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Abstract 

Thyroid hormones have a significant cellular and hemodynamic effect, playing an important role on cardiac function 
and structure. On the basis of the understanding of the cellular mechanisms of action of thyroid hormones on the heart 
and cardiovascular system, we can explain the changes in cardiac output, cardiac contractility, arterial pressure, 
vascular resistance and rhythm disorders, that results from thyroid dysfunction. It is important to know cardiovascular 
complications in hyperthyroidism, because of their high frequency in clinical presentation and increased mortality and 
morbidity risk. 

The importance of the recognition of the effects of thyroid disorders on the heart, comes from various studies, where it 
is established that the restoration of normal thyroid function is accompanied by cardiovascular hemodynamic 
improvements. In the present review, we discuss how hyperthyroidism affects cardiovascular system.  
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1. Introduction

1.1. Role of Thyroid Hormone Action in Homeostasis 

The precise cellular and molecular mechanisms by which the thyroid exerts its effects on every tissue and organ of the 
body have been well studied. Thyroid hormones, tetraiodothyronine (T4)  and  triiodothyronine (T3), are synthesized 
by the thyroid gland in response to thyroid-stimulating hormone (TSH). The production and secretion of thyroid 
hormones (TH) is regulated by the hypothalamic thyroid-releasing hormone (TRH), which determines the equilibrium 
between serum thyroid stimulating hormone (TSH) and TH concentration. T3 is the biologically active thyroid hormone, 
which is mostly generated peripherally by 5′-monodeiodination of  T4 ( in the liver, kidney, and skeletal muscle) [1].The 
deiodination of T4, T3, and other iodothyronines is an integral component of TH homeostasis. All deiodinases are 
membrane-anchored proteins of 29–33kDa that share substantial sequence homology, catalytic properties and contain 
selenocysteine as the key residue within their catalytic centers. They catalyze and sequentially remove stereo-specific 
iodine atoms from T4, generating active and inactive isomers of both T3 and diiodothyronine (T2). The deiodinases play 
an important role in customizing TH signaling is the main way in which TH exert its metabolic effects.[2]. There are 
three types of deiodinases. Most of the circulating T3 is derived from Type 1. Type 1 (D1), is localized to the plasma 
membrane and expressed in thyroid, liver and kidney, and catalyzes removal of inner or outer ring iodine atoms in 
equimolar proportions to generate T3, reverse T3 (rT3), or T2, depending on the substrat [3]. There is no significant 
intracellular deiodinase activity in cardiac cells. Therefore, the heart relies mainly on the action of T3 since that is the 
hormone transported into the myocyte [4]. Both T4 and T3 circulate in the blood (> 95%) bound to thyroxine-binding 
globulin and a family of other hormone-binding proteins. The remaining unbound T3 is transported through a variety 
of membrane transport proteins to the cell nucleus to regulate expression of selected genes [5] 
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1.2. Molecular Mechanisms of Thyroid Hormone Action on Cardiac Myocytes 

The cellular actions of TH are mediated by the binding of T3 to nuclear receptors. It is T3 and not T4 that is transported 
into the cardiac myocyte. Thyroid hormones exert their intracellular cardiac effects through two mechanisms: genomic 
and nongenomic.T3 has both genomic and nongenomic effects on the cardiac myocyte, but most of the effects are 
exerted through genomic actions, which consist of T3 linking to nuclear receptors that bind to thyroid-responsive 
elements (TREs) in the promoter of target genes. These receptor proteins exist in 2 isoforms, α and β (TRα and TRβ), 
and bind to TH response elements in the promoter regions of TH-responsive genes. TRα and TRβ activate expression of 
positively regulated genes in the presence of T3 and repress expression in its absence [6]. There are several key 
myocyte-specific genes regulated by this mechanism (Table 1). Thyroid hormone-regulated genes are also involved in 
structural and regulatory proteins, and long-term exposure to high T3 levels can increase the synthesis of cardiac 
proteins, leading to cardiac hypertrophy and dysfunction [7]. 

Table 1 T3-Regulated Cardiac Genes [modified from the reference 4] 

Positively Regulated Genes Negatively Regulated Genes 

α-MHC  β-myosin heavy chain 

Sarcoplasmic reticulum Ca2+ ATPase  Phospholamban 

Voltage-gated potassium channels Thyroid hormone receptor α1 

Na+/K+ ATPase  Adenylyl cyclase catalytic subunits 

β1-adrenergic receptor  Na+/Ca2+ exchanged 

Nongenomic mechanisms are identified by their rapid rate of action and include direct modulation of membrane ion 
channel[4].TH have two major non-genomic effects, on cardiomyocytes of several membrane ion channels, such as Na+, 
K+, and Ca2+ channels[8]. Nongenomic effects are usually receptor-independent and largely occur at the plasma 
membrane, regulating ion transporter activity, provoking rapid changes in the cardiac myocyte plasma membrane and 
cytoplasmic organelles, which includes changes in sodium, potassium, and calcium ion channels, changes in actin 
cytoskeleton polymerization, and changes to the intracellular signaling pathways in the heart and smooth muscle cells 
[9]. Both the non-genomic and genomic effects of T3 act in concert to regulate cardiac function and cardiovascular 
hemodynamics. For example, TH upregulate expression of the sarcoplasmic reticulum calcium-activated ATP-ase and 
down regulate phospholamban expression, thereby enhancing myocardial relaxation. Moreover, the improved calcium 
reuptake during diastole may have a favorable effect on myocardial contractility. They also increase expression of the 
more rapid contractile isoforms of the myosin heavy chain (α isoforms), which contributes to enhanced systolic 
function. TH lower systemic vascular resistance, increase blood volume, and have inotropic and chronotropic effects on 
cardiac function. These changes on both the circulation and the heart itself result in increased cardiac output, which has 
been described in hyperthyroidism [10]. 

1.3. Hemodynamic Repercussions of Hyperthyroidism 

1.3.1. Effect on the Renin-Angiotensin-Aldosterone (RAA) axis  

In hyperthyroidism preload is increased, peripheral vascular resistance is reduced and heart rate is elevated, which 
leads to increased cardiac output. The reduced systemic vascular resistance results in decreased renal perfusion 
pressure and activation of the renin-angiotensin-aldosterone system (RAAS), thereby increasing sodium reabsorption 
and blood volume, leading this to increased preload, decreased afterload, and a significant increase in stroke 
volume[10].Thyroid hormones are known to increase the response of tissues to the action of the sympathetic system, 
or can also activate the RAS without involving the sympathetic nervous system. Numerous studies have reported that 
thyroid hormones might modulate the RAS and have evidenced a relationship between the thyroid state and RAS 
components at both plasma and tissue levels [11]. Thyroid hormones play a major role in the growth and development 
of various tissues, including the kidney and lung, which are major sites of renin and ACE synthesis, and enhances the 
cardiac expression of renin mRNA, leading to increased cardiac levels of renin and angiotensin II that are independent 
of the circulating renin and angiotensin [12]. In hyperthyroid state the expression of angiotensin II receptors increases 
in the myocardium. These hemodynamic changes cause stretching of the atrial fibers that trigger the secretion of atrial 
natriuretic peptide (ANP), which causes more vasodilation. All these changes suggest a central role of the myocardial 
RAAS in thyroxine-induced cardiac hypertrophy as well as potential therapeutic implications of medications that block 
this system [7].  
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1.3.2. Action on Catecholamine Sensitivity 

The increased heart rate, widened pulse pressure, and increased cardiac output of patients with hyperthyroidism 
resemble a state of increased adrenergic activity and a direct effect of thyroid hormone[13].The results of several 
investigations have suggested that thyroid hormone itself has direct inotropic and chronotropic effects on the heart. It 
is observed that plasma catecholamine levels and turnover rates are not increased in hyperthyroidism, and G protein 
the β-adrenergic receptor density is altered in a time- and tissue-dependent manner, resulting in increased tissue 
sensitivity to catecholamines [14]. The changes in the heart rate result from both an increase in sympathetic tone and 
decrease in parasympathetic tone [15].The sensitivity of the cardiovascular system to adrenergic stimulation is not 
changed by thyroid hormones [13, 14].This is supported by the fact that administration of a β-adrenergic receptor 
antagonist to patients with hyperthyroidism slows the heart rate, but does not alter systolic or diastolic contractile 
performance [16], confirming that thyroid hormone acts directly on cardiac muscle[13]. There is an increase in heart 
rate at rest, blood volume, systolic volume, myocardial contractility and diastolic function, resulting in a hyperdynamic 
cardiovascular state characteristic of hyperthyroidism. (Fig. 1) 

 

Figure 1 Summary of  molecular and clinical effects of hyperthyroidism on cardiovascular system. 

1.4. Hyperthyroidism and the Heart Failure 

Cardiovascular function has a close relationship with thyroid status due to the direct action of T3 on cardiomyocytes, 
the autonomic system, vascular smooth muscle and the endothelium. Therefore, thyroid dysfunction can be 
accompanied by multiple structural and/or functional alterations of the heart that ultimately lead to heart failure. The 
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main changes are: Increases in heart rate, cardiac contractility, systolic and mean pulmonary artery pressure, cardiac 
output, diastolic relaxation, and myocardial oxygen consumption; Reductions in systemic vascular resistance and 
diastolic pressure[17]. Hemodynamic changes caused by hyperthyroidism predispose the patient to heart failure. 
Patients with hyperthyroidism may have signs and symptoms indicative of heart failure in absence of prior cardiac 
injury [18]. This state has been called “high-output failure,” with paradoxical features such as enhanced cardiac output 
and contractility that are characterized by overproduction thyroid hormone [5]. The true heart failure manifests as a 
decreased cardiac contractility, pulmonary congestion and abnormal diastolic compliance, which results in severe or 
chronic hyperthyroidism, as a consequence of exaggerated sinus tachycardia or atrial fibrillation [18]. Preexistent 
ischemic or hypertensive heart disease may also predispose the hyperthyroid patient to development heart failure[19]. 
Both Graves’ and Hashimoto’s diseases are associated with an increased prevalence of mitral valve prolapse, and later 
in turn may predispose to enlargement of the left atrium and atrial fibrillation[20]. Thyrotoxic cardiomyopathy is known 
myocardial damage caused by toxic effects of overproduction thyroid hormone, resulting in altered myocyte energy 
production, intracellular metabolism, and myofibril contractile function, with main manifestations are left ventricular 
hypertrophy, heart rhythm disturbances, primary atrial fibrillation, dilation of the heart chambers, heart failure, PAH, 
and diastolic dysfunction[18].  On the basis of the high prevalence of pulmonary artery hypertension that many of the 
signs of heart failure, such as neck vein distension and peripheral edema, may be caused by right heart strain [21,22]. 

Therapy with β-adrenergic blockade medication to reduce heart rates should be first-line therapy [23]. The use of 
digitals with diuretics is appropriate in patients with overt heart failure and pulmonary congestion [24]. The treatment 
of choice for the hyperthyroidism is with 131I-radioiodine [23], which is both safe and effective especially when used 
in conjunction with β-adrenergic blockade. Cure of the hyperthyroidism and a restoration of the euthyroid state, 
frequently results in a reversion of the atrial fibrillation to sinus rhythm and a resolution of the cardiac manifestations 
[25]. 

1.5.  Hyperthyroidism and the Atrial Fibrillation 

Sinus tachycardia is the most common arrhythmia in hyperthyroidism and is almost present in all patients [26]. 
Characteristic of this disease is an increased in resting heart rate. The prevalence of  atrial fibrillation in this disease 
ranges between 2% and 20%, which increases with age. When analyzed by age, a stepwise increase in prevalence was 
present, which peaked at ≈15% in patients >70 years old. Lars Frost et al identified that among 40,628 patients with 
hyperthyroidism from Danish National Registry over a 20 year period, 8.3% had atrial fibrillation or flutter within 30 
days from the date of diagnosis, with risk factors for atrial fibrillation in patients with hyperthyroidism similar to those 
in general population like age, male sex, ischemic heart disease, congestive heart failure and valvular heart disease 
[27].Other factors associated with the presence of AF in hyperthyroidism are: obesity, chronic kidney disease, 
proteinuria, female gender, serum-free T4 concentration, and transaminase concentrations [28]. Atrial fibrillation 
usually is persistent rather than paroxysmal. Early screening for TSH, free T4, and total T3. is especially important for 
detecting thyroid dysfunction in this patient demographic [29].The several mechanisms that contribute in the 
development of atrial fibrillation in hyperthyroid patients include :elevated left atrial pressure that leads to increased 
left ventricular mass and impaired ventricular relaxation [30];  ischemia resulting from raised resting heart rate [31]; 
and increased atrial ectopic activity[32]. Hyperthyroidism is associated with coagulation abnormalities such as 
shortened activated partial thromboplastin time, increased fibrinogen levels, and increased factor VII and factor X 
activity [10], all of which contribute to the risk of cardiac blood clot formation in these patients. 

Rapid diagnosis of hyperthyroidism and successful treatment with either radioiodine or thioureas is associated with a 
reversion to sinus rhythm in a majority of patients within 2 to 3 months [33]. Cardiac arrhythmias, of which atrial 
fibrillation is most frequent contribute to excess mortality from cardiovascular and cerebrovascular events by inducing 
heart failure and predisposing to embolic events. In younger patients with hyperthyroidism and atrial fibrillation, in the 
absence of organic heart disease, hypertension, or other independent risk factors for embolization, the benefits of 
anticoagulation may be outweighed by the risk, meanwhile aspirin provides a reduction of risk for embolic events and 
appears to offer a safe alternative [34]. 

1.6. Hyperthyroidism and Pulmonary Hypertension 

Pulmonary hypertension is an increase in mean pulmonary artery pressure > 25 mm Hg at rest, or > 30 mm Hg during 
exercise, which is classified into five groups based on etiologies and pathophysiologic mechanisms: Group 1-pulmonary 
arterial hypertension; Group 2-PAH due to left heart disease; Group 3-PAH due to lung disease or hypoxia; Group 4-
chronic thromboembolic PAH); and Group 5-PAH due to unclear multifactorial mechanisms [35]. Both pulmonary 
hypertension and atrioventricular valve regurgitation have been documented to occur with a high prevalence in thyroid 
disease patients. Approximately 20% of patients with pulmonary hypertension have thyroid disease, which is more 
frequent than the general population [36]. Several studies reported the effects of hyperthyroidism on the occurrence of 
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increased vascular pulmonary arterial pressure. Although the mechanism of PAH in hyperthyroidism is uncertain, its 
reversal once the euthyroid state is restored supports a causal relationship. The proposed mechanisms are the direct 
effects of thyroid hormones on pulmonary vascular proliferation, the chronotropic effects of hormones on the 
cardiovascular system, and autoimmune-mediated endothelial dysfunction [37]. Thyroid disease should be considered 
in the differential diagnosis of primary pulmonary hypertension. 

1.7. Amiodarone-Induced Hyperthyroidism 

Amiodarone has multiple effects on myocardial depolarization and repolarization that make it an extremely effective 
antiarrhythmic drug, but because of its high iodine content, can cause changes in thyroid function tests that result in 
either hypothyroidism (5% to 25% of treated patients) or hyperthyroidism (2% to 10% of treated patients)[38]. 
Amiodarone inhibits the conversion of T4 to T3 as a result of the inhibition of 5′-deiodinase activity, and the iodine 
released from amiodarone metabolism can directly inhibit thyroid gland function [39]. Amiodaron-induced 
hyperthyroidism range from 2% to 10% and vary directly with duration of treatment. There exists 2 forms of 
amiodarone-induced hyperthyroidism (AIT). Type 1 AIT occurs in patients with preexistent thyroid disease and goiter 
and more often is present in regions where iodine intake is low. In contrast, Type 2 AIT is caused by an inflammatory 
process that causes increased release of thyroid hormones in patients without underlying thyroid disease [40].It is 
usually not possible to distinguish between these two types. Mixed forms of AIT also occur, posing a diagnostic and 
therapeutic challenge. Type 1 AIT is treated with thionamides, and type 2 AIT is treated with oral glucocorticoids, while 
mixed forms may require a combination of thionamides and steroids. Although most treatment protocols suggest 
cessation of the amiodarone and use of thioureas in relatively high doses, neither of these interventions have been 
shown to lead to predictable benefits [34]. In rare cases, surgical thyroidectomy has proven to be effective, making it a 
valid option in cases resistant to medical therapy. The decision to interrupt the therapy with amiodarone or not requires 
interaction between the cardiologist and endocrinologist [40]. 

1.8. Subclinical Hyperthyroidism and the Heart 

Subclinical hyperthyroidism is defined as a low or undetectable serum TSH concentration in the presence of normal 
levels of serum T4 and T3, and is a common medical finding, particularly in elderly people [41].The prevalence of 
subclinical hyperthyroidism ranges from 0.6 to 1.8% in adults, depending on age, sex and iodine status. Depending on 
serum TSH value, subclinical hyperthyroidism is classified into two categories: Grade 1, with mildly low but detectable 
serum TSH (0.1-0.45 mIU/L), and Grade 2, with lower levels of serum TSH(< 0.1 mIU/L).  

In the last years has gained attention due to its health-related conditions, especially at the cardiovascular level. Although 
patients with subclinical hyperthyroidism often do not experience symptoms of hyperthyroidism, they have an 
increased risk for cardiovascular disease, dementia, and osteoporosis [26]. A 10-year cohort study of older patients, 
showed that subclinical hyperthyroidism was associated with increased risk for cardiovascular mortality and atrial 
fibrillation [42]. Subclinical hyperthyroidism is associated with a higher incidence of major adverse of cardiovascular 
events, because of increased factor X activity, which results in hypercoagulable state [43]. An increased carotid intima-
media thickness has also been reported in subclinical hyperthyroidism [44]. Altogether, subclinical hyperthyroidism 
not only results in an increased risk of death from cardiovascular disease (HR 1.29; 95% CI: 1.02–1.62), but as well as 
leads to other effects, such as an increased left ventricular mass, sinus tachycardia, and diastolic dysfunction[42]. The 
European Thyroid Association recommends treating grade 2 subclinical hyperthyroidism in patients older than 65 
years and to consider treating milder grades in the presence of heart disease or other significant comorbidities or risk 
[45].  

2. Conclusions  

Hyperthyroidism is a common thyroid disorder with many effects on almost all systems in the body, including the 
gastrointestinal system, bone metabolism, dermatological effects, and the cardiovascular system. Cardiovascular effects 
are the most common and dangerous effects. Hyperthyroidism causes high cardiac output and left ventricular 
hypertrophy in the early stage, and biventricular dilatation and congestive heart failure in the late stage. Atrial 
fibrillation and pulmonary hypertension as a result of untreated hyperthyroidism are associated with an increased risk 
of morbidity.  

The recognition and detection of these manifestations in patients with thyroid disease, as well as the reinforcement of 
the need for thyroid function tests in patients with cardiovascular disease, are very important. 
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