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ABSTRACT

Thyroid shares a close relationship with cardiac system therefore, thyroid hormone significantly impacts it. Deficiency or
excess of thyroid directly effects the cardiovascular hemodynamic and regulations. These effects are executed by genomic
method (mediated by nuclear receptors) or non-genomic method (mediated by ion channels). In case of existing cardiac
diseases, thyroid is overlooked. This is because subtle symptoms of thyroid are presumed to be signs of cardiac discomfort.
Current study is a narrative literature review. Many experimental research papers, review articles and case studies were
searched on databases such as Medline, Pubmed, Google scholar etc. with terms such as cardiovascular system, heart
failure, hyperthyroid, hypothyroid, thyroid hormones. Relevant information from them was researched, retrieved, analysed
and compiled. It is reaffirmed that there is a strong functional relation between thyroid dysfunction and heart. We found
that hypothyroid is more common in comparison to hyperthyroid among cardiac disease cases. Among hypothyroid,
specifically subclinical hypothyroid is further more common. This review provides an up to date version thyroid hormone
perturbations to the physicians working with cardiac diseases, and suggests that pre thyroid test shall be made mandatory
for all cardiac procedure.

Keywords: cardiovascular-system, heart failure, hyperthyroid, hypothyroid.

Received 29.07.2023 Revised 01.08.2023 Accepted 21.09.2023
How to cite this article:

Richa K, Atul K, Sunil K M, Anil B, Naresh T. Functional Relationship between Thyroid Dysfunction and Heart: From
Mechanism to Manifestation. Adv. Biores., Vol 14 (5) September 2023: 444-452

INTRODUCTION

Cardiovascular disease (CVD) are globally the biggest reason of death [1] partiularily Heart Failures (HF)
with a rising occurrence rate of 10/1000 person years [2]. Parallel to this, there has been an increase in the
number of thyroid cases worldwide. This simultaneous rise indicate a strong relation between the heart
and thyroid gland. Medical literature has also cited a common embryologic origin of both the organ [3].
Hence, endocrine hormones are physiopathologically associated to the cardiac system [4]. Mildest
alteration in the normal thyroid level, either excess (termed as hyperthyroid) or deficiency (termed as
hypothyroid) may lead to manifestation of cardiac diseases, progressing to heart failure. This adds to the
risk of CVD [2]. These manifestations are conveyed by two mechanisms: genomic and non-genomic.
Genomic methods included nuclear receptors regulating expression of target genes. Non-genomic methods
are also known as extranuclear methods because they are executed nuclear receptors. Sometimes, there is
also a combined effect of both the mechanisms [1]. Since thyroid has recorded a high prevalence rate of
about 16% [5], it is strongly recommended to investigate endocrine hormones and preclude thyroid
dysfunction in all subjects with risk of CVD, irrespective of reported HF history [2]

This review recapitulates the relationship of thyroid disorders in heart diseases, ranging from the
functional mechanism to their clinical manifestations, with special emphasis on involvement of
hypothyroidism and hyperthyroidism in heart failures.
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Chronicle:

The interconnection between endocrine and cardiac system was first reported in 1786. An English
physician, Caleb Hillier Parry proposed the relation between enlarged thyroid gland and the heart as he
observed one of his female patients having goiter and palpitation, describing it as “every systole shook the
full thorax” [3]. Since a long time, thyroid hormone concentrates spearheaded as a potential treatment of
myxedema [6]. This was experimentally proven in 1891 by George Murray, an English pathologist. He
administered a shot of sheep thyroid extract subcutaneously to a 46 years old myxedema patient. His
patient survived for 30 years [7-8]. Later, in 1914, Kendall materialized thyroid hormone thyroxine (T4)
and Harington and Barger gave its chemical structure in 1927. Around 1934, pitt-rivers and Gross identified
Triiodothyronine (T3) [10].

Initial Research:

It has been accounted earlier that thyroid gland and the heart have developed from the same embryologic
ancestor but, mutual correlation between the two organs were proven later.

During extensive analysis of post-mortem reports of heart attack mortalities, thyroid deficiency was found
as a common factor. So, researchers recommended to include thyroid hormone therapy among CVD
treatment therapeutics [11]. During initial days of TH therapy trials, subjects with known angina had
complaints of ingestion, which was rectified by gradually increasing the prescribed thyroid extract dose
[6].

Biochemical Pathway of TH mechanism:

Proper functioning of thyroid gland is imperative for metabolism as well as growth and development of the
body. It is maintained by a trio-coalition of hypothalamus- pituitary and thyroid through a feedback loop
mechanism. Firstly, thyroid releasing hormone (TRH) is released from the hypothalamus. Then thyroid
stimulating hormone (TRH) is released from the anterior pituitary. TRH works on thyroid gland to secrete
Thyroid hormones, Thyroxine (T4) and triiodothyronine (T3). Among the two key hormones of this
mechanism, T4 is a biologically pro-hormone and T3 is hyper active. Deiodinase (DIO) enzymes play a key
role in TH metabolism, DIO type I and DIO type II catalyse the conversion of T4 into T3. DIO II also
participates in T3 production. DIO III is responsible for catabolism and termination of thyroxine and
triiodothyronine [1, 6].

Functional impact of TH on Cardiac System:

Thyroid hormone effects cardiovascular system in multiple ways (figure 1). These include effects which
occur either directly on the genomic level or non- genomic and also as a combined effect. Genomic effects
are mediated by the nuclear receptor signaling that leads to the target gene expression within
cardiomyocytes. Non-genomic effects are extranuclear methods and are ion channel dependent. The
participating ion channels are specifically situated in the cell membrane of cardiac cells. The combined
action of both the mechanisms affects the peripheral circulation [12].

Genomic (Direct/Delayed) mechanism: This mechanism is mediated by TH nuclear receptors of
cardiomyocytes. TH binds to thyroid hormone receptors (TR) which further binds to thyroid hormone
response elements (TRE) in the promoter region of the TH responsive gene. The gene response majorly
depends on the availability of TH because its binding promotes the expression of the specific genes and
inhibits the transcription of other genes. As compared to T4, T3 has 10 times more affinity towards TR,
hence it binds to the receptor quickly. There are two main TRs located in cardiomyocytes, TRa (highly
expressed) and TR, which finally bind to the target gene [1,6,13]. Table1 enlists cardiac gene mediated by
T3.

Additional to this, T3 also plays a role in optimizing cardiac myocyte contraction and relaxation, mainly by
increasing Calcium cycling. Myocardial contractility is Myosin Heavy Chain (MHC o/ ) dependent function
and sarcoplasmic/ endoplasmic reticulum calcium ATPase 2 (SERCA2) pumps out calcium into
sarcoplasmic reticulum space. T3 upregulates MHC-a and SERCA?2 as they increase calcium cycling in the
sarcoplasmic reticulum space and down regulates MHC- beta and phospholamban (PLB) which are
inhibitory counterparts of MHC-a and SERCAZ2 respectively [1, 6, 14].

Non-Genomic (Extranuclear/Rapid) mechanism: This mechanism is mainly based on ion channels. It
includes accelerating of Na+/K+ ATPase activity, stimulating Ca2+ ATPase activity, inactivating sodium
channels and membrane Na+/H+ antiport (NHE). Availability of TH through these channels determines the
myocardial excitation and action potential [1]. Non-genomic mechanism also includes integrin receptors
interactions that are responsible for cytoplasmic signalling pathways [15] and phosphorylation-activation
of kinase pathways. TH dependent pathways are essential for metabolism, growth and development of
body [16]. Besides this, Few cardioprotective effects on the ischaemic animal hear are also listed under the
non-genomic mechanism [17,18].
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Combined effect: Genomic and non- genomic mechanisms are in-differentiable mechanisms. TH exerts a
combined effect on the heart firstly by controlling the expression of 31- adrenergic receptor signally.
Secondly by, influencing chronotropy through sodium, potassium and calcium channels.
Hyperthyroidism in relation to CVD

When thyroid gland secretes thyroid hormone excessively, it is termed as hyperthyroidism. it’s prevalence
ranges between 0.3% to 3%. Its occurrence depends on a number of factors such as iodine intake, presence
of comorbidities, age, sex etc. [19]. Hyperthyroidism strongly effects the heart function. Broadly, it causes
atrial fibrillation (AF), hypercoagulability, high heart rate, decreased systemic vascular resistance and
increased preload in heart patients [13, 19, 20]. Increased cardiac mass is the most common observation
whereas, increased pulmonary artery pressure is a recently reported symptom of cardiac manifestations
of hyperthyroidism [3].Usual signs of hyperthyroidism can be classified as physical, psychological and
hemodynamic. Physical symptoms include menstrual abnormalities, increased appetite but weight loss,
muscle weakness with tremors, hypersensitivity to heat, mild hyperhidrosis and fatigue; psychological
symptoms include frequent nervousness and hyperactive reflexes. Hemodynamic alterations include
increased resting heart rate and blood volume. These symptoms subsequently lead to cardiac
manifestations of hyperthyroidism, which are, palpitations, angina, tachycardia, increased stroke volume,
atrial fibrillation and also congestive heart failure [21]. Hyperthyroidism has been a potential cause of
alteration in the cardiovascular hemodynamics and arterial wall structure [22]. Increased risk of cardiac
mortalities among elderly people might be due to hyperthyroidism, as they experience tachycardia and AF
due to increased oxygen demand, which the aged heart cannot satisfy in presence of excessive TH [21]. At
the molecular level, symptoms of increased TH are similar to high adrenergic condition. Endocrine
hormones have no direct effect on adrenergic signal pathways but epinephrine and TH together gives a
synergic impact. Catecholamine (neurohormone) and 3-adrenergic blockers (sympatholytic agent) are
found effective in reversing adverse influence of hyperthyroidism in CVD [21, 23]. In case of
hyperthyroidism f31-adrenergic receptors is up-regulated and other adrenergic components are down-
regulated to maintain the effect on heart [24, 25, 26].

Hyperthyroidism is broadly of two types, Subclinical (milder) and overt (severe). Subclinical
hyperthyroidism is characterised with normal TH and low TSH values. It is often associated with systolic
hypertension plus diastolic dysfunction. Overt hyperthyroidism is characterized with suppressed TSH and
increased free hormone [22]. This is the least prevalent form of thyroid. Young et al, in a Study have
reported an association overt hyperthyroidism and increased CV mortality. About 5-10% subjects with AF
have overt hyperthyroid [27]. Albeit both, overt and subclinical hyperthyroidism are linked to cardiac risk
factors and mortalities, But still, their probability of being an independent risk factors that causes CV events
or mortality remains a question for research [19, 22].

Hypothyroidism in relation to CVD:

When thyroid gland secretes less thyroid or it is under-reactive, the condition is known as hypothyroidism.
Madariaga et al cited the prevalence of hypothyroidism as .6% (0.3% overt and 4.3% subclinical) based on
a survey conducted by NHNES III with 13,344 people [28]. In hypothyroidism the cardiac output declines
from 30 to 50% due to rise in systemic vascular resistance [3]. Hypothyroid causes severe changes in
cardiac structure and function depending on the duration of TH deficiency [4]. Itis found to be related [3,
4]. Cardiac manifestations of hypothyroidism include cold intolerance, bradycardia, reduced pulse rate,
mild diastolic hypertension and fatigue, these are the results of low TH action on both the heart as well as
peripheral vasculature. Low pulse rate is a common symptom, caused due to increased diastolic and
decreased systolic pressure in hypothyroidism. Along with this, low TH alters ion channel expression and
function of the heart, decreases heart rate and prolongs sinus node recovery time [4].

Hypothyroidism can be milder, with raised serum TSH is and normal TH, known as Subclinical
Hypothyroidism is diagnosed. This is the most common form of hypothyroid, overall prevalence ranges
from 4 to 15% [1] and 80% of hypothyroid patients suffer from it [13]. Left ventricular diastolic dysfunction
is a commonly observed cardiac abnormality in cases of subclinical hypothyroidism. It arises due to
impaired early ventricular filling and relaxation [13].

Overt hypothyroidism is the severe form of hypothyroidism where serum TSH is elevated and circulating
TH are low. It is less prevalent as compared to subclinical form. It's prevalent amongst approximately 3%
of the adult female population age [4]. Typical heart related symptoms include reduced cardiac output,
diastolic dysfunction and increased peripheral vascular resistance. Along with this modifiable
atherosclerotic risk factors like diastolic hypertension, hypercholesterolemia, alteration in intimal media
thickness are also noticed [13].
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Role of Thyroid Dysfunction in Heart Failure:

The relationship between the thyroid and heart failure is a gradational process (Figure 2) which has been
extensively researched. Any deviation from normal TH levels results in functional impairments in cardiac
system [29].Since, T3 has cardioprotective properties, around 15% to 30% cases of HF show low T3
syndrome, though this incidence rate might change with disease severity[13]. In both acute and chronic HF
(with ischemic or non-ischemic LV dysfunction), alterations in TH are associated with poor outcomes. For
instance, subjects with lowered Left Ventricular Ejection Fraction (LVEF) with low T3 reported higher
number of deaths as compared to cases with similar LVEF and normal T3 levels [13]. Besides this, it is
observed that subjects suffering from HF or any cardiac surgery usually have altered TH metabolism and
lowered T3, which further worsens the clinical outputs [30]. The American College of Cardiology, in latest
guidelines for HF, has recommended screening for thyrotropin levels in all new cases of HF [31].
Hypothyroidism- a risk of Heart Failure:

Even mild (subclinical) hypothyroidism can increase the incidence of Heart Failure and diastolic
dysfunction [31]. Acute hypothyroid and HF display some similar symptoms such as, low cardiac output
and contractility. It also alters gene expression profile [4]. Lack of TH reduces thermogenesis in tissues and
increases peripheral arterioles resistance by the direct action of on vascular smooth muscles. In
hypothyroidism cardiac preload decreases (due to disrupt diastolic function and decreased blood volume)
and Cardiac afterload increases. Final cardiac output is lowered as inotropic and chronotropic effects are
reduced [32, 33]. Table 2 summarizes various factors that lead to heart failure in hypothyroidism.

During diastolic phase the chronic response and cardiac muscle tension relies upon appropriate T3
expression in cardiocytes and it stimulation on Na+-K+-ATPase and Ca2+-ATPase in the endoplasmic
reticulum. At the time of isovolumetric relaxation of diastolic function slacks down leading to chamber
dilation and inadequate myocardial blood flow [23]. Figure 3 is a pictorially represents components leading
to heart failures in hypothyroidism.

Many cohort studies have extensively studied the risk factors causing heart failures. Hypothyroidism, even
if it is subclinical has been associated with HF causing medical ailment [34]. With an aim to study the
participation of hypothyroidism in heart failures, many clinical studies have been conducted with different
age groups [35]. A 2012 study, that was conducted with aged subjects concluded that if high TSH levels
(>10 mIU/L) persist for more than 6 months, chances of HF increase, irrespective of past CVD [36, 37].
Additionally, 13 longitudinal studies have reported hypothyroidism as a common factor in all cause
mortalities in cases of HF [38]. With the progression of age, heart gets sensitive towards fluctuating TH
levels. Hypothyroidism (even subclinical) can be an indicator of ailing condition in cases of HF [39, 40].
Comprehensively, these studies indicate a multifactorial adverse effects of thyroid which depends on age,
working status of heart and degree and duration of hypothyroidism [41]. Although, a study by Hernando et
al stated low probability of HF in subjects with hypothyroidism. Holmager et al conducted a randomized
trail wherein T3 was administered to subjects having chronic HF, results showed no benefits. Contradictory
to this, few studies have observed improvement in neuroendocrine and systolic-functions in subjects with
levothyroxine [2, 42]. Still, recommendation of thyroid replacement as a cardiomyopathy medication
remains a matter of discussion [43, 44].

Hyperthyroidism- a risk of Heart Failure:

HF is the most common side effect of hyperthyroidism in context of cardiac diseases [45]. In people with
hyperthyroidism, low output HF is common in old age and high output HF with Graves’ disease at younger
age [45]. Such people experience breathlessness at rest, pulmonary arterial hypertension (PAH) and
pleural effusion. The most common and an early symptom of developing HF in hyperthyroid patients is
exercise intolerance, it is because the heart cannot accommodate the sudden increase in cardiac demands
during intense physical activities [45-51].

Another common cardio-related complication observed with hyperthyroid is atrial fibrillation (AF). It is
observed in 7-8% among middle aged people and 10-20% in older people [52] but it is reversible, if
euthyroid status is maintained and toxic, if left untreated [53]. Following AF, arrhythmias and tachycardia
are also commonly observed. Hyperthyroid is also considered as an independent prognosis feature of
mortality in HF cases [54, 55]. Figure 4 pictorially represents the components leading to heart failures in
hyperthyroidism.

In cases with no history of heart disease, hyperthyroid and HF show similar signs of discomfort. At the
cellular level, hemodynamic changes caused by hyperthyroid lead to further decrease in the peripheral
vascular resistance which eventually activates RAAS signalling pathway causing sodium ion retention [48,
56]. At the transcriptional level, Ca* circulation in sarcoplasmic reticulum and phosphorylation of
phospholamban is controlled by TH. Its non- transcriptional effects are mediated by the ion channels [57].
These effects consequently lead to a state of “high output heart failure” which is marked by cardiac index
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>3.9 L/min/m2 [58]. It is suspected to be a result of “tachycardia mediated cardiomyopathy” (TMC), so it
is reversible when tachycardia is under control [58]. The root cause of cardiomyopathy in hyperthyroid
patients is not clear, but it is controlled by thyroid medication [23]

In a study done by Siu et al, involving 591 hyperthyroid subjects of an average age of 45 years, 6% reported
HF [60]. Nanchen et al concluded that subjects with mild signs of hyperthyroid are at higher risk of
developing HF as compared euthyroid subjects. In this study length of hospitalization was also prolonged
in hyperthyroid cases [61]. Similar results were given by a pool analysis study that included 25,000
particpants. The researchers also found strong correlation between rising HR and TSH levels, at TSH > 0.1,
HR was equal to1.3 and at TSH < 0.1, HR was equal to 1.9 [62]. HF is also observed in cases with overt
hyperthyroidism, such conditions gives rise to ‘high-output HF’ [63, 64]. Likewise, Rotterdam studied
10,000 individuals, who were above 45 years of age and conclude that over a follow-up of 9.1 years,
individuals with high FT4 and normal TH had increased risk of sudden heart attack deaths [65].

Table 1: Cardiac Genes That Are Regulated By T3

Positively regulated
Sarcoplasmic reticulum Ca?+ ATPase
a myosin heavy chain
Voltage gated K* channels
Na*/K* ATPase
Gs Guanine nucleotide binding protein (increase
adrenergic effect)
1-Adrenergic receptor
Adenine nucleotide translocase (ANT1)

Negatively regulated
Phospholamban (SERCA2 inhibitor)

3 myosin heavy chain

Nat*/Ca* exchange channels

Adenylyl cyclase type V,VI

Gi Guanine nucleotide binding protein (decrease
adrenergic effect)
Thyroid hormone receptor a-1
Thyroid hormone transport (MCT8,10)

Table 2: Components Leading To Heart Failure In Hypothyroidism.

Bradycardia
Decreased cardiac preload
Increased systemic vascular resistance
Increase in left ventricular mass

Impaired systolic function
Impaired diastolic function
Impaired left ventricular diastolic filling
Pericardial effusion

Fig 1: Action of TH on cardiomyocytes. (from Salman Razvi review 2019)

TH transporter

T2 t 'T3 T4

3
Genomic actions \\ -
1

. Increase myocardial contractility 7 5 3 Nucleus\:““::‘ 1. Changes in plasma membrane ion
2. Decreased fibrosis F ™o channels
3. Enhanced Ca** transients ")’,I"" ' 2. Regulation of survival pathways
4. Mitochondrial biogenesis 3. Reduced oxidative stress

I
o
F
”4

Mitochondrium

ABR Vol 14 [5] September 2023

448|Page

|

Nongenomic actions

4. Suppression of inflammatory pathways

© 2023 Author



Kahol et al

Figure 2: Thyroid Disease progression towards Heart Failure.
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Conclusive remarks:

Deranged thyroid levels cause cardiovascular complexities, these may be mild or severe depending on
various factors such as age, existing cardiac complications etc. Often the presence of thyroid goes
unidentified in subjects with cardiac issues because either it is asymptomatic or symptoms are similar to
the cardiac manifestations. Therefore, it is strongly recommended to have a pre-test of thyroid before
proceeding for any form of cardiac surgery because thyroid also impacts post-surgical outcomes
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