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Abstract: Aim of the study: To assess the occurrence of cardiac arrhythmias caused by high doses of
levothyroxine in patients with thyroid cancer with subclinical hyperthyroidism. Materials and Methods:
This prospective study included 98 women divided into three groups according to plasma thyroid
stimulating hormone (TSH) concentration: <0.1 µU/mL, 0.1–0.39 µU/mL, or 0.4–4.0 µU/mL (control
group). All participants underwent laboratory tests and an electrocardiography (ECG) Holter test to
assess their heart rate and the occurrence of arrhythmias. Statistical analysis assessed differences
between groups in all clinical parameters and factors influencing the occurrence of arrhythmias.
Results: There were no differences between groups in the maximum, average, or minimum heart rate
or in the incidence of the studied cardiac arrhythmias. Heart rate in women with a TSH concentration
of <0.1 µU/mL depended on age and the presence of arterial hypertension, and heart rate in women
with a TSH concentration of 0.4–4.0 µU/mL depended on free triiodothyronine concentration and the
presence of arterial hypertension; no relationship was identified for women with a TSH concentration
of 0.1–0.39 µU/mL. One-way logistic regression analysis did not identify any factors influencing the
occurrence of arrhythmias. Conclusions: While maintaining normal free triiodothyronine levels, the
use of suppressive doses of levothyroxine after thyroidectomy for differentiated thyroid cancer does
not induce clinically significant arrhythmias or affect average heart rate. None of the studied clinical
parameters influenced the risk of arrhythmia.
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1. Introduction

Thyroid cancer is a malignant neoplasm originating from the thyroid epithelial tissue
and is the most common neoplasm of the endocrine glands [1]. Papillary cancer is the most
common malignant neoplasm of the thyroid gland, accounting for 60–95% of all malignant
thyroid neoplasms, with a peak incidence between the ages of 20 and 40 years [2]. Fol-
licular carcinoma accounts for 10–30% of malignant thyroid neoplasms, with incidence
increasing significantly after the age of 50 years [3]. Thyroid cancer is almost five times
more common in women than in men, and the incidence has increased in recent years [4].
The principles of diagnosis and treatment of thyroid cancer in force during the study are
included in the recommendations prepared by the Polish Group for Endocrine Carcinomas
in 2010 [5]. The 2015 guidelines of the American Thyroid Association for the treatment
of nodules and differentiated thyroid cancer in adults, which are also valid in Poland,
were published in January 2016 [6]. Treatment is a multi-stage process and is highly effec-
tive. It consists of thyroidectomy, 131I radioiodine therapy, and chronic thyroxine therapy,
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usually with the aim of full or partial thyroid-stimulating hormone (TSH) suppression
in order to minimize the risk of recurrence [7]. Full suppression means achieving a TSH
concentration <0.1 µU/mL without causing symptoms of hyperthyroidism, while partial
suppression means achieving a TSH concentration in the range of 0.1–0.4 µU/mL also with-
out symptoms of hyperthyroidism). Hyperthyroidism is excluded by detection of normal
free triiodothyronine levels in the blood. The determination of free thyroxine concentration
is not recommended in this situation [5]. Full or partial TSH suppression is associated
with the induction of exogenous subclinical hyperthyroidism. So far, a relationship has
been demonstrated between hyperthyroidism and the occurrence of arrhythmias such as
sinus tachycardia, atrial fibrillation, and supraventricular premature beats [8]. Numerous
supraventricular premature beats, apart from having a significant impact on quality of life,
are also a significant predictor of atrial fibrillation [9]. Previous studies have shown that
endogenous subclinical hyperthyroidism can cause an increased number of supraventricu-
lar premature beats; however, the difference compared to the healthy population was not
statistically significant [10]. Atrial fibrillation is estimated to occur in 10–15% of patients
with hyperthyroidism [11]. The incidence of atrial fibrillation increases with age, and a low
TSH concentration is an independent risk factor for this arrhythmia [12].

2. Materials and Methods

A total of 98 women were included in this prospective study. Participants were
recruited at the Department of Endocrinology of the Holycross Cancer Center in the years
2014–16. The control group consisted of healthy volunteers. The study population was
divided into three groups: patients with full TSH suppression (blood TSH <0.1 µU/mL,
without causing hyperthyroidism; n = 48); patients with partial TSH suppression (blood
TSH 0.1–0.4 µU/mL, without causing symptoms of hyperthyroidism; n = 25); and a control
group of healthy women (n = 25).

In patients with thyroid cancer, the determination of TSH concentration, and the dose
of levothyroxine were adjusted every 6 months. The following rules were adhered to:
replacement doses were used in low-risk patients, relative suppression was maintained in
the case of intermediate-risk, and full suppression was maintained in high-risk patients.
Presented TSH concentrations was a one-off measurement performed just before the Holter
electrocardiography (ECG) test.

All study participants gave their written consent to participate in the study. Ethical
approval was obtained from the Bioethical Committee at the Jan Kochanowski University
in Kielce (No. 3/2014).

Included individuals did not use antiarrhythmic drugs and had not been diagnosed
with cardiovascular diseases such as heart failure, ischemic heart disease, myocardial
infarction, a congenital or acquired heart defect, or arrhythmias (supraventricular or
ventricular arrhythmias). Patients with the above-mentioned conditions were excluded on
the basis of an interview and available medical documentation. Eligibility for the study
was based on the exclusion of disqualifying symptoms on physical examination—i.e., loud
systolic murmur (at least 3/6 on the Levin scale), diastolic murmur, and symptoms of heart
failure (such as dyspnea or features of fluid retention on physical examination).

All participants in the study underwent a 24-h Holter ECG test with a 3-channel
AsPEKT 702 apparatus (ASPEL, Zabierzów, Poland) equipped with a memory card and
a battery power source. The recorded data were analyzed by the authors of the study
at the ASPEL Holcard 24w computer data analysis stand. Eligible participants had an
ECG recording lasting at least 21 h and a maximum of 5% of artifacts. The occurrence of
arrhythmias such as supraventricular and ventricular extrasystoles, paroxysmal supraven-
tricular tachycardias, and atrial fibrillation was assessed. The quantitative norms for these
arrhythmias are presented in Table 1.
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Table 1. Reference values in Holter electrocardiography. Modified by Kaziród-Wolski K from Interna
Szczeklika 2018 (Table I.B.2-13) [7].

Arrhythmia
Age

16–30 Years 31–40 Years 41–60 Years >60 Years

SVES <50 <50 <100 <100
VES <50 <50 <50 <100

PSVT 0 0 0 0
AF 0 0 0 0

SVES—supraventricular extrasystoles; VES—ventricular extrasystoles; PSVT—paroxysmal supraven-
tricular tachycardia; AF—atrial fibrillation.

Part of the patients was diagnosed with hypertension before enrollment. The diag-
nosis was made based on the following values of blood pressure: ≥140 mmHg (systolic)
and/or ≥90 mmHg (diastolic) in the doctor’s office; ≥135 mmHg and/or ≥85 mmHg
in-home measurements. The diagnosis was also made based on outpatient blood pres-
sure monitoring (ABPM), when the diagnosis was made when the measurements were
≥135 mmHg and/or ≥85 mmHg during the day, ≥120 and/or ≥70 mmHg during the
night or ≥140 mmHg and/or ≥90 mmHg as average values over the whole day.

Descriptive statistics are presented for quantitative parameters, including the arith-
metic mean with standard deviation for variables with a normal distribution and the
median with interquartile range for variables without a normal distribution. For qual-
itative parameters, numbers and percentages are presented. Both parametric and non-
parametric tests were used to assess the statistical significance of differences within the
studied groups. For quantitative variables, parametric tests (t-test for two groups and
one-way ANOVA) were used when data were normally distributed, and homogeneity of
variance was maintained. The nature of the distribution was assessed by the Shapiro-Wilk
and Kołmogorov-Smirnov tests. Equality of variances was assessed with Levene’s test. If
the required assumptions were not met, the Wilcoxon test was used for two groups and
the Kruskal-Wallis test was used for more than two groups. For qualitative parameters,
crosstabs and the Chi-square test were used. When statistically significant differences were
found, post-hoc tests were performed. Pearson’s correlation coefficient was determined
to assess the interrelationships between heart rate and quantitative variables. Parametric
and non-parametric tests were used to assess the relationships of qualitative variables.
Univariate logistic regression analysis was used to determine the risk (odds ratio) of the
occurrence of cardiac arrhythmias associated with the examined factors. Calculations
were made using MedCalc, version 17.2 (2017, MedCalc Software, Ostend, Belgium;
https://www.medcalc.org; accessed on 24 March 2017).

3. Results

All groups were homogeneous in terms of age, hemoglobin, total calcium, potassium,
free triiodothyronine levels, and the presence of hypertension. All groups differed signifi-
cantly in terms of TSH concentration (p < 0.001), which was also a criterion for division into
groups. The most common type of cancer was papillary thyroid carcinoma, with 41 cases
(85.4%) in the full suppression group and 25 cases (92%) in the partial suppression group.
Due to the small number of other types of cancer, they were grouped together. In the full
suppression group, other cancer types included six cases (12.5%) of follicular carcinoma
and one case (2.1%) of oncocytic carcinoma. In the partial suppression group, there were
two cases (8%) of follicular cancer. The mean duration of suppressive therapy was 2 years.
There were no statistically significant differences in the type of thyroid cancer or dose of
levothyroxine used between study groups (Table 2).

There were no statistically significant differences in the maximum, minimum, and
mean heart rates between groups. Average heart rates are presented in Table 3. The
relationship between heart rate and the studied variables in all groups is shown in Table 4.

https://www.medcalc.org
https://www.medcalc.org
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Table 2. Clinical characteristics.

Variable
Fully Suppressed

TSH
(n = 48)

Partially
Suppressed TSH

(n = 25)

Control Group
(n = 25) p-Value Post Hoc

Age [years] 46 (37–58) 45 (40–56) 32 (26–57) 0.28
Hemoglobin

[g/dL] 13.34 (0.94) 13.26 (1.19) 13.56 (0.73) 0.50

Total calcium
[mmol/L] 2.38 (0.14) 2.36 (0.11) 2.41 (0.11) 0.37

Potassium
[mEq/L] 4.22 (0.28) 4.27 (0.32) 4.3 (0.37) 0.58

Levothyroxine
dose

[µg/day]
132.14 (116–150) 121.43 (100–153) NA 0.59

TSH
[µU/mL] 0.025 (0.0096–0.046) 0.224 (0.136–0.295) 1.121 (0.778–1.505) <0.001 A 6=B 6=C

fT3 [pg/mL] 2.84 (0.38) 2.7 (0.33) 2.74 (0.31) 0.22

Arterial hypertension

8 (16.7) 5 (20) 3 (12) 0.74

Thyroid cancer

Papillary 41 (85.4) 25 (92) NA
0.42Other types 7 (14.6) 2 (8) NA

fT3—free triiodothyronine; NA—not applicable; TSH—thyroid stimulating hormone.

Table 3. Heart rates and cardiac rhythm disorders detected on Holter electrocardiography.

Variable
Fully

Suppressed
TSH (n = 48)

Partially
Suppressed
TSH (n = 25)

Control Group
(n = 25) p-Value

Heart rate [1/min]

Maximum 123.5 (13.93) 123.48 (12.62) 130.76 (17.14) 0.10
Minimum 52 (48.5–56) 52 (47.75–57.25) 48 (44.75–55.5) 0.10

Mean 76.73 (8.12) 77.12 (6.12) 76.96 (9.56) 0.98

Arrhythmias

SVES 6 (12.5) 4 (16) 3 (12) 0.90
VES 4 (8.3) 0 (0) 2 (8) 0.33

PSVT 4 (8.3) 3 (12) 3 (12) 0.84
SVES—supraventricular extrasystoles; VES—ventricular extrasystoles; PSVT—paroxysmal supraventricular
tachycardia.

There was a strong negative correlation (p < 0.001, r = −0.609) between age and
maximum heart rate in the fully suppressed group (Figure 1a). A statistically significant
positive correlation was found between maximum heart rate and the concentration of
free triiodothyronine (p = 0.002, r = 0.582) in the control group (Figure 1b). A signifi-
cant relationship was also found between the presence of hypertension and maximum
heart rate in both the fully suppressed group and the control group (Figure 1c,d). In
the full suppression group, the maximum heart rate in patients with arterial hyperten-
sion was lower than in patients without hypertension (113.25 ± 15.6 vs. 125.55 ± 12.818;
p = 0.048). In the control group, the presence of hypertension was significantly as-
sociated with maximum heart rate (112 ± 7 vs. 133.318 ± 16.551; p = 0.017). There
was a negative correlation (p < 0.001, r = −0.486) between age and mean heart rate in
the full suppression group (Figure 1e). A significant strong positive correlation was
found between mean heart rate and the concentration of free triiodothyronine (p = 0.002,
r = 0.594) in the control group (Figure 1f). There were no significant differences between
groups in the incidence of supraventricular and ventricular extrasystoles, or in the in-
cidence of paroxysmal supraventricular tachycardia. There were no episodes of atrial
fibrillation according to the adopted definition. One-way logistic regression did not show
any significant factors significantly affecting arrythmias incidence in any group.
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Table 4. Factors affecting heart rate.

Variable Fully Suppressed
(n = 48)

Partially
Suppressed (n = 25)

Control Group
(n = 25)

Maximum heart rate

Pearson’s correlation p-Value r p-Value r p-Value r

Age <0.001 –0.609 0.11 –0.324 0.32 0.206
Hemoglobin 0.6 –0.078 0.85 0.040 0.81 –0.050
Total calcium 0.26 –0.167 0.78 –0.059 0.46 –0.160

Potassium 0.77 –0.044 0.43 –0.166 0.40 –0.179
Levothyroxine dose 0.62 –0.074 0.3 –0.201 Nd Nd

TSH 0.17 0.200 0.79 –0.057 0.21 0.259
fT3 0.39 0.127 0.91 0.226 0.002 0.582

Mann-Whitney U test p-Value p-Value p-Value

Cancer type 0.21 NA 0.88 NA NA NA
Arterial hypertension 0.048 NA 0.95 NA 0.02 NA

Minimum heart rate

Pearson’s correlation p-Value r p-Value r p-Value r

Age 0.43 –0.116 0.24 0.243 0.84 –0.043
Hemoglobin 0.85 0.029 0.94 0.015 0.95 –0.012
Total calcium 0.85 0.028 0.33 –0.204 0.78 0.059

Potassium 0.46 0.109 0.62 –0.105 0.90 –0.027
Levothyroxine dose 0.73 –0.052 0.80 –0.053 NA NA

TSH 0.37 0.133 0.32 0.209 0.20 0.267
fT3 0.58 0.081 0.91 0.024 0.18 0.280

Mann-Whitney U test p-Value p-Value p-Value

Cancer type 0.14 NA 0.21 NA NA NA
Arterial hypertension 0.41 NA 0.97 NA 0.83 NA

Mean heart rate

Pearson’s correlation p value r p value r p value r
Age 0.001 –0.486 0.56 –0.124 0.23 –0.247

Hemoglobin 0.71 –0.056 0.46 0.156 0.68 0.088
Total calcium 0.08 –0.256 0.31 0.211 0.97 0.009

Potassium 0.82 –0.034 0.63 –0.101 0.44 –0.165
Levothyroxine dose 0.45 –0.111 0.19 –0.273 NA NA

TSH 0.15 0.212 0.32 0.208 0.74 0.071
fT3 0.25 0.170 0.40 0.177 0.002 0.594

Mann-Whitney U test p-Value p-Value p-Value

Cancer type 0.07 NA 0.88 NA NA NA
Arterial hypertension 0.12 NA 0.50 NA 0.3 NA

NA—not applicable; TSH—thyroid stimulating hormone; fT3—free triiodothyronine.
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Legend: fT3—free triiodothyronine. 
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Figure 1. Factors affecting heart rate. (a) Correlation between maximal heart rate and age in group
with full TSH suppression (p < 0.001. r = –0.609); (b) Correlation between maximal heart rate and
free triiodothyronine serum concentration in group with full TSH suppression (p = 0.002. r = 0.582);
(c) Relationship between maximal heart rate and arterial hypertension in group with full TSH
suppression (p = 0.048); (d) Relationship between maximal heart rate and arterial hypertension in
control group (p = 0.017); (e) Correlation between mean heart rate and age in group with full TSH
suppression (r = 0.001. r = −0.486); (f) Correlation between mean heart rate and age in group with
partial TSH suppression (r = 0.002. r = 0.582). Legend: fT3—free triiodothyronine.

4. Discussion

The relationship between arrhythmias and hyperthyroidism was noticed as early as
the 1940s. The first studies showed that hyperthyroidism influences the incidence of sinus
tachycardia, premature supraventricular beats, and atrial fibrillation [13–15]. A reduced
TSH concentration is a risk factor for the occurrence of atrial fibrillation [11], and subclinical
hyperthyroidism has also been shown to increase the risk of this arrhythmia [16]. Along
with the development of new treatment principles for differentiated thyroid cancer, the
effect of exogenous subclinical hyperthyroidism caused by suppressive doses of levothyrox-
ine on cardiac arrhythmias has emerged. The present study was conducted in the reference
center for the Świętokrzyskie Voivodeship, which has the highest standardized incidence
rates of thyroid cancer in the country for both women and men [4]. The large difference in
the number of fully suppressed patients (n = 48) compared to other groups (both n = 25)
resulted from the prospective nature of the study and more frequent use of full suppression
doses in the study population. The study groups were homogeneous in terms of age,
hemoglobin, total calcium, potassium, and free triiodothyronine concentrations, and the
presence of arterial hypertension. There were no significant differences in the maximum,
mean, and minimum heart rates between groups. Biondi et al. showed a higher mean
heart rate in TSH suppressed patients in a study involving younger patients treated with
higher levothyroxine doses than in our study [17]. In another study, the same authors
observed that endogenous subclinical hyperthyroidism also has a significant effect on
average heart rate [14]. By contrast, Shapiro et al. found no significant differences in mean
heart rate between the TSH suppression group and healthy volunteers in individuals of
a similar age to those in our study [18]. Ching et al. also found no differences in mean
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heart rate between TSH-suppressed patients and a healthy population but showed a signif-
icant effect of long-term TSH suppression on myocardial hypertrophy [19]. In a study of
endogenous subclinical hyperthyroidism in patients with nodular goiter, Berghout et al.
also found no significant differences in the maximum, mean, and minimum heart rates
compared with controls. The authors extended the analysis to compare these parameters
during sleep but did not find any significant differences [20]. In our study, we found that
heart rate depended on age, the presence of arterial hypertension, and triiodothyronine
level. No other studies conducted so far have analyzed the relationship between heart
rate and selected clinical variables. Our study found no difference in the prevalence of
supraventricular and ventricular arrhythmias between groups. The lack of significant
differences in supraventricular extrasystole between TSH suppressed patients and healthy
people was also shown by Shapiro et al. [18]. Patients with TSH suppression in that study
had similar TSH values to those in our study, which amounted to 0.03 ± 0.04 µU/mL,
whereas the daily dose of levothyroxine was higher than in our study and amounted
to 192 ± 58 µg/day. Supraventricular extrasystoles (>100/24 h) were not found in any
of the participants, and lower numbers of extrasystoles were found in 17.8% of fully
suppressed patients versus 5.9% in the control group; however, the differences between
groups were not statistically significant [18]. A significant difference between groups in
terms of supraventricular extrasystole was observed by Biondi et al. [17]. By contrast,
in another study on endogenous subclinical hyperthyroidism, the same authors showed
no statistically significant differences in supraventricular extrasystole between individ-
uals with subclinical hyperthyroidism and the control group. Both groups consisted of
18 people, and the adopted extrasystole standard was also 100/24 h. A significant number
of supraventricular extrasystoles was found in 11% of individuals in the study group and
in 6% of individuals in the control group [10]. In another study on endogenous subclinical
hyperthyroidism, no significant differences were found in the presence of clinically signifi-
cant supraventricular extrasystoles (>100/24 h) between the group with TSH <0.4 µU/mL
and the control group, because clinically significant arrhythmia was found in 26.7% of
participants in both groups [20]. Previous studies on both endogenous and exogenous
subclinical hyperthyroidism have not shown statistically significant differences [10,18,20].

In the present study, short-term episodes of non-sustained paroxysmal supraven-
tricular tachycardia were found in each group, but differences between groups were not
significant. There were also no episodes of atrial fibrillation. Previous studies on factors
that increase the risk of atrial fibrillation in subclinical hyperthyroidism have shown the
influence of many clinical and laboratory parameters. Abonowara et al. followed up
136 patients with thyroid cancer who were taking suppressive doses of levothyroxine,
assessing a routine 12 lead resting ECG for 11 years. Atrial fibrillation was found in 10.3%
of patients, and in 17.5% of patients over 60 years of age [21]. In another study, Hesselink
et al. compared 518 patients with differentiated thyroid cancer (TSH ≤ 0.5 µU/mL in 85.7%
of participants) with a control group of 1563 people [22]. The mean age in both groups
was 48.6 years, and 75% of the population were women. Atrial fibrillation was found in
42 individuals (2.7%) in the control group and in 35 individuals (6.8%) in the study group.
The mean age in the study group with atrial fibrillation was much higher (59.9 ± 10.8
vs. 47.7 ± 13.9 years), and hypertension was more frequent (49% vs. 15%). Regression
analysis showed a 2.5-fold increase in the risk of atrial fibrillation in patients with dif-
ferentiated thyroid cancer, but no statistically significant correlation was found between
TSH concentration and the occurrence of atrial fibrillation [22]. Gammage et al. analyzed
5860 patients over 64 years of age (126 with subclinical hyperthyroidism) and found that
atrial fibrillation occurs almost twice as often in patients with subclinical hyperthyroidism
than in euthyroid patients [23]. In a large population study involving 586,460 patients, an
increased risk of atrial fibrillation was shown in patients with a decreased TSH level. In
the TSH suppression group, the risk increased 1.4-fold [24]. Cappola et al. prospectively
examined more than 3000 people over 64 years of age. During 13 years of follow-up,
atrial fibrillation occurred in 8.5% of patients with subclinical hyperthyroidism, in 5.5% of
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individuals in euthyroid state, in 4.8% with subclinical hypothyroidism, and in 3.9% with
hypothyroidism. Multivariate regression analysis showed that subclinical hyperthyroidism
increases the risk of atrial fibrillation by two times [25]. Different results in terms of the
influence of subclinical disorders of the thyroid gland on the occurrence of circulatory
insufficiency were presented by Nanchen et al. after more than 3 years of observation of
5316 patients. The age range of the study population was high (70–82 years), and atrial
fibrillation occurred in 9.4% of participants, with no statistically significant difference in the
incidence of this arrhythmia between groups [26]. Although many studies have shown an
increased risk of atrial fibrillation in patients with reduced TSH levels, no episodes of atrial
fibrillation were recorded in the present study, which could be related to the lower age of
the included individuals than in previous studies, a relatively low percentage of patients
with diagnosed arterial hypertension, and an all-female population. The selection of the
population is a limitation of the study, but it also indicates a group for which suppression
therapy may be safe.

The presented study does not analyze the influence of BMI and fT4 concentration on
heart rate and arrhythmias, which is a limitation in the assessment of the results. The influ-
ence of obesity on the incidence of sinus tachycardia through altered autonomic regulation
of the heart rhythm has been confirmed by several studies [27–30]. Many studies have
also confirmed an increased incidence of atrial fibrillation in obese subjects [31–35]. The
influence of excess thyroid hormones on the occurrence of atrial fibrillation is well known,
but a significant correlation has also been demonstrated between the fT4 concentration
and the occurrence of atrial fibrillation in patients with subclinical hyperthyroidism [24].
Zhang et al. in a study of patients over 40 years of age with normal TSH levels showed a
statistically significant linear relationship between the total fT4 concentration and heart
rate in men, while in women it was insignificant [36].

5. Conclusions

(1) While maintaining normal free triiodothyronine concentrations, the use of suppressive
doses of levothyroxine in patients after thyroidectomy for differentiated thyroid cancer
does not cause statistically significant changes in maximum, average, or minimum
heart rate.

(2) The heart rate in patients with full TSH suppression depended on age and the pres-
ence of arterial hypertension. In patients with partial TSH suppression, no corre-
lation was found between TSH activity and heart rate. The heart rate in the con-
trol group depended on free triiodothyronine concentration and the presence of
arterial hypertension.

(3) The use of suppressive doses of levothyroxine in patients after thyroidectomy for
differentiated thyroid carcinoma does not significantly increase the risk of supraven-
tricular or ventricular extrasystoles, or paroxysmal supraventricular tachycardia.

(4) The use of TSH suppression after surgical treatment of differentiated thyroid car-
cinomas is safe in terms of arrhythmia induction and does not provoke clinically
significant arrhythmia.
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7. Jarząb, B.; Płaczkiewicz-Jankowska, E. Thyroid Cancer. In Interna Szczeklika; Gajewski, P., Ed.; Medycyna Praktyczna: Kraków,
Poland, 2018; pp. 91–101, 1344–1349, TabI.B.5–13.

8. Polikar, R.; Burger, A.G.; Scherrer, U.; Nicod, P. The thyroid and the heart. Circulation 1993, 87, 1435–1441. [CrossRef] [PubMed]
9. Dewland, T.A.; Vittinghoff, E.; Mandyam, M.C.; Heckbert, S.R.; Siscovick, D.S.; Stein, P.K.; Psaty, B.M.; Sotoodehnia, N.;

Gottdiener, J.S.; Marcus, G.M. Atrial ectopy as a predictor of incident atrial fibrillation: A cohort study. Ann. Intern. Med. 2013,
159, 721. [CrossRef]

10. Biondi, B.; Palmieri, E.A.; Fazio, S.; Cosco, C.; Nocera, M.; Saccà, L.; Filetti, S.; Lombardi, G.; Perticone, F. Endogenous subclinical
hyperthyroidism affects quality of life and cardiac morphology and function in young and middle-aged patients. J. Clin.
Endocrinol. Metab. 2000, 85, 4701–4705.

11. Sawin, C.T.; Geller, A.; Wolf, P.A.; Belanger, A.J.; Baker, E.; Bacharach, P.; Wilson, P.W.; Benjamin, E.J.; D’Agostino, R.B. Low serum
thyrotropin concentrations as a risk factor for atrial fibrillation in older persons. N. Engl. J. Med. 1994, 331, 1249–1252. [CrossRef]
[PubMed]

12. Forfar, J.C.; Miller, H.C.; Toft, A.D. Occult thyrotoxicosis: A reversible cause of “idiopathic” atrial fibrillation. Am. J. Cardiol. 1979,
44, 9–12. [CrossRef]

13. Goodwin, J.F. Thyrotoxic auricular fibrillation treated with thiouracil. Br. Med. J. 1949, 1, 895–897. [CrossRef]
14. Woeber, K.A. Thyrotoxicosis and the heart. N. Engl. J. Med. 1992, 327, 94–98. [PubMed]
15. Haïssaguerre, M.; Jaïs, P.; Shah, D.C.; Takahashi, A.; Hocini, M.; Quiniou, G.; Garrigue, S.; Le Mouroux, A.; Le Métayer, P.;

Clémenty, J. Spontaneous initiation of atrial fibrillation by ectopic beats originating in the pulmonary veins. N. Engl. J. Med. 1998,
339, 659–666. [CrossRef] [PubMed]

16. Auer, J.; Scheibner, P.; Mische, T.; Langsteger, W.; Eber, O.; Eber, B. Subclinical hyperthyroidism as a risk factor for atrial fibrillation.
Am. Heart J. 2001, 142, 838–842. [CrossRef] [PubMed]

17. Biondi, B.; Fazio, S.; Carella, C.; Amato, G.; Cittadini, A.; Lupoli, G.; Saccà, L.; Bellastella, A.; Lombardi, G. Cardiac effects of long
term thyrotropin-suppressive therapy with levo-thyroxine. J. Clin. Endocrinol. Metab. 1993, 77, 334–338. [PubMed]

18. Shapiro, L.E.; Sievert, R.; Ong, L.; Ocampo, L.E.; Chance, R.A.; Lee, M.; Nanna, M.; Ferrick, K.; Surks, M.I. Minimal cardiac effects
in asymptomatic athyreotic patients chronically treated with thyrotropin-suppressive doses of L-thyroxine. J. Clin. Endocrinol.
Metab. 1997, 82, 2592–2595. [CrossRef] [PubMed]

19. Ching, G.W.; Franklyn, J.A.; Stallard, T.J.; Daykin, J.; Sheppard, M.C.; Gammage, M.D. Cardiac hypertrophy as a result of
long-term thyroxine therapy and thyrotoxicosis. Heart 1996, 75, 363–368. [CrossRef] [PubMed]

20. Berghout, A.; van de Wetering, J.; Klootwijk, P. Cardiac and metabolic effects in patients who present with a multinodular goitre.
Neth. J. Med. 2003, 61, 318–322. [PubMed]

21. Abonowara, A.; Quraishi, A.; Sapp, J.L.; Alqambar, M.H.; Saric, A.; O’Connell, C.M.; Rajaraman, M.M.; Hart, R.D.; Imran, S.A.
Prevalence of atrial fibrillation in patients taking TSH suppression therapy for management of thyroid cancer. Clin. Investig. Med.
2012, 35, 152–156. [CrossRef]

http://doi.org/10.1056/NEJM199801293380506
http://onkologia.org.pl/raporty/
http://www.ncbi.nlm.nih.gov/pubmed/21049469
http://doi.org/10.1089/thy.2015.0020
http://doi.org/10.1161/01.CIR.87.5.1435
http://www.ncbi.nlm.nih.gov/pubmed/8490997
http://doi.org/10.7326/0003-4819-159-11-201312030-00004
http://doi.org/10.1056/NEJM199411103311901
http://www.ncbi.nlm.nih.gov/pubmed/7935681
http://doi.org/10.1016/0002-9149(79)90243-1
http://doi.org/10.1136/bmj.1.4611.895
http://www.ncbi.nlm.nih.gov/pubmed/1603141
http://doi.org/10.1056/NEJM199809033391003
http://www.ncbi.nlm.nih.gov/pubmed/9725923
http://doi.org/10.1067/mhj.2001.119370
http://www.ncbi.nlm.nih.gov/pubmed/11685172
http://www.ncbi.nlm.nih.gov/pubmed/8345037
http://doi.org/10.1210/jc.82.8.2592
http://www.ncbi.nlm.nih.gov/pubmed/9253339
http://doi.org/10.1136/hrt.75.4.363
http://www.ncbi.nlm.nih.gov/pubmed/8705762
http://www.ncbi.nlm.nih.gov/pubmed/14708909
http://doi.org/10.25011/cim.v35i3.16591


Curr. Oncol. 2021, 28 5018

22. Klein Hesselink, E.N.; Lefrandt, J.D.; Schuurmans, E.P.; Burgerhof, J.G.; Groen, B.; Gansevoort, R.T.; van der Horst-Schrivers,
A.N.; Dullaart, R.P.; Van Gelder, I.C.; Brouwers, A.H.; et al. Increased risk of atrial fibrillation after treatment for differentiated
thyroid carcinoma. J. Clin. Endocrinol. Metab. 2015, 100, 4563–4569. [CrossRef]

23. Gammage, M.D.; Parle, J.V.; Holder, R.L.; Roberts, L.M.; Hobbs, F.D.; Wilson, S.; Sheppard, M.C.; Franklyn, J.A. Association
between serum free thyroxine concentration and atrial fibrillation. Arch. Intern. Med. 2007, 167, 928–934. [CrossRef]

24. Selmer, C.; Olesen, J.B.; Hansen, M.L.; Lindhardsen, J.; Olsen, A.M.; Madsen, J.C.; Faber, J.; Hansen, P.R.; Pedersen, O.D.;
Torp-Pedersen, C.; et al. The spectrum of thyroid disease and risk of new onset atrial fibrillation: A large population cohort study.
BMJ 2012, 345, 7895. [CrossRef] [PubMed]

25. Cappola, A.R.; Fried, L.P.; Arnold, A.M.; Danese, M.D.; Kuller, L.H.; Burke, G.L.; Tracy, R.P.; Ladenson, P.W. Thyroid status,
cardiovascular risk, and mortality in older adults. JAMA 2006, 295, 1033–1041. [CrossRef] [PubMed]

26. Nanchen, D.; Gussekloo, J.; Westendorp, R.G.; Stott, D.J.; Jukema, J.W.; Trompet, S.; Ford, I.; Welsh, P.; Sattar, N.;
Macfarlane, P.W.; et al. Subclinical thyroid dysfunction and the risk of heart failure in older persons at high cardiovascu-
lar risk. J. Clin. Endocrinol. Metab. 2012, 97, 852–861. [CrossRef]

27. Rabbia, F.; Silke, B.; Conterno, A.; Grosso, T.; De Vito, B.; Rabbone, I.; Chiandussi, L.; Veglio, F. Assessment of cardiac autonomic
modulation during adolescent obesity. Obes. Res. 2003, 11, 541–548. [CrossRef] [PubMed]

28. Freitas, I.M.; Miranda, J.A.; Mira, P.A.; Lanna, C.M.; Lima, J.R.; Laterza, M.C. Cardiac autonomic dysfunction in obese normoten-
sive children and adolescents. Rev. Paul. Pediatr. 2014, 32, 244–249. [CrossRef]

29. Nagai, N.; Matsumoto, T.; Kita, H.; Moritani, T. Autonomic nervous system activity and the state and development of obesity in
Japanese school children. Obes. Res. 2003, 11, 25–32. [CrossRef]

30. Khrisanapant, W.; Sengmeuang, P.; Pasurivong, O.; Kukongviriyapan, U. Does cardiac autonomic modulation exist in obese
adolescents? Srinagarind. Med. J. 2008, 23, 234–239.

31. Karasoy, D.; Bo Jensen, T.; Hansen, M.L.; Schmiegelow, M.; Lamberts, M.; Gislason, G.H.; Hansen, J.; Torp-Pedersen, C.; Olesen, J.
Obesity is a risk factor for atrial fibrillation among fertile young women: A nationwide cohort study. Europace 2013, 15, 781–786.
[CrossRef] [PubMed]

32. Berkovitch, A.; Kivity, S.; Klempfner, R.; Segev, S.; Milwidsky, A.; Erez, A.; Sabbag, A.; Goldenberg, I.; Sidi, Y.; Maor, E. Body mass
index and the risk of new-onset atrial fibrillation in middle-aged adults. Am. Heart J. 2016, 173, 41–48. [CrossRef] [PubMed]

33. Lee, H.; Choi, E.K.; Lee, S.H.; Han, K.D.; Rhee, T.M.; Park, C.S.; Lee, S.R.; Choe, W.S.; Lim, W.H.; Kang, S.H.; et al. Atrial
fibrillation risk in metabolically healthy obesity: A nationwide population-based study. Int. J. Cardiol. 2017, 240, 221–227.
[CrossRef] [PubMed]

34. Foy, A.J.; Mandrola, J.; Liu, G.; Naccarelli, G.V. Relation of obesity to new-onset atrial fibrillation and atrial flutter in adults. Am. J.
Cardiol. 2018, 121, 1072–1075. [CrossRef] [PubMed]

35. Huxley, R.R.; Lopez, F.L.; Folsom, A.R.; Agarwal, S.K.; Loehr, L.R.; Soliman, E.Z.; Maclehose, R.; Konety, S.; Alonso, A. Absolute
and attributable risks of atrial fibrillation in relation to optimal and borderline risk factors: The atherosclerosis risk in communities
(ARIC) study. Circulation 2011, 123, 1501–1508. [CrossRef]

36. Zhang, Y.; Post, W.S.; Cheng, A.; Blasco-Colmenares, E.; Tomaselli, G.F.; Guallar, E. Thyroid Hormones and Electrocardiographic
Parameters: Findings from the Third National Health and Nutrition Examination Survey. PLoS ONE 2013, 8, 59489.

http://doi.org/10.1210/jc.2015-2782
http://doi.org/10.1001/archinte.167.9.928
http://doi.org/10.1136/bmj.e7895
http://www.ncbi.nlm.nih.gov/pubmed/23186910
http://doi.org/10.1001/jama.295.9.1033
http://www.ncbi.nlm.nih.gov/pubmed/16507804
http://doi.org/10.1210/jc.2011-1978
http://doi.org/10.1038/oby.2003.76
http://www.ncbi.nlm.nih.gov/pubmed/12690083
http://doi.org/10.1590/0103-0582201432210213
http://doi.org/10.1038/oby.2003.6
http://doi.org/10.1093/europace/eus422
http://www.ncbi.nlm.nih.gov/pubmed/23284141
http://doi.org/10.1016/j.ahj.2015.11.016
http://www.ncbi.nlm.nih.gov/pubmed/26920595
http://doi.org/10.1016/j.ijcard.2017.03.103
http://www.ncbi.nlm.nih.gov/pubmed/28385358
http://doi.org/10.1016/j.amjcard.2018.01.019
http://www.ncbi.nlm.nih.gov/pubmed/29501206
http://doi.org/10.1161/CIRCULATIONAHA.110.009035

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

