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Abstract
Thyroid cancer (TC) constitutes more than 95% of all endocrine tumors. Differentiated thyroid carcinoma (DTC),
which includes the papillary and follicular types, constitutes about 90% of all TCs and 2.1% of all cancers. The
incidence of DTC has increased significantly worldwide, with papillary cancer leading this trend and being the most
prevalent. Whereas the prognosis of patients with DTC is generally favorable, with the overall 5-year survival rate
reaching up to 95%, long-term follow-up also discloses increased propensity for cardiovascular and
cerebrovascular risk factors, morbidity, and mortality. Cardiovascular events are linked to TC particularly in
subjects aged 45 years or more. The present review and analysis seek to highlight the significance of
cardiovascular disease in the overall prognosis among TC survivors and explore potential mechanisms which might
link treatment choices in DTC to cardiovascular risk and disease outcome.
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INTRODUCTION
Recent trends show a significant increase of the incidence of thyroid cancer (TC)[1,2]. The most common
type of TC is differentiated thyroid cancer (DTC), which includes follicular and papillary types and
constitutes about 90% of all TC. DTC usually occurs in individuals younger than 50 years of age. Females
are more affected than males, with a ratio of 3:1. DTC patients can expect a reassuring prognosis, with a 5year survival rate reaching 90%-95%[3,4]. Taken together, these trends highlight the importance of studying
long-term morbidity for the increasing population of DTC survivors.
The traditional treatment regimens for DTC have included thyroidectomy, radioactive iodine therapy (I131), and thyroid stimulating hormone (TSH) suppression therapy (subclinical exogenous hyperthyroid
state) with levothyroxine (LT4) according to the extent of the disease[5]. Lately, there has been a gradual shift
towards a more conservative, personalized approach for some low-risk subjects, ranging from watchful
surveillance for isolated very small lesions (e.g., < 10 mm) to lobectomy only, withholding of radioiodine
treatment and/or lesser suppression of TSH (e.g., 0.5-2 µIU/mL) for low-risk subjects undergoing
lobectomy only and/or no imaging or biochemical evidence for residual disease during follow-up[6].
Pharmacological suppression of TSH proved useful in reducing recurrence and mortality in clinically
detected differentiated thyroid cancer[7]. However, recent cumulative evidence supports a strong correlation
between endogenous hyperthyroidism and higher mortality rates associated with cardiovascular heart
disease and cerebrovascular disease in patients who have multinodular goiter and those treated with
radioactive iodine, in comparison to the general population[8-11]. Furthermore, even endogenous subclinical
hyperthyroidism is apparently associated with an increased risk of coronary heart disease and mortality[12].
Lastly, a low serum TSH concentration, presumably indicative of hyperthyroxinemia, was linked with a 3fold higher risk for atrial fibrillation (AF) during the following decade in subjects ≥ 60 years of age[13].
This review aims to provide updated data on all-cause cardiovascular mortality and cardiovascular
morbidity and present pathophysiological mechanisms that are considered as probably contributing to these
conditions among TC survivors.

CARDIOVASCULAR AND ALL-CAUSE MORTALITY
TSH suppression therapy is the mainstay treatment for decreasing the risk of recurrence among patients
who are at high-risk of DTC. Klein Hesselink et al.[14] evaluated the risk of cardiovascular and all-cause
mortality among 524 Dutch DTC survivors compared to 1572 matched controls. A median 8.5-year followup period revealed 100 deaths among DTC survivors and 85 deaths among the controls. The authors
reported a 3.3-fold increased risk of cardiovascular mortality (4.2% vs. 1.5%, respectively) and a 4.4-fold
increased risk of all-cause mortality (19.1% vs. 5.4%, respectively) among DTC survivors. Mortality from
DTC constituted 7.4%. In that study, each 10-fold decrease in geometric mean TSH level was independently
linked to a 3.1-fold elevated cardiovascular mortality. A nomogram composed of data from the Surveillance,
Epidemiology and End Results program predicted the risk of death among 29,225 TC survivors[15]. The 5year probability of mortality was 1.9% due to thyroid cancer, 0.8% due to another cancer, and 1.7% due to
non-cancer causes after a median follow-up of 7 years. The most common causes of mortality, which did
not result from cancer among TC survivors, were heart disease (39%) and cerebrovascular disease (10.4%).
Data from an Israeli population-based study of 5677 TC survivors and 23,962 matched controls reveal a
higher risk of all-cause mortality among the TC survivors (10.2% vs. 5.2%, respectively, HR = 1.89, 95%CI:
1.71-2.1; (abbreviated in all following items to the HR value followed by the 95% CI range of values in
square parenthesis)[16], which was associated with an elevated prevalence of cardiovascular disease (33.6%
vs. 22.3%, P = 0.05), hypertension (14.6% vs. 10.3%, P = 0.002) and dyslipidemia (11.4% vs. 7.2%, P < 0.001) at
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the end of the surveillance period. Moreover, the number of cardiovascular risk factors correlated positively
with the risk of mortality among the TC survivors, with 2-4 factors increasing the risk to a level of
significance (HR = 1.23 [1.03-1.47], 1.66 [1.38-1.99], and 2.59 [2.11-3.19], respectively).
Several studies on TC survivors who were receiving TSH suppression therapy have shown impairments in
cardiac structure[17,18], diastolic function[19-22], and systolic function[23]; an increased prevalence of AF[24]; and
an increased prevalence of prothrombotic condition[25]. Contrarily, Pajamäki et al.[26] found a 27% decreased
cardiovascular mortality risk among 901 DTC survivors in comparison to 4485 matched controls in a
Finnish population-based study during a median 18.8-year follow-up period. One of the authors’
explanations for this finding was that the lifelong follow-up of DTC survivors possibly facilitated earlier
determination and treatment of cardiovascular risk factors compared to the general population.
Cardiovascular morbidity

Several large retrospective studies on cardiovascular morbidity among TC survivors were published over the
last few years. Pajamäki et al.[26] found an increase in the risk of any cardiovascular disease (HR = 1.16 [1.051.28]) among 901 Finnish DTC survivors in comparison to matched controls. Suh et al.[27] investigated the
incidence of coronary heart disease among 182,419 Korean TC survivors and 182,419 non-cancer controls
in a mean 4.3-year follow-up period. The TC survivors had an increased risk for coronary heart disease (HR
= 1.15 [1.1-1.22]), and it was dependent upon high-dose levothyroxine (HR = 1.47 [1.34-1.6]).
Izkhakov et al.[28] assessed the atherosclerotic cardiovascular outcome among 5677 Israeli TC survivors in
comparison to 23,962 adults with no thyroid disease in a mean 7.6-year follow-up period. In that study, TC
survivors had an elevated risk of new atherosclerotic cardiovascular events before (HR = 1.20 [1.08-1.34])
and after (HR = 1.18 [1.05-1.33]) exclusion of patients with past cardiovascular pathology in both groups. In
addition, TC survivors who developed cardiovascular events had a higher incidence of hypertension and
hyperlipidemia.
Zoltek et al.[29] compared cardiovascular incidence among 6900 DTC survivors to the general Swedish
population. They revealed more hospitalizations for AF (SIR = 1.66, 95%CI: 1.41-1.94), but there was no
difference in hospitalization rates between DTC survivors and the general population with regard to other
studied cardiovascular diseases.
Among people > 60 years of age, an endogenously suppressed TSH level could lead to congestive heart
failure with poor outcome[30]. Blackburn et al.[31] investigated the risks of aging-related diseases among 3706
TC survivors, diagnosed before and after age 40, compared to 15,587 matched cancer-free individuals from
Utah Population Database. The authors found increased risk for cardiovascular morbidity in both age
groups 1-5 years after cancer diagnosis compared to the matched cancer-free participants (HR = 1.76 [1.402.21] vs. HR = 1.49 [1.38-1.6]). Survivors < 40 had a higher risk of hypertension (HR = 2.03 [1.75-2.32] vs.
HR = 1.58 [1.48-1.68]), but there was no difference in rate of congestive heart failure among both age groups
of TC survivors and the matched cancer free participants.
AF

A number of investigations found a high incidence of AF among DTC survivors. Pajamäki et al.[26] reported
an increased risk of all types of arrhythmia (HR = 1.25 [1.06-1.48]) in association with AF (HR = 1.27 [1.061.57]) among 901 Finnish DTC survivors in comparison to matched controls during a median 18.8-year
surveillance period. In a subgroup analysis, low TSH levels were linked with an increased risk of AF.
Suh et al.[27] revealed an elevated risk for AF among TC survivors compared to controls when the dosage of
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levothyroxine was high. Specifically, TC survivors who received < 115, 115-144, 145-169 and > 170 µg/day
presented with an increased risk of AF (adjusted HR = 1.43 [1.27-1.62], 1.41 [1.26-1.58], 1.66 [1.49-1.85],
and 1.78 [1.6-1.98], respectively). Zoltek et al.[29] reported a 2-fold higher hospitalization rate for AF among
6900 DTC survivors compared to the general Swedish population during the first 5 surveillance years, and
an increased AF rate of ~2-2.5 fold among DTC patients aged 54 years or less.
Cerebrovascular morbidity

Suh et al.[27] investigated cardiovascular morbidity as well as the incidence of ischemic stroke. TC survivors
had an elevated risk of ischemic stroke (HR = 1.15 [1.09-1.22]) which was more prominent in the group of
TC survivors who were treated with levothyroxine at a dosage of 170 µg/day or more (HR = 1.56 [1.421.72]).
Izkhakov et al.[28]also assessed cerebrovascular outcome among DTC survivors and found an independent
risk factor of new cerebrovascular events (HR = 1.19 [1.04-1.37]) compared to matched controls. The
increased risk for new cerebrovascular event remained high (HR = 1.16 [1.01-1.36]) after those with a
history of cardiovascular and cerebrovascular events were excluded.
Zoltek et al.[29] reported a higher hospitalization rate for cerebrovascular disease (SIR = 1.2, 95%CI: 1.041.38) among female DTC survivors. Toulis et al.[32] assessed the potential cardiovascular effect of exogenous
hyperthyroidism among 3009 British DTC survivors with no cardiovascular disease and 11,303 matched
controls. After a median 5-year follow-up, no difference was found in the risk of ischemic heart disease,
although the risk of AF and stroke was higher among the DTC survivors compared to the controls (HR =
1.71 [1.36-2.15] and 1.34 [1.05-1.72], respectively). These findings warrant periodic screening for AF among
TSH-suppressed DTC survivors.
Associations between potential cardiovascular risk factors and cardiovascular/cerebrovascular
morbidity among TC survivors

Several pathological and high-risk conditions have been found among individuals with TC in comparison to
the healthy controls. Park et al.[33] investigated the relationship of potential risk factors and treatment effects
with cardiovascular disease outcome among 3822 TC survivors, using the state-wide Utah Population
Database during a mean 8.4-year follow-up. They found a significant association between the following
factors and a high risk of cardiovascular conditions: age at diagnosis (40-65 years, HR = 1.66 [1.46-1.88]; and
> 65 years, HR = 2.84 [2.46-3.27], compared to < 40 years), male sex (compared to female sex, HR = 1.46
[1.31-1.62]), TSH suppression therapy (compared to no therapy, HR = 1.25 [1.12-1.4]), overweight and
obesity (compared to normal BMI, HR = 1.24 [1.11-1.39] and 1.41 [1.25-1.6], respectively), the presence of
any comorbidity (compared to none, HR = 4.47 [3.87-5.15]), and TC distant metastasis (compared to
localized TC, HR = 1.35 [1.03-1.77]).
Izkhakov et al.[28] likewise reported an elevated risk for cardiovascular morbidity among DTC survivors aged
55-64 (HR = 1.29 [1.08-1.53]) and 65-74 years (HR = 1.36 [1.14-1.61]) compared to matched controls. The
increased risk in those age groups persisted after individuals with past cardiovascular events were excluded
(HR = 1.32 [1.09-1.60] and 1.41 [1.16-1.72], respectively). In addition, there was an association between low
free thyroxin 3 (FT3) and low FT4 levels at baseline and elevated risk for new atherosclerotic cardiovascular
events at the end of the study (HR = 1.38 [1.16-1.64] and 1.02 [1.01-1.04], respectively). The FT3/FT4 ratio
at baseline showed a trend of an inverse correlation with new atherosclerotic cardiovascular events (P =
0.067).
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Association between I-131 therapy and cardiovascular/cerebrovascular morbidity

Lin et al.[34] retrospectively evaluated the association between I-131 therapy for TC and stroke risk in 10,104
Taiwanese DTC survivors (mean age 49.4 years). The participants were classified into two groups that did
and did not receive I-131 therapy. The mean stroke latency after I-131 therapy was 6.6 years compared to
6.59 years without I-131 therapy. The risk of ischemic or hemorrhagic stroke was not greater in the group
who received I-131 therapy after a 10-year follow-up.
Kim et al.[35] recently assessed the adverse effects of I-131 therapy on cardiovascular and cerebrovascular
diseases among 4845 TC patients aged 40-79 years. Overall, 2533 DTC patients (52.3%) received I-131
therapy and the median I-131 cumulative dosage was 103 mCi. After a median 5.5-year follow-up, no
significant difference was found in the risk of ischemic or hemorrhagic stroke, ischemic heart disease, or
heart failure among DTC survivors who received I-131 therapy and those who did not. In addition, the I131 accumulative dosage was not associated with cardiovascular morbidity among the TC survivors.
Metabolic, resting energy expenditure, and body composition changes

The major role of thyroid hormones in the regulation of rest energy expenditure (REE), body composition,
and body weight has been well documented[36]. Several studies have found a positive association between
TSH and FT3 and metabolic parameters, obesity, and body mass index (BMI) in euthyroid adults[37,38].
Izkhakov et al.[39] assessed body composition, body weight, metabolic parameters, respiratory quotient (RQ),
and REE changes among 15 female DTC patients starting from the endogenous euthyroid state prior to total
thyroidectomy and continuing throughout the following year of an exogenous subclinical hyperthyroid
state. The major findings of that study were that the standard protocol of thyroidectomy and I-131 therapy
followed by TSH suppression with LT4 resulted in elevation of REE, while there were no meaningful
changes in BMI and lean body mass (LBM). Additionally, the following significant changes were found:
increases in heart rate, systolic and diastolic blood pressures, and FT4 levels, while RQs, TSH levels, and
TT3/FT4 ratios decreased in comparison to the endogenous euthyroid state at the beginning of the followup. There was a subsequent negative relationship between the TT3/FT4 ratio and BMI, fasting blood
glucose, systolic blood pressure, android fat distribution, REE, and REE/LBM, while a positive relationship
between TT3/FT4 ratio and RQ was revealed.
An earlier investigation by Wolf et al.[40] included 29 female and 12 male DTC survivors after thyroidectomy
and TSH suppressive LT4 therapy, and there were non-significant changes in REE and in body composition
in the DTC group compared to the matched control group.

CONCLUSION
Despite the excellent overall prognosis in TC, afflicted patients are at higher risk for unfavorable metabolic
changes, cardiovascular and cerebrovascular morbidity, and long-term cardiovascular and all-cause
mortality. Furthermore, this appears to be at least partially related to the unique state of post-thyroidectomy
and intentionally induced hyperthyroidism, with attempted suppression of circulating TSH. Collectively,
the data reviewed herein suggest that benefits in terms of TC treatment outcome should be weighed against
significant treatment-related cardiovascular risk. This highlights the need for personally tailored decisions
regarding both surgical and medical therapeutic strategies in TC.
The first question that arises regarding the therapeutic management of patients with TC concerns the extent
of thyroid removal, hemithyroidectomy, or total thyroidectomy. The choice of operation can radically affect
the patient’s future comorbidities. According to recently published American guidelines, patients at low risk
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of recurrence may be treated by hemithyroidectomy, with laboratory and neck ultrasound follow-up[5]. That
approach allows production of T4 and T3 by the residual thyroid tissue and reduces the negative adverse
effects of replacement therapy, which depends solely upon LT4 treatment. A study by Ito et al.[41] showed a
positive effect of the maintenance of the postoperative serum T3 level in LT4-treated patients after
hemithyroidectomy compared to those who underwent total thyroidectomy. In a descriptive study of 15
women with newly diagnosed DTC, negative changes in metabolic factors, REE, and body composition
were observed under standard care during the first year following the diagnosis[39]. Those changes paralleled
decreases in TSH and the TT3/FT4 ratio, implying a higher prevalence of cardiovascular risk factors[39]. In
healthy adults, exogenous increased TT3 was found to decrease fat and fat-free mass, elevate the energy
expenditure[42], and elevate thermogenesis in skeletal muscle by promoting the uncoupling of mitochondrial
energy[43].
A decision to perform total thyroidectomy necessarily entails three critical treatment dilemmas: (1) the need
for radioactive iodine treatment; (2) the type of hormone replacement therapy; and (3) the need for TSH
suppression, as well as its extent and duration. The current standard hormone replacement therapy is with
LT4. Based on the results of previous investigations[39,42,43], we suggest considering the addition of T3 for
cases in which there is a significant decline in the T3/T4 ratio.
Endogenously suppressed TSH was found to be associated with cardiovascular morbidity and mortality in
the general population[8,9]. The findings of elevated atherosclerotic cardiovascular risk factors as well as
cardiovascular morbidity among TC patients also highlight the importance of a balance between benefits
and detriments when considering exogenous TSH suppression for TC patients[26,27,33]. The extent of TSH
suppression has also been questioned by others[44]. Recently issued research and guidelines advocate such
treatment only for patients at high risk of DTC recurrence[5]. The clinical implication of these findings is
that TC survivors are at higher risk for cardiovascular conditions. As such, cardiovascular risk factors need
to be scrupulously monitored among TC survivors.
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