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Abstract

Hypothyroidism is a commonly encountered clinical condition with variable prevalence. It has profound effects on cardiac func-
tion that can impact cardiac contractility, vascular resistance, blood pressure, and heart rhythm. With this review, we aim to de-
scribe the effects of hypothyroidism and subclinical hypothyroidism on the heart. Additionally, we attempt to briefly describe how

hypothyroid treatment affects cardiovascular parameters.

Introduction

Hypothyroidism affects between 4% and 10% of the population,
and the prevalence of subclinical hypothyroidism is reported to be
as high as 10% in various studies."® Hypothyroidism is diagnosed
when low levels of the thyroid hormones result in elevated levels
of thyroid-stimulating hormone (TSH), whereas subclinical hypo-
thyroidism is diagnosed when TSH levels are elevated above the
upper limit of the assay reference range with normal thyroid hor-
mone levels. Thyroid hormones play an important role in the nor-
mal function of heart and vascular physiology, and hypothyroid-
ism produces profound cardiovascular effects. Of recent clinical
interest is the effect of subclinical hypothyroidism on cardiovas-
cular disease and whether or not it should be treated. This review
attempts to highlight the effects of hypothyroidism and subclinical
hypothyroidism on the heart and current treatment strategies.

Cardiometabolic Changes in Hypothyroidism

Thyroid hormones have a variety of effects on the cardio-
vascular system that can greatly impact cardiac function (Fig-
ure 1). Hypothyroidism is associated with decreased cardiac
output due to impaired relaxation of vascular smooth muscle
and decreased availability of endothelial nitric oxide. This pro-
duces a cascade effect of increased arterial stiffness that leads
to increased systemic vascular resistance. On a molecular level,
these alterations result from reduced expression of sarcoplasmic
reticulum Ca*-ATPase and increased expression of phosphol-
amban, which inhibits ATPase. Thyroid hormones also impact
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Figure 1. Effects of hypothyroidism on the heart. Modified from Klein et al.’
SVR: systemic vascular resistance; BP: blood pressure; PAR: peripheral arte-
rial resistance

the renin-angiotensin-aldosterone system. Renin substrates

are synthesized in the liver under the stimulus of T3. Thus, in
a hypothyroid state, diastolic blood pressure increases, pulse
pressure narrows, and renin levels decrease. This results in
diastolic hypertension that is often sodium sensitive.! Eryth-
ropoietin secretion is increased by T3, which can explain the
normochromic, normocytic anemia often found in hypothyroid-
ism. Thyroid hormones also regulate pacemaker-related genes
through transcription as well as the beta-adrenergic system in
cardiomyocytes. As a result of these mechanisms, heart rate
increases in the presence of thyroid hormones and decreases

in hypothyroidism (Table 1). Varied alterations in lipid param-
eters are noted in both overt and subclinical hypothyroidism,
including elevated total cholesterol, low-density lipoprotein
(LDL) cholesterol, and apolipoprotein B. A hypothyroid state
results in decreased expression of hepatic LDL receptors and
reduced activity of cholesterol-a-monooxygenase, which breaks
down cholesterol, resulting in decreased LDL clearance.* Also
noted are elevations in both C-reactive protein and homocyste-
ine (Table 2).!" Thyroid hormones affect endothelial functions
mediated by thyroid hormone receptor (THR)-o, and THR-.
Activation of THR-a., increases coronary blood flow, decreases
coronary resistance in mouse models, and increases production
of nitric oxide in endothelial and vascular smooth muscle cells.

Decreased cardiac output

Endothelial dysfunction

Increased systemic vascular
resistance

Decreased nitric oxide
production

Decreased arterial compliance

Decreased vascular smooth
muscle relaxation

Narrow pulse pressure

Decreased cardiac contractility

Increased diastolic pressure

Atherosclerosis

Decreased vascular smooth
muscle relaxation

Increased risk of coronary
artery disease

Table 1. Hemodynamic impact and molecular mechanisms of cardiovascu-
lar effects in hypothyroidism. Modified from Klein et al.’
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Decrease in number of LDL
receptors

Increase in total cholesterol

Increase in LDL Decrease in LDL receptor

activity

Increase in apolipoprotein-B Decrease in LDL clearance

Increase in CRP

Increase in homocysteine

Table 2. Lipid alterations and molecular mechanisms in hypothyroidism.
Modified from Klein et al." LDL: low-density lipoprotein; CRP: C-reactive
protein

Thyroid hormone activation of THR-f induces angiogenesis by
initiating the mitogen-activated protein kinase pathway.* Severe
hypothyroidism can also cause pericardial effusion. Though

the mechanism is unclear, increased capillary permeability and
reduced lymphatic drainage from the pericardial space have
been suggested.* Hypothyroidism can also be associated with a
decrease in insulin sensitivity due to downregulation of glucose
transporters and direct effects on insulin secretion and clear-
ance.®

Heart Failure and Hypothyroidism

As described earlier, hypothyroidism can affect cardiac contrac-
tility, which is often diastolic in nature, and impair cardiac muscle
relaxation. Associated diastolic hypertension and sometimes-co-
existent coronary artery disease further affect myocardial diastolic
function.” Cardiac echocardiography has demonstrated impaired
relaxation in patients with overt and subclinical hypothyroidism.
In addition, early impaired relaxation has been demonstrated by
prolongation of the isovolumetric relaxation time and reduction in
the E/ A ratio in subclinical hypothyroidism.® The E/A ratio is a ra-
tio of early to late ventricular filling velocities, and a reduced E/A
ratio signifies diastolic dysfunction from impaired relaxation. Con-
sequently, it results in a state of low cardiac output with decreased
heart rate and stroke volume. It is well known that protein-rich
pericardial and/or pleural effusion often occurs in hypothyroidism
as a result of increased vascular permeability. In advanced heart
failure and shortly after myocardial infarction, the conversion of
T4 to T3 decreases. Since T3 is the main regulator of gene expres-
sion in myocardial muscle, this decrease has been thought to affect
myocardial contractility and remodeling.” Low free T3 levels also
have been associated with increased mortality in patients with
heart disease.’

Arrhythmia and Hypothyroidism

It is well known that hyperthyroidism is associated with atri-
al fibrillation (AF). Similarly, hypothyroidism is associated with
increased cardiovascular risk factors as well as subclinical and
diagnosed cardiovascular disease, both of which are thought to
predispose one to AF. However, the relationship between hypo-
thyroidism and AF was evaluated in the Framingham Heart Study
and was not found to be statistically significant.!” The QT interval
is often prolonged in hypothyroidism due to prolonged ventric-
ular action potential." This is indicative of increased ventricular
irritability and in turn can lead to acquired Torsades de pointes.
Varying degrees of atrioventricular block and low QRS complexes

are also seen in patients with hypothyroidism."? Generally, the in-
cidence of ventricular fibrillation is decreased in hypothyroidism,
and depression of thyroid hormone levels appears to be beneficial
in patients with angina and acute myocardial infarction. Brady-
cardia can be beneficial as it raises the arrhythmogenic threshold,
especially in patients with underlying cardiovascular disease. In
summary, unlike hyperthyroidism, hypothyroidism is linked with
a decreased probability of cardiac arrhythmias.'

Amiodarone and Hypothyroidism

Amiodarone is an iodine-rich benzofuranic compound that
is used to manage cardiac arrhythmias." It contains about 37%
iodine by weight,'* and a 200-mg dose exposes the patient to
about 300 times the recommended daily allowance.'>!* Due to its
lipophilic nature, it concentrates in several tissues and organs,
including the thyroid gland. Its active dealkylated metabolite,
desethylamiodarone, tends to have a half-life of about 57 days,
thus effects can be long-lasting even after discontinuation.'®
Amiodarone-induced thyroid dysfunction could be secondary
to iodine load or intrinsic effects of amiodarone itself. The iodine
load from amiodarone can result in amiodarone-induced hypothy-
roidism (AIH) by inhibiting the oxidation of iodine, known as the
Wolff-Chaikoff effect.'” This is particularly the case in patients with
underlying or preexisting thyroid disease such as goiter or autoim-
mune thyroid disease.

Amiodarone by itself can also affect deiodinase activity. In vivo,
it inhibits deiodinase-1 activity and pituitary deiodinase-2 activity,
resulting in high T4, high reverse T3, and low T3. This may spur
an initial increase in TSH that often returns to baseline in 2 to 3
months. With long-term treatment, TSH usually normalizes with
total and free T4 and reverse T3 levels that remain slightly elevat-
ed. Early ATH may be present in 10% to 20% of patients treated
with amiodarone, whereas the incidence with long-term treatment
is often lower, from 5% to 10%. AIH is noted to be more frequent in
iodine-sufficient areas of the world,"® and the presence of thyroid
autoantibodies is associated with an increased likelihood of devel-
oping AIH. There is also an understanding that amiodarone may
hasten the pathogenesis of Hashimoto thyroiditis. Since ATH man-
ifests as primary hypothyroidism, diagnosis is similar to primary
hypothyroidism, as is treatment with levothyroxine replacement
(Figure 2).1

Subclinical Hypothyroidism and the Heart

Subclinical hypothyroidism is biochemically defined as a TSH
level above the upper limit of the reference range with normal
thyroid hormone levels. Severity of subclinical hypothyroidism is
further defined based on the elevation in TSH levels, where mildly
increased serum TSH levels range from 4 mIU/L to 10 mIU/L, and
anything above 10 mIU/L indicates severely increased TSH levels.®
The reported prevalence of subclinical hypothyroidism depends
on several factors, such as iodine supplementation, age, and race.
In the United States, the prevalence of subclinical hypothyroidism
is reported as 4.3% in the NHANES III study and as high as 9.5%
in the Colorado study.” The annual risk of progression to overt
hypothyroidism is reported at 1% to 5%, depending on TSH levels
and thyroid antibody status. Up to 60% of patients with subclinical
hypothyroidism can return to euthyroidism over 5 years, again
based on TSH levels and antibody status.”” As described earlier,
cardiovascular changes of arterial compliance, diastolic blood pres-
sure, endothelial dysfunction, and hyperlipidemia that are noted
with overt hypothyroidism can also occur in subclinical hypothy-
roidism."
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Amiodarone-induced hypothyroidism

Figure 2. Management of amiodarone-induced
hypothyroidism.
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Researchers have noted a significant association between sub-
clinical hypothyroidism and prevalence of ischemic heart disease
in residents of Nagasaki, Japan, after adjusting for age and sex. The
association persisted after additional adjustments were made for
other factors such as systolic blood pressure, body mass index, to-
tal cholesterol, smoking status, erythrocyte sedimentation rate, and
diabetes.”” A Taiwanese study noted an increased risk for all-cause
mortality and cardiovascular death in patients with subclinical
hypothyroidism.?! One could argue that radiation exposure may
have played a role in the Japanese study. However, reanalysis of
the United Kingdom-based Whickham survey noted a significantly
higher incidence of ischemic heart disease and related mortality in
patients with subclinical hypothyroidism as well.* In contrast, the
EPIC-Norfolk study did not reveal an increase in coronary heart
disease and all-cause mortality across a decade of follow-up.”* A
meta-analysis that included 11 prospective cohorts across five con-
tinents noted that subclinical hypothyroidism is associated with an
increased risk of coronary heart disease events and mortality with
elevated TSH levels, especially in those with values greater than
10 mIU/L.** Several of those studies suggested an increased risk
of coronary heart disease and cardiovascular mortality and an in-
creased risk of cardiovascular disease in younger individuals with
the cut-off age varying from 50 to 70 years.®

Age and Thyroid-Stimulating Hormone

It is well recognized that the incidence of cardiovascular disease
increases with advancing age. At the same time, there is evidence
highlighting varying upper limits for a normal TSH reference
range. Population studies such as NHANES III and NHANES
1999-2002 found that TSH values are higher with advancing age;
however, these studies also indicate that older patients may have
higher TSH values in the absence of thyroid disease.”*

Effect of Hypothyroid Treatment on the Heart
Treatment with levothyroxine in those with overt thyroid
dysfunction has been shown to improve LDL cholesterol, total

cholesterol, triglycerides, hypertension, diastolic dysfunction,
heart rate, and heart rate variability in exercise and to delay pro-
gression of atherosclerosis.! Patients with cardiomyopathies may
demonstrate improved cardiac contractility and stroke volume
with levothyroxine treatment. One of the main concerns with
starting levothyroxine replacement is the precipitation of myocar-
dial ischemia or arrhythmias, which, although rare, are known to
occur. The recommendation for these patients is usually to start
with low doses and gradually escalate until euthyroid status is
achieved.

In patients with subclinical hypothyroidism, cohort studies
have not found significant differences in cholesterol levels or dia-
stolic blood pressures. However, small randomized trials have dis-
covered some beneficial effects of treatment with levothyroxine. In
a study of women with subclinical hypothyroidism, 18 months of
treatment resulted in normalization of systolic and diastolic blood
pressure and of total and LDL cholesterol as well as decreased
carotid intima thickness.” In another study of patients with sub-
clinical hypothyroidism and coronary artery disease, no significant
changes occurred in the group randomized to levothyroxine, but
those who received placebo had echocardiographic evidence of
progression to myocardial diastolic dysfunction.?® Although there
are no randomized clinical trials evaluating long-term cardiovas-
cular outcomes and mortality in patients treated with levothyrox-
ine, a population-based study of levothyroxine-treated patients
demonstrated that those with elevated TSH (defined as greater
than 4 mIU/L) had a greater risk for cardiovascular events despite
receiving the drug.” Analysis from a population-based cohort
study revealed that patients with treated hypothyroidism noted no
increase in all-cause or cancer mortality but did notice an increase
in cardiovascular morbidity in terms of ischemic heart disease and
dysrhythmias.

Analysis from the United Kingdom General Practitioner Re-
search Database noted that treatment of subclinical hypothyroid-
ism with levothyroxine was associated with fewer ischemic heart
disease events in younger individuals (ages 40-70 years) but not
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