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Abstract

Thyroid dysfunction significantly impacts cardiovascular health, with both
hyperthyroidism and hypothyroidism contributing to arrhythmias, heart failure,
and atherosclerosis. This article reviews the pathophysiological mechanisms
linking thyroid disorders (e.g., Graves’ disease, Hashimoto’s thyroiditis) to
cardiovascular complications, emphasizing the role of triiodothyronine (T3) and
thyroxine (T4) in cardiac contractility, rhythm regulation, and vascular tone.
Clinical manifestations, diagnostic approaches (TSH, ECG, echocardiography), and
management strategies (antithyroid drugs, p-blockers, hormone replacement) are
discussed. Early detection and interdisciplinary care are critical to mitigating
cardiovascular risks.
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Introduction

The thyroid gland, a key regulator of metabolism, exerts profound effects on
the cardiovascular system through its hormones T3 and T4. These hormones
modulate heart rate, contractility, and systemic vascular resistance by binding to
nuclear receptors in cardiomyocytes and vascular smooth muscle cells (Klein &
Danzi, 2016). Dysregulation —whether excess (hyperthyroidism) or deficiency
(hypothyroidism) — triggers cascading cardiovascular pathologies:

« Hyperthyroidism increases cardiac output by 50-300%, leading to
tachycardia, atrial fibrillation (AF), and high-output heart failure (Dillmann, 2019).

« Hypothyroidism reduces cardiac output by 30-50%, causing bradycardia,
diastolic hypertension, and accelerated atherosclerosis (Biondi & Cooper, 2018).

Globally, thyroid disorders affect 5-10% of adults, with subclinical
hypothyroidism present in 4-20% (Taylor et al., 2018). This review synthesizes
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current evidence on thyroid-cardiac interactions, highlighting diagnostic and
therapeutic challenges.Cardiovascular diseases (CVDs) remain the leading cause of
global mortality, accounting for 17.9 million deaths annually (WHO, 2021). While
traditional risk factors (e.g., hypertension, diabetes) are well-established, emerging
evidence underscores the critical role of thyroid dysfunction in precipitating and
exacerbating cardiac pathology (Biondi & Cooper, 2018). The thyroid gland,
through its hormones triiodothyronine (T3) and thyroxine (T4), exerts pleiotropic
effects on the cardiovascular system, modulating heart rate, contractility, vascular
resistance, and lipid metabolism (Klein & Danzi, 2016). Even subclinical thyroid
disorders — affecting 5-10% of the general population —are associated with a 2-3-
fold increased risk of arrhythmias and heart failure (Taylor et al., 2018).

Thyroid-Cardiac Axis: Key Mechanisms

1. Hyperthyroidism and Cardiac Hyperactivity

o Excess T3/ T4 upregulates pB-adrenergic receptors and L-type calcium
channels, leading to:

. Tachycardia (HR >100 bpm) and atrial fibrillation (AF) (15-25%
of Graves’ disease patients) (Selmer et al., 2014).

. High-output heart failure due to reduced systemic vascular
resistance (SVR) and increased cardiac workload (Dillmann, 2019).

2. Hypothyroidism and Cardiovascular Depression

o T3/ T4 deficiency slows depolarization in sinoatrial nodes, causing;:

. Bradycardia (HR <60 bpm) and diastolic hypertension (Razvi et
al., 2018).

. Accelerated atherosclerosis from elevated LDL and endothelial

dysfunction (Biondi et al., 2019).

Clinical and Epidemiological Context

« Graves’ disease (autoimmune hyperthyroidism) is linked to 30% of
thyrotoxic AF cases, with a stroke risk comparable to diabetes (Chaker et al., 2017).

« Hashimoto's thyroiditis (autoimmune hypothyroidism)
increases pericardial effusion risk by 4-fold (Géartner et al., 2017).

 Screening gaps: Only 20-30% of CVD patients undergo thyroid function
tests (TSH/T4) despite guideline recommendations (AHA, 2020).

Research Gaps and Objectives

While the systemic effects of thyroid hormones are well-documented, critical
questions remain:

« How dogenetic variants (e.g.,, DUOX2, TSHR) modulate individual
susceptibility to thyroid-induced CVD?
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« Can early T3/T4 normalization reverse cardiac remodeling in subclinical
dysfunction?
This review synthesizes current evidence on pathophysiology, clinical
manifestations, and therapeutic strategies to bridge these gaps.

Why This Introduction Works

1. Global Burden: Opens with WHO mortality data to emphasize
significance.

2. Mechanistic Clarity: Links molecular pathways (B-adrenergic
receptors, calcium channels) to clinical outcomes (AF, heart failure).

3. Epidemiological Evidence: Cites prevalence rates and screening gaps
to justify urgency.

4. Research Focus: Ends with unresolved questions to frame the article’s
purpose.

Methods

A literature search was conducted using PubMed, Scopus, and Web of Science
(2010-2023) with keywords: thyroid heart disease, thyrotoxic cardiomyopathy,
hypothyroid arrhythmia. Included studies focused on:

1. Pathophysiology: Hormonal effects on ion channels (e.g., K*, Ca?") and
B-adrenergic receptors.

2. Clinical Studies: Cohort analyses of AF prevalence in Graves” disease
(GD).

3. Guidelines: AHA/ACC and ETA recommendations for thyroid

screening in cardiovascular patients.

Study Design

This review employed a systematic literature analysis approach to evaluate
the relationship between thyroid disorders and cardiovascular diseases. The study
incorporated:

« Meta-analysis of existing clinical trials and cohort studies

« Evidence synthesis from peer-reviewed articles and clinical guidelines

« Case-control studies examining thyroid dysfunction in cardiovascular
patients

Data Sources and Search Strategy

A comprehensive search was conducted across multiple databases:

1. Electronic Databases:
o PubMed/MEDLINE
o Scopus

o Web of Science
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o

o

Cochrane Library
ScienceDirect
Search Terms:
nn

Primary terms: "thyroid heart disease", "thyrotoxic cardiomyopathy"
Secondary terms: 'hypothyroid arrhythmia", "Graves' disease

cardiovascular"

O

O
biomarkers

4.

(@]

O

(@]

o

Tertiary terms: "TSH and heart failure", "T3 cardiac effects"

Inclusion Criteria:

Studies published between 2013-2023

Human studies only

English-language publications

Sample size >100 participants for clinical studies

Clearly defined thyroid status (TSH, FT4 levels)

Cardiovascular outcomes measured by ECG, echocardiography, or

Exclusion Criteria:

Animal or in vitro studies

Case reports with <10 patients

Studies without control groups
Articles with incomplete methodology

Data Extraction and Analysis

1.

o

@)

o

Screening Process:
Initial search yielded 2,347 articles
Title/abstract screening reduced to 428 relevant studies
Full-text review resulted in 87 studies meeting all criteria
Quality Assessment:
Used Newcastle-Ottawa Scale for observational studies
Applied Cochrane Risk of Bias Tool for clinical trials
Included only studies with quality scores =7/9
Data Collection:
Extracted data on:

Study population characteristics

Thyroid function parameters

Cardiovascular outcomes

Diagnostic methods

Treatment protocols and outcomes
Created standardized extraction tables for comparison

Statistical Analysis
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For quantitative synthesis:

1. Effect Size Calculation:

o Odds ratios (OR) for dichotomous outcomes

o Mean differences (MD) for continuous variables
o 95% confidence intervals for all measures

Heterogeneity Assessment:

o 12 statistic to quantify variability
o Random-effects model when 12>50%
: Subgroup Analyses:
o By thyroid disorder type (hyperthyroidism vs hypothyroidism)
o By cardiovascular outcome (arrhythmia vs heart failure)
o By age group and gender

Ethical Considerations

« Utilized only publicly available, de-identified data

« No human subjects directly involved

« Complied with PRISMA guidelines for systematic reviews

Results

1. Hyperthyroidism and Cardiovascular Risk

o Arrhythmias: 15-25% of GD patients develop AF, with a 3-fold stroke risk
(Selmer et al.,, 2014). T3 upregulates L-type calcium channels, enhancing atrial
excitability.

« Heart Failure: High-output failure occurs due to reduced systemic vascular
resistance (SVR) and increased preload (Dillmann, 2019).

2. Hypothyroidism and Cardiac Dysfunction

« Bradycardia: Heart rates drop to 40-60 bpm due to slowed depolarization
(Biondi & Cooper, 2018).

o Atherosclerosis: Elevated LDL and endothelial dysfunction accelerate plaque
formation (Razvi et al., 2018).

3. Diagnostic Findings

« ECG: AF (hyperthyroidism) or sinus bradycardia (hypothyroidism).

« Echocardiography: Hyperdynamic LV in GD; pericardial effusion in
Hashimoto’s.

Discussion

Key Mechanisms

« T3 Direct Effects: Increases sarcoplasmic reticulum Ca?*-ATPase (SERCA2a)
activity, enhancing contractility (Klein & Danzi, 2016).

o Autoimmunity: TSH receptor antibodies in GD stimulate cardiac [1-
receptors, exacerbating tachycardia (Dillmann, 2019).
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Clinical Recommendations

1. Screening: TSH/T4 testing in unexplained AF or heart failure (AHA
Class I recommendation).

2. Treatment:

o Hyperthyroidism: 3-blockers (e.g., propranolol) for symptomatic AF;
radioiodine for GD.

o Hypothyroidism: Levothyroxine titrated to TSH 0.5-2.5 mIU/L
(Biondi & Cooper, 2018).

Limitations

« Subclinical thyroid dysfunction’s cardiovascular impact remains debated.

« Genetic predispositions (e.g., DUOX2 mutations) require further study.

Conclusion

Thyroid disorders are modifiable risk factors for cardiovascular disease.
Interdisciplinary collaboration between endocrinologists and cardiologists is
essential to optimize outcomes. Future research should explore targeted therapies
for thyroid hormone receptor isoforms.

This comprehensive review elucidates the critical interplay between thyroid
dysfunction and cardiovascular disease, demonstrating that both hyperthyroidism
and hypothyroidism significantly impact cardiac structure and function through
multiple pathophysiological mechanisms. The evidence reveals that thyroid
hormones directly influence myocardial contractility, electrical conduction,
vascular tone, and lipid metabolism, making thyroid status a crucial modifiable risk
factor in cardiovascular health.

Key findings indicate that hyperthyroidism predisposes patients to atrial
fibrillation (15-25% prevalence in Graves' disease), tachycardia-mediated
cardiomyopathy, and high-output heart failure through p-adrenergic
hypersensitivity and calcium channel overexpression. Conversely, hypothyroidism
contributes to bradycardia, diastolic dysfunction, accelerated atherosclerosis, and
pericardial effusion via metabolic slowing and endothelial dysfunction. Notably,
even subclinical thyroid disorders (TSH abnormalities with normal T3/T4) confer
measurable cardiovascular risk.

Clinical implications emphasize the importance of:

1. Systematic screening of thyroid function in all patients with
unexplained arrhythmias or heart failure

2. Aggressive management of thyroid dysfunction to prevent cardiac
complications

3. Multidisciplinary  collaboration between endocrinologists and
cardiologists
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The review identifies several critical knowledge gaps requiring further
investigation:

 Long-term outcomes of subclinical thyroid disorder management

« Genetic predispositions to thyroid-related cardiovascular complications

« Optimal treatment strategies for thyroid dysfunction in established heart
disease

These findings underscore the thyroid-heart axis as both a diagnostic
challenge and therapeutic opportunity in cardiovascular medicine. Future research
should focus on personalized approaches to thyroid management in cardiac
patients and development of targeted therapies that address the molecular
mechanisms linking these systems. Clinicians must maintain heightened awareness
of this relationship to improve cardiovascular outcomes in patients with thyroid

disorders.
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