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Background: Patients with differentiated thyroid carcinoma (DTC) have a favorable prognosis after
treatment with thyroidectomy, radioiodine, and TSH suppression. However, treatment is associ-
ated with long-term cardiovascular toxicity. The aim of this study was to evaluate whether there
is an increased risk of atrial fibrillation (AF) in DTC patients and whether AF occurrence is related
to DTC treatment.

Patients and Methods: Incident AF was compared between 518 DTC patients and 1563 matched
controls. A cumulative incidence curve was plotted, and competing risk regression analyses with
adjustment for all-cause mortality were performed. Within the DTC cohort, associations between
time-varying DTC treatment variables and incident AF were analyzed.

Results: For both cohorts, the mean age was 48.6 years (75% of subjects were women). The AF
incidence rate was 6.2/1000 person-years for DTC patients and 2.7/1000 person-years for controls.
DTC patients had a 2.25-fold (95% confidence interval [CI], 1.40–3.63) and 2.47-fold (95% CI,
1.55–3.95) increased AF risk in crude and fully adjusted analyses, respectively. Within the DTC
cohort, the TSH level (which was suppressed in 85.7% of patients) was not associated with AF,
whereas a higher cumulative radioiodine dose slightly increased AF risk: subdistribution hazard
ratio, 1.04 (95% CI, 1.01–1.08) per 50 mCi (1.85 GBq) increase, after adjustment.

Conclusion: Patients with DTC have an increased AF risk, independent from established AF risk
factors. We could not demonstrate a relation between TSH and AF, whereas a higher cumulative
radioiodine dose was associated with a slightly increased AF risk. Electrocardiogram screening for
AF may be warranted during follow-up of DTC patients to allow early diagnosis and treatment of
AF and to prevent its complications. (J Clin Endocrinol Metab 100: 4563–4569, 2015)

Thyroid carcinoma has a favorable prognosis, with a
5-year relative survival of 98% and an estimated

number of 470 020 female thyroid carcinoma survivors
for 2014 in the United States (1). Differentiated thyroid
carcinoma (DTC), ie, papillary and follicular thyroid car-
cinoma (2), represents the most common type of thyroid
carcinoma, accounting for 97% of cases (1). Standard

DTC treatment comprises a total thyroidectomy, a neck
lymph node dissection if indicated, and radioiodine (131I)
ablation treatment, followed by thyroid hormone sup-
pression therapy (THST). Goals of the latter are to replace
patients with thyroid hormone and to lower or suppress
the pituitary TSH because TSH may promote growth of
residual malignant thyroid cells.
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Since the use of THST for DTC, concerns have raised
about possible adverse cardiovascular effects. Several
studies endorse these concerns, as cardiac systolic and di-
astolic dysfunction, decreased arterial elasticity, and pro-
thrombotic effects of THST have been documented in
DTC patients (2–5). Moreover, we have recently reported
an independent association between lower TSH levels and
an increased risk of cardiovascular mortality during long-
term follow-up in our DTC cohort (6). Importantly, sur-
vivors of DTC are not only faced with an increased risk for
cardiovascular mortality, but may also be more suscepti-
ble to the development of atrial fibrillation (AF) and its
complications, such as stroke. In noncancer patients, it is
well known that overt and subclinical hyperthyroidism
are associated with an increased risk of AF (7, 8). Even
more, clinically euthyroid elderly persons with either a low
or low-normal TSH level are at increased risk for AF (9).
Studies performed so far on a possible effect of THST on
AF risk in DTC patients are hampered by low patient
numbers and selection of patients with a low or interme-
diate DTC risk (10, 11).

Therefore, the primary aim of the present study was to
evaluate the long-term risk of AF in a large unselected
cohort of DTC patients, taking account of established AF
risk factors. Secondary aims were to study whether there
is an association between AF and TSH level, and other
treatments within the DTC cohort.

Patients and Methods

Study design and population
In this retrospective cohort study, incident AF in patients with

DTC was compared to that of controls from a population-based
study. The study population consisted of patients previously de-
scribed in our recent report on cardiovascular and all-cause mor-
tality in DTC patients (6), except that subjects with AF at base-
line were excluded (n � 6 DTC patients and 9 controls). In short,
all patients diagnosed with DTC in the period from January 1980
to June 2010, treated with a total thyroidectomy and radioiodine
ablation therapy in the University Medical Center Groningen
(UMCG), were included in the DTC cohort. Data for controls
were obtained from the prospective population-based Preven-
tion of REnal and Vascular ENd-stage Disease (PREVEND)
study, as previously described (12). For each DTC patient, three
controls matched on baseline age (within a range of 2 y) and sex
were randomly selected from the Groningen random sample
PREVEND cohort, which is an unselected general population
sample. Because only subjects between 28 and 75 years old were
studied in the PREVEND study, DTC patients aged 26 to 77
years were included. The census dates were January 1, 2009, for
the controls and between July 1 and 18, 2012, for DTC patients.

The Institutional Review Board of our hospital approved con-
tacting DTC patients for completion of missing baseline char-
acteristics. According to the Dutch Medical Research Involving
Human Subjects Act, no separate approval was needed for ret-

rospective data collection and analysis. Analyses were performed
on fully coded data sets.

Treatment and follow-up DTC cohort
Patients with DTC were treated according to our local pro-

tocol (13) and the Dutch thyroid carcinoma guideline that was
released in 2007 (14). Treatment consisted of a total thyroidec-
tomy and a central or lateral neck lymph node dissection if in-
dicated. Postoperatively, patients were scored according to the
fifth or sixth edition of the TNM classification (15, 16). For the
current study, a Tx-T2 Nx-N0 Mx-M0 stage corresponded to a
low risk; any T3 or N1 tumor to an intermediate risk; and any T4
or M1 tumor to a high risk of recurrence. Four to six weeks after
surgery, patients received radioiodine ablation therapy with a
dose usually of 50–150 mCi (1.85–5.55 GBq). Patients were
generally prepared for radioiodine treatment by endogenous
TSH stimulation; recombinant human TSH was only applied in
a limited number of cases. Thereafter, patients started with
THST that consisted of administration of T3 during initial treat-
ment and T4 during follow-up. Until 2007, THST with a TSH
target below the lower limit of the reference range was applied to
all patients during the entire follow-up. Since then, a TSH in the
low-normal range was advised after initial treatment for patients
with a low risk of recurrence (14, 17, 18), as a result of the
increased recognition of potential adverse effects attributable to
THST (2, 4, 5, 19), together with uncertainties about its necessity in
patients with a low risk of recurrence (20). For patients with an
intermediate and high risk of recurrence, THST with a TSH target
of 0.01 to 0.1 mU/L and � 0.01 mU/L, respectively, remained ad-
vised for at least several years. The different TSH assays used be-
tween 1980 and 2012 have been described previously (6).

Definition of AF
The UMCG is a tertiary referral center. Therefore, DTC pa-

tients originate from the entire northern part of The Netherlands.
If considered to be disease-free, patients visit the outpatient clinic
once yearly; other medical care is often performed in regional
hospitals, ofwhichcorrespondence is available inour institution.
AF was defined as AF on an electrocardiogram (ECG) or as
diagnosed by a cardiologist from a regional hospital. ECGs were
recorded perioperatively and during follow-up on indication.
Controls are inhabitants from the city of Groningen, and they
visited one of the two hospitals in Groningen for all medical care.
For control subjects, AF was defined as AF on an ECG in one of
the two hospitals in Groningen or AF recorded on ECGs from the
follow-up visits of the PREVEND study that were performed at
3-year intervals (21). For both DTC patients and controls, inci-
dent AF was defined as AF occurring in the absence of permanent
AF at baseline. For incident AF, no distinction was made between
paroxysmal, persistent, permanent, or peri- and postoperative
AF or flutter.

Two independent observers manually assessed all ECGs of
DTC patients, as well as all ECGs of controls with suspected AF
during electronic ECG screening (21). Any identified case of AF
was validated by a cardiologist.

Further study definitions and data collection
Baseline was defined as the time of DTC diagnosis or the time

of inclusion in the PREVEND study. Survival time was defined
as the time from baseline to the first AF event, loss to follow-up,
death, or censoring.
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For both cohorts, data were collected on the following base-
line cardiovascular risk factors: age, sex, smoking behavior,
body mass index (BMI), hypertension, hypercholesterolemia, di-
abetes mellitus, a history of heart failure, and a history of a
coronary event. The latter was defined as either a myocardial
infarction, coronary disease (defined as unstable angina for DTC
patients, and acute or subacute ischemic heart disease for con-
trols), or a coronary intervention (a percutaneous coronary in-
tervention or coronary artery bypass graft). Heart failure was
assessed as previously defined (22). Hypertension, hypercholes-
terolemia, and diabetes mellitus were considered to be present in
case of prescribed drug treatment for these conditions. For DTC
patients, additional data on TNM staging and tumor histology
were obtained. Data were collected by history taking, physical
examination, and questionnaires; in addition, the medical record
was consulted for patients with DTC.

At the end of follow-up, mortality data for DTC patients were
obtained by review of the medical record, and in consultation
with the general practitioner in case of an unknown cause of
death. Statistics Netherlands (the Dutch institute for population
statistics) was consulted for controls. Furthermore, for DTC pa-
tients, all TSH values measured during follow-up were collected,
as well as data on administered doses of radioiodine, tyrosine
kinase inhibitor use, and whether or not patients were treated
with external radiotherapy on the neck.

Statistics
Baseline variables were presented as number (percentage), median

and interquartile range (IQR), or mean � SD as appropriate. Missing
BMI values were imputed using a regression with age and sex (five
times), performed separately for DTC patients and controls.

AF incidence rates were calculated as the number of AF cases
per 1000 person-years for both patients with DTC and controls.
A cumulative incidence curve was plotted to show the incidence
of AF in DTC patients vs controls. Cumulative incidence of AF
for both groups was compared with a crude Fine&Gray regres-
sion accounting for competing risks from all-cause mortality
(23). The crude Fine&Gray competing risk analysis was suc-
ceeded by a regression adjusted for age, sex, hypertension, BMI,
history of coronary events, and history of heart failure. The co-
variates adjusted for in this model were chosen based on a pre-
vious publication, (24) in which an AF risk score was developed
and validated. Subdistribution hazard ratios (SHRs) and 95%
confidence intervals (CIs) are reported.

For the secondary aims, baseline and treatment characteris-
tics were compared between DTC patients with and without
development of AF during follow-up, using �2, nonparametric,
and independent samples t-tests, as appropriate. Exploratory
competing-risks analyses were performed within the DTC co-
hort on associations between AF and TSH level (cumulative)
radioiodine dose, and neck radiotherapy. All treatment charac-
teristics were analyzed as time-varying variables. The geometric
mean TSH per follow-up year was calculated as previously de-
scribed (6). A crude analysis of the association between each
treatment modality with AF was succeeded by an adjusted anal-
ysis in which variables were inserted that were associated (P �
.10) with AF in crude analyses. The following variables were
eligible: age, sex, hypertension, BMI, history of coronary event,
and history of heart failure. For patients with missing BMI, the
average BMI of five imputations was used for the latter analysis,
due to software limitations of calculating with both time-varying

variables and several imputed datasets. In the multivariate anal-
yses, we did not correct for disease stage because we would in
part correct for differences in aggressiveness of treatment.

A two-sided P value of � .05 was considered statistically
significant. Software packages STATA version 11.0 (StataCorp)
and IBM SPSS for Windows version 22 (IBM) were used for
statistical analyses.

Results

Baseline characteristics
A total of 518 DTC patients and 1563 controls were

included (Table 1). Mean age was 48.6 � 14.0 years for
DTC patients and 48.6 � 13.4 years for controls, and 75%
of each group were women. BMI was imputed for 100
missing cases (67 DTC patients and 33 controls).

Incident AF
A total of 35 (6.8%) DTC patients developed AF, cor-

responding to an incidence rate of 6.2 AF cases per 1000
person-years. Of the controls, 42 (2.7%) developed AF;
the incidence rate was 2.7 cases per 1000 person-years.
Follow-up to AF was median 8.7 (IQR, 4.6–16.2) years
for DTC patients, and 10.6 (10.2–10.9) years for controls
(Table 2). Of DTC patients, 118 (22.8%) were lost to
follow-up after a median follow-up of 8.2 (IQR, 4.2–15.5)
years; 293 (18.7%) controls were lost after a median fol-
low-up of 8.8 (5.0–9.8) years. During follow-up, 100
(19.3%) DTC patients and 82 (5.2%) control subjects
died. A total of 77 and 70 deaths were a competing event
for the primary event of interest, AF, for DTC patients and
controls, respectively (see Supplemental Figure 1).

Figure 1 shows that the cumulative incidence of AF was
significantly higher in DTC patients as compared to controls
(crude competing risks regression P � .001). In the crude

Table 1. Baseline Characteristics of Patients With DTC
and Controls

Patients
with DTC Controls

n 518 1563
Age (mean � SD), y 48.6 � 14.0 48.6 � 13.4
Female sex 387 (74.7) 1164 (74.5)
Smoking 118 (22.8) 467 (29.9)
BMI, median (IQR)a 25.2 (22.7–28.0) 25.4 (22.9–28.3)
Hypertension 88 (17.0) 175 (11.2)
Hypercholesterolemia 26 (5.0) 53 (3.4)
Diabetes mellitus 22 (4.2) 38 (2.4)
History of coronary

event
6 (1.2) 25 (1.6)

History or heart
failure

1 (0.2) 1 (0.1)

Data are expressed as number (percentage) unless stated otherwise.
a 100 missing values of BMI were imputed (67 missing values of DTC
patients, 33 of controls).
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analysis, DTC patients had a SHR of 2.25 (95% CI, 1.40–
3.63) for AF when compared to controls (Table 3). After
adjustment for age, sex, hypertension, BMI, and history
of coronary event, the AF risk remained significantly
higher in DTC patients (SHR, 2.47; 95% CI, 1.55–
3.95). The latter analysis was not adjusted for history of
heart failure because none of the subjects with AF had
heart failure at baseline as documented by medical chart
review.

AF within DTC cohort
DTCpatientswhodevelopedAF(n�35)wereolder (mean

age,59.9�10.8vs47.7�13.9y)andhadhypertension (49vs
15%) more often than patients who did not develop AF (n �
483) (P � .001 for both). Other baseline and treatment char-
acteristics were similar in both groups (Supplemental Table 1).

The median radioiodine dose in the entire DTC cohort
was 200 (IQR, 54–382) mCi (7.4 [IQR, 2.0–14.1] GBq),
and a total of 278 patients (54%) received more than one
radioiodine treatment. In the majority (85.7%) of DTC
patients, the median of geometric mean TSH levels per
follow-up year was suppressed (�0.5 mU/L). An overview
of the stratified TSH levels among DTC patients is pro-
vided in Supplemental Table 2.

In the crude analysis, TSH level was not significantly re-
lated to AF (SHR, 1.21; 95% CI, 0.86–1.72, per 10-fold
decrease;Table4).Results remainedunchangedafter adjust-
ment for covariates.The radioiodinedoseper follow-upyear
was not related with outcome either (crude SHR, 0.78; 95%
CI, 0.50–1.21), whereas the cumulative dose did relate to
AF, SHR per 50 mCi (1.85 GBq) increase 1.06 (95% CI,
1.02–1.11).Similarresults forbothanalyseswerefoundafter
adjustment, with a SHR of 1.04 (95% CI, 1.01–1.08) for
each 50 mCi increase in cumulative radioiodine dose. Neck
radiotherapywasassociatedwithAFincrudeanalysis (SHR,
3.14; 95% CI, 1.05–9.38), but the association was lost after
adjustment for age and other AF risk factors (SHR, 0.95;
95% CI, 0.25–3.57).

Discussion

The current study shows a 2.5-fold increased risk of AF for
patients with DTC as compared to controls, independent
from established AF risk factors. Therefore, DTC is an

independent predictor for AF next to
well-known AF risk factors. We
could not demonstrate an associa-
tion between TSH level and AF
within the DTC cohort, whereas a
higher cumulative dose of radioio-
dine was associated with a slightly
increased AF risk.

An earlier cross-sectional study
assessed AF prevalence in 136 thy-
roid carcinoma patients (10). Mean
age was 52 years, and 10.3% had
prevalent paroxysmal or sustained
AF, whereas the predicted preva-
lence for an age- and sex-adjusted
general population was 1.0 to 2.0%.
A single TSH value measured during
follow-up was not different between
patients who did and did not develop
AF. Furthermore, in a recent study of
low- and intermediate-risk DTC pa-
tients, 17 of 756 patients (2.3%) de-
veloped AF during a median fol-
low-up of 6.5 years (11). The risk of

Figure 1. Cumulative incidence curve of AF in patients with DTC (blue solid line) vs controls
(dashed black line), adjusted for competing risks of all-cause mortality.

Table 2. Incidence of AF in Patients With DTC and
Controls

Patients
With DTC Controls

n 518 1563
Time at risk, y

Median (IQR) 8.7 (4.6–16.2) 10.6 (10.2–10.9)
Sum 5646 15 357

Incident AF, n (%) 35 (6.8) 42 (2.7)
Incidence rate, n/1000

person-years
6.2 2.7

All-cause mortality, n (%) 100 (19.3) 82 (5.2)
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AF was similar for patients with a suppressed and non-
suppressed TSH. However, both studies may have been
underpowered to find a relation between TSH and AF. In
the current study, a large cohort of DTC patients was
included together with an age- and sex-matched control
group, and we adjusted AF risk for AF risk factors. More-
over, within the DTC cohort, all TSH values measured
during follow-up were available, as well as data regarding
radioiodine treatment and radiotherapy. The increased
AF risk in DTC patients could be confirmed, and similar
to these previous studies, no relation between TSH and AF
was found.

It is quite surprising though that we did not find a re-
lation between the TSH level and incident AF within the
DTC cohort. Given the strong relation between low TSH
levels and AF risk in both the general population and pa-
tients with subclinical and overt hyperthyroidism (7–9),
we expected a lower TSH to be associated with higher AF
risk. Moreover, in animal models it has been shown that

thyroid hormones can contribute to alterations in cardiac
electrophysiology (25, 26). We can only speculate about
the reason why we could not find such association in our
DTC cohort. It is possible that THST, which was univer-
sally applied, serves as a trigger for AF in patients that are
prone to AF because of the presence of cardiovascular risk
factors, left atrial dilatation, or a genetic susceptibility
(27). For these patients, the extent to which the TSH level
was suppressed may not be crucial, which may have re-
sulted in loss of a dose-response effect between THST and
AF. Thus, we cannot rule out that, due to the near-uni-
versal TSH suppression, the range of available TSH levels
has been insufficient to detect a relation between TSH and
AF. Another explanation could be that other factors may
have triggered AF, such as (thyroid) surgery. However,
after exclusion of DTC patients (n � 7) who had peri- or
postoperative AF, no association was found between TSH
and AF either. Another key issue is that when solely T4 is
administered, circulating thyroid hormone levels do not
necessarily correlate to tissue T3 levels (28), which have
been proposed to elicit adverse cardiovascular effects
when elevated (29). Therefore, it remains uncertain
whether the plasma TSH level is an adequate measure for
tissue hyperthyroidism.

Of note, higher cumulative radioiodine doses were as-
sociated with a slightly increased AF risk. Circulating ra-
dioiodine or local uptake of radioiodine by the sodium-
iodide symporter, which has been identified in, among
others, cardiac tissue (30), can possibly induce a diffuse
cardiac inflammation with eventual fibrosis or induce ox-
idative stress and accelerated cardiovascular aging. Alter-
natively, there could be an indirect effect, as patients who
receive many radioiodine therapies experience several pe-
riods of thyroid hormone withdrawal, with concomitant
periods of hypothyroidism. The cycling from hypothy-

Table 3. Fine&Gray Regression Models in DTC
Patients vs Controls, Adjusted for Competing Risks of
All-Cause Mortality

AF

SHR 95% CI P Value

Crude model
DTC patients vs controls 2.25 1.40–3.63 .001

Adjusted model
DTC patients vs controls 2.47 1.55–3.95 �.001
Age 1.07 1.05–1.09 �.001
Sex, male vs female 1.63 0.98–2.72 .040
Hypertension, yes vs no 2.11 1.23–3.64 .007
BMI 1.04 0.98–1.10 .170
History of coronary event,

yes vs no
1.88 0.76–4.64 .170

Table 4. Fine&Gray Regression Models of Associations Between Time-Varying DTC Treatments and AF in Patients
With DTC, Adjusted for Competing Risks of All-Cause Mortality

AF Within DTC Cohort

SHR 95% CI P Value

Crude model
TSH level, per 10-fold decrease 1.21 0.86–1.72 .277
Radioiodine dose, per 50 mCi increase 0.78 0.50–1.21 .271
Cumulative radioiodine dose, per 50 mCi increase 1.06 1.02–1.11 .004
Neck radiotherapy, yes vs no 3.14 1.05–9.38 .040

Adjusted model a

TSH level, per 10-fold decrease 1.01 0.71–1.44 .957
Radioiodine dose, per 50 mCi increase 0.72 0.46–1.11 .138
Cumulative radioiodine dose, per 50 mCi increase 1.04 1.01–1.08 .006
Neck radiotherapy, yes vs no 0.95 0.25–3.57 .935

50 mCi � 1.85 GBq.
a Adjusted for covariates that were associated with AF in the crude analyses (P � .10); these were age, hypertension, and BMI for all DTC
treatment variables analyzed.
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roidism to (subclinical) hyperthyroidism may possibly
elicit rhythm disturbances. Furthermore, these patients
are treated with T3 for a relatively long time, which pos-
sibly triggers AF more easily than T4 that is prescribed to
patients in follow-up. We ruled out that DTC patients that
developed AF had a longer follow-up time than DTC pa-
tients who did not by comparing follow-up time for pa-
tients with and without AF and similar cumulative doses.

The strengths of this study are the large cohort of un-
selected DTC patients, the use of an even larger cohort of
population-based matched controls, the considerable fol-
low-up time, availability of cardiovascular risk factors for
all study subjects, and adjustment for competing risks of
all-cause mortality in statistical analyses. Furthermore,
complete data on tumor characteristics and administered
treatments were available for the DTC cohort, and treat-
ment characteristics were analyzed as time-varying
variables.

A limitation of the current study is that AF, especially
subclinical paroxysmal AF (31), may have been underes-
timated in both the DTC and PREVEND cohorts due to a
surveillance bias. The possible underestimation of AF
within the DTC cohort may have influenced the analyses
of associations between AF and THST. Furthermore, no
echocardiographic data were available, and different TSH
assays were used over time (with 9% of follow-up years
occurring before 1990, when TSH assays were not suffi-
ciently sensitive to determine the degree of TSH suppres-
sion). Additionally, the retrospective and observational
design of this study precludes any conclusions about cau-
sality between AF and DTC treatment modalities.

It is likely that some of the control subjects used thyroid
hormones (although we do not have data about this), and
that a few of them may have been oversubstituted, result-
ing in a higher AF risk in a minor proportion of control
subjects. Still, we found a convincingly increased AF risk
in patients with DTC as compared to the controls.

AF predisposes to stroke and heart failure, which are
accompanied by increased risks of morbidity and mortal-
ity (31, 32). Development of AF, and possibly subsequent
heart failure, could also contribute to an increased risk of
cardiovascular mortality that has been found in patients
with DTC (6). Early detection of AF in DTC patients with
active case finding using ECG therefore seems justified in
an attempt to prevent AF-related complications and re-
duce symptoms.

In conclusion, patients with DTC have an increased AF
risk, independent from established AF risk factors. A re-
lation between the degree of TSH suppression and AF
could not be demonstrated, whereas a higher cumulative
radioiodine dose was associated with a slightly increased
risk of AF. ECG screening for AF may be warranted during

follow-up of DTC patients, to allow early diagnosis and
treatment of AF and prevent its complications.

Acknowledgments

Data are available upon request.
Address all correspondence and requests for reprints to: Prof

Dr Thera P. Links, University of Groningen, University Medical
Center Groningen, Department of Endocrinology, HPC AA31,
P.O. Box 30.001, 9700 RB Groningen, The Netherlands. E-mail:
t.p.links@umcg.nl.

Disclosure Summary: The authors have nothing to disclose.

References

1. DeSantis CE, Lin CC, Mariotto AB, et al. Cancer treatment and
survivorship statistics, 2014. CA Cancer J Clin. 2014;64:252–271.

2. Smit JW, Eustatia-Rutten CF, Corssmit EP, et al. Reversible diastolic
dysfunction after long-term exogenous subclinical hyperthyroidism:
a randomized, placebo-controlled study. J Clin Endocrinol Metab.
2005;90:6041–6047.

3. Abdulrahman RM, Delgado V, Hoftijzer HC, et al. Both exogenous
subclinical hyperthyroidism and short-term overt hypothyroidism
affect myocardial strain in patients with differentiated thyroid car-
cinoma. Thyroid. 2011;21:471–476.

4. Shargorodsky M, Serov S, Gavish D, Leibovitz E, Harpaz D, Zim-
lichman R. Long-term thyrotropin-suppressive therapy with levo-
thyroxine impairs small and large artery elasticity and increases left
ventricular mass in patients with thyroid carcinoma. Thyroid. 2006;
16:381–386.

5. Horne MK 3rd, Singh KK, Rosenfeld KG, et al. Is thyroid hormone
suppression therapy prothrombotic? J Clin Endocrinol Metab.
2004;89:4469–4473.

6. Klein Hesselink EN, Klein Hesselink MS, de Bock GH, et al. Long-
term cardiovascular mortality in patients with differentiated thyroid
carcinoma: an observational study. J Clin Oncol. 2013;31:4046–
4053.

7. Forfar JC, Caldwell GC. Hyperthyroid heart disease. Clin Endocri-
nol Metab. 1985;14:491–508.

8. Auer J, Scheibner P, Mische T, Langsteger W, Eber O, Eber B. Sub-
clinical hyperthyroidism as a risk factor for atrial fibrillation. Am
Heart J. 2001;142:838–842.

9. Sawin CT, Geller A, Wolf PA, et al. Low serum thyrotropin con-
centrations as a risk factor for atrial fibrillation in older persons.
N Engl J Med. 1994;331:1249–1252.

10. Abonowara A, Quraishi A, Sapp JL, et al. Prevalence of atrial fi-
brillation in patients taking TSH suppression therapy for manage-
ment of thyroid cancer. Clin Invest Med. 2012;35:E152–E156.

11. Wang LY, Smith AW, Palmer FL, et al. Thyrotropin suppression
increases the risk of osteoporosis without decreasing recurrence in
ATA low- and intermediate-risk patients with differentiated thyroid
carcinoma. Thyroid. 2015;25:300–307.

12. Lambers Heerspink HJ, Brantsma AH, de Zeeuw D, Bakker SJ, de
Jong PE, Gansevoort RT. Albuminuria assessed from first-morning-
void urine samples versus 24-hour urine collections as a predictor of
cardiovascular morbidity and mortality. Am J Epidemiol. 2008:
168:897–905.

13. van Tol KM, Jager PL, de Vries EG, et al. Outcome in patients with
differentiated thyroid cancer with negative diagnostic whole-body
scanning and detectable stimulated thyroglobulin. Eur J Endocrinol.
2003;148:589–596.

14. Comprehensive Cancer Centre The Netherlands. Oncoline, Cancer

4568 Klein Hesselink et al Atrial Fibrillation in DTC Patients J Clin Endocrinol Metab, December 2015, 100(12):4563–4569

The Endocrine Society. Downloaded from press.endocrine.org by [Elham Faghihimani] on 08 December 2015. at 00:10 For personal use only. No other uses without permission. . All rights reserved.

mailto:t.p.links@umcg.nl


Clinical Practice Guidelines. http://oncoline.nl/index.php?
language�en. Accessed April 1, 2015.

15. Sobin LH, Wittekind C. TNM Classification of Malignant Tumours.
5th ed. New York, NY: Wiley-Liss; 1997.

16. Sobin LH, Wittekind C. International Union Against Cancer
(UICC) TNM Classification of Malignant Tumors. 6th ed. New
York, NY: Wiley-Liss; 2002.

17. Pacini F, Schlumberger M, Dralle H, Elisei R, Smit JW, Wiersinga W.
European consensus for the management of patients with differen-
tiated thyroid carcinoma of the follicular epithelium. Eur J Endo-
crinol 2006:154:787–803.

18. Cooper DS, Doherty GM, Haugen BR, et al. Revised American
Thyroid Association management guidelines for patients with thy-
roid nodules and differentiated thyroid cancer. Thyroid. 2009;19:
1167–1214.

19. Heemstra KA, Hamdy NA, Romijn JA, Smit JW. The effects of
thyrotropin-suppressive therapy on bone metabolism in patients
with well-differentiated thyroid carcinoma. Thyroid. 2006;16:583–
591.

20. Jonklaas J, Sarlis NJ, Litofsky D, et al. Outcomes of patients with
differentiated thyroid carcinoma following initial therapy. Thyroid.
2006;16:1229–1242.

21. Vermond RA, Geelhoed B, Verweij N, et al. Incidence of atrial fi-
brillation and relationship with cardiovascular events, heart failure,
and mortality: a community-based study from The Netherlands.
J Am Coll Cardiol. 2015;66:1000–1007.

22. Brouwers FP, de Boer RA, van der Harst P, et al. Incidence and
epidemiology of new onset heart failure with preserved vs. reduced
ejection fraction in a community-based cohort: 11-year follow-up of
PREVEND. Eur Heart J. 2013;34:1424–1431.

23. Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. J Am Stat Assoc. 1999:94:496–509.

24. Schnabel RB, Sullivan LM, Levy D, et al. Development of a risk score
for atrial fibrillation (Framingham Heart Study): a community-
based cohort study. Lancet. 2009;373:739–745.

25. Arnsdorf MF, Childers RW. Atrial electrophysiology in experimen-
tal hyperthyroidism in rabbits. Circ Res. 1970;26:575–581.

26. Chen YC, Chen SA, Chen YJ, Chang MS, Chan P, Lin CI. Effects of
thyroid hormone on the arrhythmogenic activity of pulmonary vein
cardiomyocytes. J Am Coll Cardiol. 2002;39:366–372.

27. Magnani JW, Rienstra M, Lin H, et al. Atrial fibrillation: current
knowledge and future directions in epidemiology and genomics.
Circulation. 2011:124:1982–1993.

28. Escobar-Morreale HF, Obregón MJ, Escobar del Rey F, Morreale de
Escobar G. Replacement therapy for hypothyroidism with thyrox-
ine alone does not ensure euthyroidism in all tissues, as studied in
thyroidectomized rats. J Clin Invest. 1995;96:2828–2838.

29. Klein I, Ojamaa K. Thyroid hormone and the cardiovascular system.
N Engl J Med. 2001;344:501–509.

30. Spitzweg C, Joba W, Eisenmenger W, Heufelder AE. Analysis of
human sodium iodide symporter gene expression in extrathyroidal
tissues and cloning of its complementary deoxyribonucleic acids
from salivary gland, mammary gland, and gastric mucosa. J Clin
Endocrinol Metab. 1998;83:1746–1751.

31. Healey JS, Connolly SJ, Gold MR, et al. Subclinical atrial fibrillation
and the risk of stroke. N Engl J Med. 2012:366:120–129.

32. McManus DD, Rienstra M, Benjamin EJ. An update on the prog-
nosis of patients with atrial fibrillation. Circulation. 2012;126:
e143–e146.

doi: 10.1210/jc.2015-2782 press.endocrine.org/journal/jcem 4569

The Endocrine Society. Downloaded from press.endocrine.org by [Elham Faghihimani] on 08 December 2015. at 00:10 For personal use only. No other uses without permission. . All rights reserved.

http://oncoline.nl/index.php?language=en
http://oncoline.nl/index.php?language=en

