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Thyroid disease

and the heart

DUNCAN J. TOPLISS ™MD, FRACP, FACE

Insufficient or excessive thyroid hormone levels can affect cardiovascular health.
The mechanism, diagnosis and treatment of these conditions are discussed.

yperthyroidism has a prevalence
of 1.3% in the general population
(0.5% overt, 0.8% subclinical)!
with an incidence of 0.8/1000
women per year,” and hypothyroidism has
a prevalence of 4.6% (0.3% overt, 4.3%
subclinical) with an incidence of 3.5/1000
women per year. Thyroid dysfunction is more
common in women (hyperthyroidism 6:1)
due to the preponderance of autoimmunity
in women. Over 10% of the adult population
have circulating thyroid autoantibodies.?
Insufficient or excessive thyroid hormone
levels can affect cardiovascular health, either
by causing heart disease directly or by wors-
ening existing cardiovascular disease. This
article discusses the mechanisms by which
thyroid disease can affect the cardiovascular
system, the diagnostic and monitoring mea-
sures that should be taken for these patients,
and treatment options.

Pathophysiology

Thyroid hormones have clear physiological
effects on the heart and cardiovascular sys-
tem. Thyroid hormone excess and deficiency
have pathophysiological effects generally
similar to, but more extreme than, the phys-
iological effects. The predominant action of
thyroid hormones is via nuclear receptors on
specific genes with thyroid hormone response
elements in their upstream regulatory
sequences. These genes include those for car-
diac myosin heavy chain «, sarcoplasmic retic-
ulum calcium ATPase, sodium—potassium
ATPase, atrial natriuretic peptide and
voltage-gated potassium channels. Cardiac
angiogenesis is increased. Nongenomic
actions can influence sinoatrial node activity,

transport of calcium, sodium and glucose in
myocytes, and possibly oxidative phosphory-
lation in mitochondria.

Thyroid hormones influence cardiovas-
cular haemodynamics by increasing the
force and speed of systolic contraction,
increasing heart rate, increasing cardiac out-
put, decreasing systemic vascular resistance,
increasing systolic blood pressure and
decreasing diastolic blood pressure. Thyroid
hormones increase both hypercapnic and
hypoxic drives.

All usual forms of hyperthyroidism are
associated with suppression of thyroid stim-
ulatinghormone (TSH) and elevation of both
free thyroxine (fT4) and free tri-iodothyronine
(fT3), or fT3 alone (T3 toxicosis). Standard in
vitro thyroid function tests are diagnostically
reliable, but clinical assessment is paramount
in judging severity. Primary hypothyroidism
is the most common form of hypothyroidism
and TSH levels are elevated even when T4
and T3 remain within the normal range (sub-
clinical hypothyroidism); TSH is, therefore, a
sensitive index for this diagnosis. In hypothy-
roidism due to pituitary disease, TSH levels
are normal or low; a low T4, therefore, is the
best in vitro diagnostic marker. Mild pituitary
hypothyroidism, however, may not be diag-
nostically obvious on thyroid function tests
and tests need to be interpreted in clinical
context, especially as severe nonthyroidal ill-
ness can cause apparently similar changes.

Hyperthyroidism

Overt hyperthyroidism is associated with
tachycardia, raised systolic blood pressure and
widened pulse pressure. Hyperthyroidism can
cause angina in patients with ischaemic heart

Key points

e Hyperthyroidism and hypothyroidism
can both lead to heart disease,
and thus to increased mortality.

e Hyperthyroidism is associated with
tachycardia, raised systolic blood
pressure, arrhythmia and atrial
fibrillation, mitral valve prolapse
and cardiac failure.

¢ Hypothyroidism is associated with
bradycardia, dyslipidaemia and
ischaemic heart disease, and
contributes to cardiac failure.

e Amiodarone, an important
antiarrhythmic drug, can cause
hyperthyroidism and
hypothyroidism. Amiodarone-
induced hyperthyroidism can be
especially challenging to treat.

e Careful monitoring of clinical
thyroid status, thyroid hormone
levels and heart function will guide
treatment of these conditions.

¢ Nonthyroidal iliness can alter in
vitro thyroid function tests and
presents a diagnostic challenge
versus thyroid disease, particularly
in severe heart illness.
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disease, and myocardial infarction in the
absence of ischaemic heart disease is
described. The effect on respiratory drive can
produce dyspnoea in the absence of cardiac
failure. Hyperthyroidism is associated with
increased all-cause and cardiovascular mor-
tality.*> Treatment causing hypothyroidism
appears more effective in reducing mortality
than therapy producing only euthyroidism,
suggesting that aggressive therapy followed
by thyroxine therapy is warranted in patients
with hyperthyroidism, especially among older
people.®’

Arrhythmia and atrial fibrillation
Palpitations commonly occur in patients
with hyperthyroidism and are usually due
to sinus tachycardia but arrhythmia is a
common complication. Hyperthyroidism
increases the risk of atrial fibrillation; how-
ever, ventricular arrhythmias are rarely due
to hyperthyroidism. Atrial fibrillation result-
ing from hyperthyroidism increases the risk
of pulmonary embolism and congestive car-
diac failure. Anticoagulation is appropriate,
taking account of the usual contraindica-
tions. High normal fT4 levels and low nor-
mal serum TSH levels have been reported
to be associated with a modest increase in
the risk of atrial fibrillation.®

Cardiac failure

Contrary to the physiological effects of
thyroid hormones, decreased cardiac con-
tractility is observed in hyperthyroidism, with
accelerated apoptosis of myocytes. Cardiac
failure can occur solely due to hyperthy-
roidism, but is more common in association
with other cardiac disease. Rate-dependent
cardiac failure can occur, with decrease of
both left ventricular ejection fraction and
diastolic compliance; this can respond to

[3-blockers. Pulmonary hypertension from
hyperthyroidism as a cause of right-sided
failure has been reported. Hyperthyroidism
increases resistance to digoxin therapy.
Takotsubo cardiomyopathy has been
described in patients with thyroid storm.
Although effects of thyroid hormones resem-
ble those of catecholamines, serum levels of
catecholamine are reduced in patients with
hyperthyroidism.

Amiodarone-induced hyperthyroidism
Amiodarone causes two types of hyperthy-
roidism (but mixed forms also occur).
Type 1 amiodarone-induced hyperthy-
roidism (AIT) is due to the liberation of inor-
ganic iodine from amiodarone, which con-
tains 37.2% iodine by weight. This type of
iodine-induced hyperthyroidism most com-
monly occurs in patients with pre-existing
goitre. Type 2 AIT is due to the toxic effect
of organic iodine-containing amiodarone
metabolites, causing thyroiditis even with a
previously normal thyroid. This generally
does not develop before 12 to 24 months
of therapy and can occur up to 18 months
after cessation of long-term amiodarone
treatment.

Thyroid function tests can be diagnos-
tically confusing for a month or so after
commencing amiodarone due to the alter-
ation of T4 to T3 conversion in tissues,
including the pituitary gland, with distor-
tion of feedback mechanisms. Chronic inhi-
bition of T4 to T3 conversion in the liver,
kidney, skin and muscle can result in a
raised fT4 level with normal fT3 and normal
TSH levels, but this is not hyperthyroidism
or a risk factor for hyperthyroidism.

True AIT is characterised by (usually
marked) elevation of fT4 and fT3 levels with
suppressed TSH levels. Weight loss, proxi-
mal myopathy and worsening arrhythmia
should provoke suspicion of AIT, and thy-
roid function tests should be performed
routinely every six months. Colour flow
Doppler ultrasound of the thyroid is the
most discriminant test to guide therapy as
it shows very low flow in type 2 AIT.?

Type 2 AIT is the more common form in
Australia, and may respond to high-dose
prednisolone (40 mg daily for two to four
weeks, then reducing). If amiodarone is
judged important to prevent ventricular
arrhythmia, it need not be stopped in
patients with type 2 AIT."°

Type 1 AIT may respond to high-dose
thionamide therapy. Thyroidectomy may be
required among patients with type 1 and 2
AIT if there is no response to pharma-
cotherapy. Radioiodine therapy is rarely
possible in AIT, particularly in type 2 AIT,
because of the absence of iodine uptake but

may be considered many months later as
prophylaxis against recurrent AIT if amio-
darone must be resumed. There is no con-
sensus on this approach as the absolute risk
of recurrence after resumption of amiodarone
is unknown. Although dronedarone, an
alternative noniodine-containing anti-
arrhythmic agent, does not have the thy-
roidal or pulmonary side effects of amio-
darone, it appears to increase mortality in
patients with New York Heart Association
(NYHA) class IV heart failure, and in those
with classes II and IIT heart failure with
recent decompensation. Dronedarone may
have significant hepatotoxicity so it seems
unlikely to replace amiodarone for treat-
ment of ventricular arrhythmias.

Hyperthyroidism and mitral valve
prolapse

An association between hyperthyroidism
and an increased incidence of mitral valve
prolapse among adults and children beyond
that seen in the general population has been
described. An association of mitral valve
prolapse with the autoimmunity of Graves’
disease and Hashimoto’s thyroiditis inde-
pendent of the hyperthyroid state has been
suggested in some studies' and mitral valve
prolapse has been reported in patients with
hyperthyroidism and autonomously func-
tioning thyroid nodules."

Subclinical hyperthyroidism
Subclinical hyperthyroidism is defined as a
chronically suppressed TSH level with nor-
mal fT4 and fT3 levels. There is an increased
risk of atrial fibrillation when TSH levels are
below 0.1 mU/L." In patients over the age of
60 years there may be an increased all-cause
and cardiovascular mortality, at least over
five years,' although this has not been con-
firmed in all meta-analyses' and no inter-
ventional data are available.

Hypothyroidism

The haemodynamic effects of overt hypo-
thyroidism are the reverse of hyperthy-
roidism, with increased systemic vascular
resistance, decreased cardiac contractility
and decreased cardiac output. Severe hypo-
thyroidism is associated with bradycardia
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and torsade de pointes; the latter can
respond to thyroxine therapy. Ischaemic
heart disease is increased in patients with
hypothyroidism,'® especially in those with
concomitant hypertension. In animal stud-
ies, acute myocardial infarction causes more
myocardial damage in the presence of
hypothyroidism."”

Myocardial oxygen consumption is
decreased in patients with hypothyroidism;
this is thought to explain the low incidence of
angina. The dyslipidaemia of hypothy-
roidism contributes to accelerated athero-
sclerosis. Congestive cardiac failure can
occur, but is not common solely due to
hypothyroidism. Pericardial effusion is com-
mon, but rarely produces tamponade. ECG
shows low voltages and ST-T wave changes.

Subclinical hypothyroidism

Subclinical hypothyroidism, in which the
{T4 level is within the normal range but the
TSH level is elevated, is common and is
associated with measurable cardiovascular
effects of decreased left ventricular diastolic
function, slowed myocardial relaxation,
decreased ventricular filling, increased sys-
temic vascular resistance, subtle dyslipi-
daemia, and decreased endothelial function.
Some, but not all, epidemiological analyses
report an adverse effect of subclinical
hypothyroidism on coronary heart disease
events and mortality.'® There is no conclu-
sive demonstration of clinical benefit of thy-
roxine therapy in subclinical hypothy-
roidism; however, the current consensus is
that treatment of asymptomatic subclinical
hypothyroidism should occur when the TSH
level is greater than 10 mU/L.

Amiodarone-induced hypothyroidism

Amiodarone-induced hypothyroidism is more
likely to occur if thyroid function is already
impaired, and is due to the effect of excess inor-
ganic iodine on the thyroid. As thyroid autoim-
munity is the most common pre-existing dis-
ease, pretreatment thyroid function tests and
antithyroid antibody testing should be per-
formed, and testing continued every six
months while taking amiodarone therapy. In
general, thyroid hormone replacement ther-
apy is straightforward unless severe coronary

artery disease and exacerbation of angina
occurs. Replacement therapy with thyroxine
in the presence of ischaemic heart disease
should begin at 25 pg/day with increments,
and repeat thyroid function tests at not less
than four-weekly intervals.

Hypothyroidism and cardiac
surgery

Occasionally, overt hypothyroidism and
severe coronary disease coexist and thyroid
hormone replacement therapy is rendered
impossible because it induces angina. In this
circumstance, coronary artery surgery can
proceed but with strict attention to adjust-
ment of the doses of drugs, anaesthetic
agents and fluid replacement required by the
markedly reduced drug clearance and
hypometabolism of hypothyroidism.

Nonthyroidal illness

Nonthyroidal illness commonly causes the
low T3 syndrome and when severe both T4
and T3 levels are low, without TSH eleva-
tion except during recovery. In general, this
is thought to be an appropriate response to
acute illness that may become maladaptive
when prolonged. Limited trials of T4 and T3
therapy in critical illness in animal models or
in humans have not shown benefit on mor-
tality."” The suppressive effect of thyroid hor-
mone therapy on TSH may compromise
normal recovery from the low T4 syndrome
and promote excessive catabolism.

Thyroid hormone therapy and

cardiac surgery including cardiac
transplantation

T3 therapy has become part of routine
preparation of the donor heart before trans-
plantation because the nonthyroidal illness
(low T3 syndrome) has been hypothesised to
be hypothyroidism. The extensive literature
on the use of T3 therapy in brain-dead heart
donors to improve post-transplant myocar-
dial function, although strongly advocated
by some, remains inconclusive.”” Some stud-
ies show an apparent benefit, but the inter-
pretation of these findings is confounded by
suboptimal experimental design and by
other interventions such as insulin, glucose,
cortisol and vasopressin.*!

Use of pharmacological T3 therapy after
coronary artery bypass grafting can increase
cardiac output acutely and may decrease
the risk of acute atrial fibrillation. The T3,
however, appears to function mainly as a
vasodilator, and there is no beneficial effect
on mortality.>?

Research

Thyroid hormone analogues have been tested
with the aim of benefit on cardiac failure and
dyslipidaemia but without the adverse meta-
bolic effects of thyroid hormones.

The thyroid hormone analogue diiodo-
thyropropionic acid (DITPA) increases car-
diac output and decreases systemic vascular
resistance in cardiac failure, but has not been
shown to produce symptomatic benefit. D-T4
was used to decrease cholesterol levels before
other agents became available, but was even-
tually shown to have no differential benefit
on lipid versus adverse thyroid hormonal
effects. The trial of DITPA in congestive car-
diac failure decreased LDL cholesterol levels
without affecting HDL cholesterol levels, but
increased bone turnover adversely.**

A short-term trial of the analogue epro-
tirome in statin-treated participants further
decreased LDL cholesterol, apoB, triglyceride
and lipoprotein (a) levels without affecting
serum T4 or TSH levels, indicating this agent
may have promise.”

Conclusion

Hyperthyroidism and hypothyroidism are
common endocrine conditions that can
seriously affect cardiovascular health.
Management of these conditions involves
careful assessment of clinical thyroid and
cardiac status as well as monitoring of thy-
roid hormone levels. Choice of pharmaceu-
tical or surgical treatments for thyroid dis-
ease and co-existent cardiac disease or
cardiac disease and co-existent thyroid dis-
ease must consider the efficacy and safety of
potential treatments on both conditions. CT
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