosed With Benign Thyroid Conditions, by

Patient Characteristics, Denmark, 1978-2013 (Continued)

Nontoxic Nodular Goiter Simple Goiter Other/Unspecified Goiter Thyroid Adenoma
Cases SIR (95% ClI) Cases SIR (95% CI) Cases SIR (95% ClI) Cases SIR (95% ClI)

282 7.90 (7.01-8.88) 45 8.25 (6.02-11.0) 86 7.36 (5.89-9.09) 25 7.95 (5.14-11.7)
47 21.7 (16.0-28.9) 5 17.7 (5.8-41.3) 11 17.6 (8.78-31.5) 10 32.9 (15.8-60.6)
235 7.01 (6.14-7.97) 40 7.73 (5.52-10.5) 75 6.78 (5.34-8.50) 15 5.28 (2.95-8.70)
50 12.5(9.27-16.5) 5 6.31 (2.04-14.7) 14 7.70 (4.21-12.9) 3 6.03 (1.24-17.6)
139 6.90 (5.80-8.15) 24 7.89 (5.06-11.8) 49 7.74 (5.73-10.2) 8 4.51 (1.94-8.88)
68 6.94 (5.39-8.80) 8 6.07 (2.61-12.0) 17 5.92 (3.45-9.48) 9 11.7 (5.37-22.3)
25 14.4 (9.32-21.3) 8 26.3 (11.3-51.8) 6 9.03 (3.31-19.7) 5 46.5 (15.1-108)
29 4.88 (3.27-7.02) 0 — 7 3.39 (1.36-6.99) 2 5.68 (0.69-20.5)
24 4.80 (3.07-7.14) 0 — 6 4.05 (1.49-8.83) 2 4.43 (0.54-16.0)
29 6.54 (4.38-9.40) 1 5.99 (0.15-33.4) 7 6.45 (2.59-13.3) 3 5.87 (1.21-17.1)
60 8.45 (6.45-10.9) 13 6.85 (3.65-11.7) 19 9.99 (6.01-15.6) 8 11.0 (4.75-21.7)
54 8.03 (6.03-10.5) 12 7.12 (3.68-12.4) 22 8.71 (5.46-13.2) 5 9.91 (3.21-23.1)
49 11.0 (8.13-14.5) 12 11.0 (5.66-19.1) 14 6.63 (3.62-11.1) 3 8.23 (1.70-24.0)
37 18.3 (12.9-25.2) 7 17.3 (6.92-35.5) 11 21.6 (10.8-38.6) 2 8.48 (1.03-30.6)
174 6.54 (5.61-7.59) 34 8.02 (5.55-11.2) 59 6.69 (5.09-8.63) 14 5.85 (3.20-9.82)
108 11.9 (9.76-14.4) 11 9.06 (4.51-16.2) 27 9.43 (6.21-13.7) 11 14.6 (7.28-26.1)
182 7.71 (6.63-8.92) 25 6.89 (4.45-10.2) 56 7.23 (5.46-9.38) 11 5.28 (2.63-9.45)
73 8.80 (6.90-11.1) 13 10.6 (5.63-18.1) 19 7.06 (4.25-11.0) 10 13.7 (6.56-25.2)

TSH stimulates follicular thyroid cell growth, and numer-
ous cross-sectional studies indicate that higher levels of TSH
are predictive of malignancy among thyroid nodule patients
(24). Consistent with our study, two large prospective
studies in the United States and Europe showed unexpected
inverse associations between prediagnostic levels of TSH
within the euthyroid range and subsequent risk of differ-
entiated thyroid cancer (25, 26). However, these findings
may not be directly comparable to ours, because TSH levels
in patients with overt thyroid disease are secondary to a
primary abnormality of the thyroid gland. One explanation
for the increased risk of thyroid cancer following diagnosis
of Graves disease is the TSH-mimicking effects of thyroid
stimulating antibody (27). Thyroid stimulating antibody
has also been shown to be a marker of thyroid cancer
aggressiveness in patients with Graves disease (28). Hy-
perthyroidism is also related to changes in sex steroid—
binding globulin and sex steroid hormones, including
elevations in estradiol, which may have a direct influence on
thyroid carcinogenesis (29, 30). Further investigation is
needed to better understand the mechanisms underlying the
increased risk of thyroid cancer in hyperthyroid patients.
Radioactive iodine (iodine-131) treatment of overt hy-
perthyroidism has also been associated with an increased
risk of subsequent thyroid cancer in some (31, 32), but not
all (33, 34), studies. However, positive findings from those
studies were based on small numbers of exposed cases, and
none of the thyroid cancer cases diagnosed in our study

had a record of radioactive iodine treatment of hyper-
thyroidism. Taken together, these results suggest that the
long-term increased risk of thyroid cancer following hy-
perthyroidism is more likely attributable to underlying
disease as opposed to an effect of treatment.

Our study has several important strengths: the large size
of the cohort and its nationwide coverage; prospective, long-
term, and complete follow-up for cancer incidence; the
availability of highly valid diagnostic data on both thyroid
diseases and thyroid cancer; and the wide range of benign
thyroid diseases examined. We excluded the first year of
follow-up and further evaluated risks by increasing time
since benign thyroid disease diagnosis to reduce the potential
for diagnostic workup bias or enhanced surveillance.
However, considering the slow-growing and indolent nature
of most differentiated thyroid cancers, we cannot eliminate
the possibility that even long-term elevated risks of thyroid
cancer were attributable, in whole or in part, to incidental
detection of thyroid cancer following routine diagnostic
evaluations. Detection bias is of concern particularly for
patients with structural disease, such as nodules, ade-
noma, or goiter, who might receive ultrasonography of
the thyroid region, fine-needle aspiration biopsy, and/or
surgery with incidental detection of thyroid cancer, even
several years after the initial diagnosis of the benign
condition. However, the positive associations observed
in this study were not limited to localized thyroid cancer,
which is what would be expected if our results were
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Benign thyroid condition No. cancer SIR (95% ClI)

Hyperthyroidism

Follow-up: 1-<2 years 21 6.58 (4.07-10.1)
Follow-up: 2-<5 years 41 4.79 (3.44-6.50)
Follow-up: 5-<10 years 29 2.65 (1.78-3.81)
Follow-up: 10+ years 27 2.00 (1.32-2.92)
Hypothyroidism
Follow-up: 1-<2 years 8 3.07 (1.32-6.05)
Follow-up: 2-<5 years 15 2.41 (1.35-3.97)
Follow-up: 5-<10 years 0.63 (0.17-1.61)

Follow-up: 10+ years 2 0.38 (0.05-1.39)
Thyroiditis
Follow-up: 1-<2 years 4 7.49 (2.04-19.2)
Follow-up: 2-<5 years 4 2.95 (0.80-7.56)
Follow-up: 5-<10 years 4 2.58 (0.70-6.60)
Follow-up: 10+ years 5 2.79 (0.90-6.50)
Nontoxic nodular goiter
Follow-up: 1-<2 years 74 29.0 (22.8-36.4)
Follow-up: 2-<5 years 68 9.87 (7.66-12.5)
Follow-up: 5-<10 years 57 6.11 (4.62-7.91)
Follow-up: 10+ years 83 4.91 (3.91-6.09)
Simple goiter
Follow-up: 1-<2 years 11 22.6 (11.3-40.5)
Follow-up: 2-<5 years 17 12.8 (7.45-20.5)
Follow-up: 5-<10 years 9 5.02 (2.30-9.53)
Follow-up: 10+ years 8 4.33 (1.87-8.53)
Other/unspecified goiter
Follow-up: 1-<2 years 19 22.3(13.4-34.8)
Follow-up: 2-<5 years 24 9.95 (6.38-14.8)
Follow-up: 5-<10 years 23 6.90 (4.37-10.4)
Follow-up: 10+ years 20 3.94 (2.40-6.08)
Thyroid adenoma
Follow-up: 1-<2 years 5 20.9 (6.78-48.8)
Follow-up: 2-<5 years 6 9.73 (3.57-21.2)
Follow-up: 5-<10 years 5 6.28 (2.03-14.6)
Follow-up: 10+ years 9 6.02 (2.76-11.5)

10.00 20.00 30.00 40.00 50.00

Figure 1. SIRs and 95% Cls for differentiated thyroid cancer in patients diagnosed with benign thyroid disease, by time since benign thyroid
disease diagnosis, Denmark, 1978 to 2013. The vertical dotted grey line represents no association (SIR of 1.00).

solely attributable to incidental detection. On the con-
trary, the risks of more advanced (regional/distant)
thyroid cancer following diagnoses of thyroiditis,
nontoxic nodular goiter, simple goiter, and adenoma
were higher than the risks of localized disease. Addi-
tional studies that distinguish incidentally detected vs

more clinically relevant thyroid cancers (i.e., by sepa-
rately evaluating risks according to thyroid cancer stage,
size, and/or molecular profile) are needed to confirm
our findings.

Our study had several additional limitations. Out-
patient records were not complete until 1995, which may
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Table 4.

SIRs for Differentiated Thyroid Cancer in Patients Diagnosed With Hyperthyroidism or Thyroiditis

Subtypes, by Patient Characteristics, Denmark, 1994-2013

Thyrotoxicosis With

Thyrotoxicosis With

Autoimmune

Diffuse Goiter (Graves) Toxic Nodules Thyroiditis Subacute Thyroiditis Acute Thyroiditis
Cases SIR(95% CI) Cases SIR(95% ClI) Cases SIR(95% ClI) Cases SIR(95% Cl) Cases SIR (95% Cl)
Overall 71 3.77 2.94-4.75) 26  3.94(2.57-5.77) 7 3.09 (1.24-6.37) 4 3.76 (1.02-9.64) 3 8.19 (1.69-23.9)
Sex
Men 8 5.84 (2.52-11.5) 2 4.87 (0.59-17.6) 0 — 0 — 1 28.8 (0.73-160)
Women 63 3.61(2.77-4.61) 24 3.88(2.48-5.77) 7 3.24 (1.30-6.67) 4 4.12 (1.12-10.6) 2 6.03 (0.73-21.8)
Age at benign
thyroid disease
diagnosis
<30y 17 7.69 (4.47-123) 2 11.2(1.36-40.5) 3  9.02(1.86-26.3) O — 1 19.6 (0.50-109)
3049y 34 4.10(2.84-5.72) 9 4.67 (2.24-8.87) 4 3.40 (0.92-8.69) 3 4.53(0.93-13.2) 2 8.88 (1.07-32.1)
50-69 y 16 2.73(1.56-4.43) 12 3.91(2.02-6.83) 0 — 1 3.97 (0.10-22.1) 0 —
70+y 4 1.62 (0.44-4.15) 3 2.10 (0.43-6.14) 0 — 0 — 0 —
Calendar year at benign
thyroid disease
diagnosis
1994-1997 " 2.26 (1.13-4.04) 7 3.91 (1.57-8.06) 1 2.19 (0.06-12.2) 1 3.40 (0.09-19.0) 2 7.45 (0.19-41.5)
1998-2002 24 3.55(2.27-5.28) 8 3.17 (1.37-6.25) 1 1.61 (0.04-8.99) 1 2.93(0.07-16.3) 2 14.9 (1.80-53.6)
2003-2007 23 4.25(2.69-6.37) 7 4.16 (1.67-8.56) 4 5.59 (1.52-14.3) 1 3.15 (0.08-17.6) 0 —
2008-2013 13 7.25(3.85-124) 4 6.61(1.80-169) 1 2.12(0.05-11.8) 1 9.11(0.23-50.7) 0 —
Time since benign
thyroid disease
diagnosis
Tto<2y 1N 5.29 (2.63-9.46) 8 0.4 (4.50-20.6) 1 3.13 (0.08-17.4) 2 17.8 (2.16-64.4) 0 —
2to <5y 30 5.42(3.66-7.74) 10 .06 (2.42-9.31) 3 3.92 (0.81-11.4) 0 — 0 —
5to <10y 18  2.65(1.57-4.19) 3 .27 (0.26-3.72) 1 1.38 (0.03-7.67) 1 2.62 (0.07-14.6) 3 23.5 (4.83-68.5)
10+y 12 2.70(1.39-4.72) 5 31(1.07-7.72) 2 4.44(054-16.0) 1 3.72(0.09-20.7) 0O —
Thyroid cancer histology
Papillary 56 3.97 (3.00-5.15) 17  3.69 (2.15-5.90) 6 3.39 (1.24-7.39) 3 3.57 (0.73-10.4) 3 10.4 (2.14-30.3)
Follicular 15 3.17(1.77-5.23) 9 4.52 (2.07-8.59) 1 2.03 (0.05-11.3) 1 4.52 (0.11-25.2) 0 —
Thyroid cancer stage
Localized 47 393(2.88-5.22) 19 4.71(2.83-7.36) 4 2.68 (0.73-6.87) 3 4.19 (0.86-12.2) 1 4.08 (0.10-22.7)
Regional/distant 14 3.02 (1.65-5.06) 6 3.40 (1.25-7.42) 3 5.89(1.21-17.2) 1 4.33(0.11-24.1) 2 24.3 (2.94-87.7)

explain the stronger associations observed for benign
thyroid diseases diagnosed in more recent years. Because
there are few known risk factors for thyroid cancer,
confounding by factors not accounted for or incompletely
ascertained in our study is possible, but unlikely to have
biased our results substantially. Lack of laboratory
measures precluded a biochemical validation of thyroid
dysfunction, and lack of prescription data prevented us
from determining the disease severity or treatment effects.
The Danish population is characterized by mild iodine
deficiency, which may limit the generalizability of our
results to populations with different susceptibility to
thyroid disorders related to iodine status (35). Despite the
large size of this study, some of our results were based on
small numbers of cases, which limited our statistical power.
As our results were not adjusted for multiple comparisons,
some findings may be due to chance alone. However, we
had strong a priori rationale for expecting increased risks of
thyroid cancer following diagnoses of goiter (and goiter
subtypes) and adenoma, and indeed our findings showed
that these diseases were most strongly related to thyroid
cancer risk. We also observed consistent patterns in risk by
sex, age at diagnosis, and time since diagnosis.

In conclusion, the results of this large population-based
registry study showed an unexpected increased risk of

differentiated thyroid cancer, including regional/distant
disease, following diagnosis of hyperthyroidism and thy-
roiditis that could not be solely attributed to greater medical
surveillance. Hypothyroidism was less clearly associated
with thyroid cancer risk. Whereas our results support a
possible role of thyroid dysfunction and autoimmunity in
thyroid cancer development, further investigation is needed
to better understand the underlying biological mechanisms.
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