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PERSPECTIVE PEER REVIEWED

Overt thyrotoxicosis can cause marked cardiovascular
abnormalities, including tachyarrhythmias, heart failure
and pulmonary hypertension.

Subclinical hyperthyroidism is associated with adverse
cardiac effects, including increased cardiovascular
mortality. These risks are most pronounced in older
patients.

Overt hypothyroidism has cardiovascular effects that are,
in many ways, opposite to those seen in thyrotoxicosis.
Mild elevations in serum thyroid-stimulating hormone
levels (<10 miU/L) can occur with normal ageing.
Subclinical hypothyroidism perhaps poses a greater
cardiac risk to younger patients with underlying coronary
heart disease or other cardiovascular risk factors.

The decision of whether or not to treat a patient with

subclinical thyroid dysfunction needs to be individualised.

Factors such as age, underlying cardiac status and
degree of subclinical dysfunction are all important
considerations.
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Thyroid hormone has important actions on the heart, and thyroid
dysfunction can cause significant adverse cardiovascular effects.
Thyroid dysfunction occurs on a spectrum ranging from subclinical
disease to overt thyrotoxicosis or hypothyroidism. This article
addresses the cardiovascular manifestations of both subclinical and
overt thyroid dysfunction, and suggests potential indications for
treatment to improve cardiac outcomes.

hyroid hormone has important actions on the heart, and thyroid

dysfunction can cause significant adverse cardiovascular effects. The

specific effects and their importance differ with the type and severity
of thyroid dysfunction. Thyroid dysfunction occurs on a spectrum ranging
from subclinical disease to overt thyrotoxicosis or hypothyroidism. Overt
thyroid dysfunction (either thyrotoxicosis or hypothyroidism) is usually
symptomatic whereas mild forms of thyroid disease are generally (but not
always) asymptomatic. Subclinical thyroid disease is defined biochemically
as an abnormal level of serum thyroid-stimulating hormone (TSH) in the
presence of normal thyroxine (T4) and tri-iodothyronine (T3) levels. Thus,
in patients with subclinical hyperthyroidism the TSH level is suppressed
with normal T4 and T3 levels, and conversely in those with subclinical
hypothyroidism the serum TSH level is elevated.

Thyroid hormone physiology: cardiac effects

The thyroid gland predominantly secretes T4, a prohormone with intrinsic
activity, which is converted peripherally in the liver, kidney and skeletal
muscle to active T3. The free T3 serum concentration determines the cardiac
effects of thyroid hormones because cardiac myocytes cannot convert T4
to T3.! Within the nucleus, T3 binds to thyroid hormone receptors to
positively or negatively regulate the transcription of a number of key genes.
T3 also has nongenomic cardiac effects by directly affecting the function
of several membrane jon channels.?

Haemodynamically, the overall effect of T3 on cardiac myocytes is an
increase in ventricular contractility and resting heart rate. Peripherally, T3
lowers systemic vascular resistance through relaxation of vascular smooth
muscle leading to an increase in circulating blood volume via activation of the
renin-angiotensin system. In patients with thyrotoxicosis, these haemodynamic
changes can increase cardiac output by as much as 300%.!

Overt thyrotoxicosis

Rhythm disturbances

An increase in heart rate occurs in almost all cases of overt thyrotoxicosis.
Sinus tachycardia is the most common dysrhythmia, but atrial fibrillation
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(AF) poses the greater clinical challenge
(note: in this article AF also denotes the
closely related condition of atrial flutter). The
prevalence of AF in patients with thyrotox-
icosisis estimated to be between 2 and 20%.!
In a large population-based study, 8.3% of
40,628 patients with thyrotoxicosis were
diagnosed with AF within 30 days of their
diagnosis of thyrotoxicosis.? Factors associ-
ated with an increased risk of AF included
male sex, older age, ischaemic or valvular
heart disease, and congestive cardiac
failure.”

Restoration of euthyroidism is funda-
mental to the management of patients with
AF in the setting of thyrotoxicosis. Approx-
imately 60 to 70% of patients will revert to
sinus rthythm within two to three months
of achieving euthyroidism.* Thyroid func-
tion testing is therefore reccommended in all
patients with new-onset AF.> Rate control
for AF in patients with thyrotoxicosis is best
achieved with use of beta blockers.' Digoxin
is less effective in the thyrotoxic state due to
both increased drug clearance and increased
expression of the sodium—-potassium ATPase
necessitating higher than usual digoxin
doses.’ For patients with persistent AF, the
decision of whether or not to anticoagulate
is based on weighing the risks of thrombo-
embolism (CHA,DS -VASc score) versus
bleeding, as for other cases of AF. Some
caution should be applied if initially antico-
agulating with warfarin, because lower doses
than usual may be needed in patients with
thyrotoxicosis.® In patients who become
euthyroid and revert to sinus rhythm, and
whose AF was clearly provoked by the thy-
rotoxicosis, the decision regarding contin-
uation of anticoagulation is beyond the
scope of this article, but would often be
discussed with a cardiologist.

Heart failure

In a study of 591 consecutive patients with
thyrotoxicosis, 5.8% had heart failure at the
initial presentation.” The mechanism of
thyrotoxicosis-induced heart failure involves
a tachycardia-induced left ventricular dys-
function.! Elderly patients and those with
underlying heart disease are more likely to
develop heart failure from thyrotoxicosis.

Pulmonary hypertension

Several studies have shown an association
between thyrotoxicosis and pulmonary
hypertension. In a study of 114 patients with
hyperthyroidism, 43% had an elevated pul-
monary artery systolic pressure on transtho-
racic echocardiogram.® It has been postulated
that thyrotoxicosis is associated with pulmo-
nary endothelial cell dysfunction, which leads
to elevated pulmonary pressures.’

Subclinical hyperthyroidism
Subclinical hyperthyroidism is defined as a
suppressed serum TSH level with normal
circulating levels of T4 and T3. Transient
suppression of TSH levels can occur in cer-
tain circumstances (e.g. thyroiditis, non-
thyroidal illness, pregnancy) and so the
diagnosis of subclinical hyperthyroidism
requires demonstration of persistently sup-
pressed TSH levels on repeat testing at least
two to three months apart.”®

Atrial fibrillation

Several large studies have shown an associa-
tion between subclinical hyperthyroidism
and an increased risk of AF. A large retro-
spective case-control study showed an
increased risk of AF in people with subclinical
hyperthyroidism, with the highest risk in
those with a TSH level below 0.1 mIU/L."
In a meta-analysis of five cohort studies,
subclinical hyperthyroidism was associated
with a greater risk of AF; again the risk was
highest for patients with a TSH level below
0.1 mIU/L.2 Alarge population-based cohort
study showed a progressive increase in the
risk of AF as serum TSH level decreased from
within the normal range to undetectable.””
In this study, subclinical hyperthyroidism
was associated with a crude incidence of AF
of 12.5 events per 1000 person years.”

Heart failure

In a meta-analysis of six cohort studies, sub-
clinical hyperthyroidism was associated with
anear doubled risk of heart failure when TSH
level was below 0.1 mIU/L (hazard ratio, 1.94;
95% confidence interval [CI], 1.01-3.72). For
a'TSHlevel of 0.1 to 0.44 mIU/L the effect was
nonsignificant (hazard ratio, 1.31; 95% CI,
0.88-1.95).4
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Cardiovascular and all-cause mortality

Several meta-analyses have shown an
increase in cardiovascular and all-cause
mortality in patients with subclinical hyper-
thyroidism.”>">"” The largest of these included
data from 10 cohort studies (52,674 partici-
pants) and, after adjustment for age and sex,
found that subclinical hyperthyroidism was
associated with increased total mortality,
increased mortality from coronary heart
disease and increased coronary heart disease
events.”? In the Cardiovascular Health Study,
lower serum TSH concentrations and higher
free T4 levels were associated with increased
mortality in older patients (over 65 years)."*

Overt hypothyroidism

Overt hypothyroidism has cardiovascular
effects that are, in many ways, opposite to
those seen in thyrotoxicosis. Sinus bradycar-
dia is the most common rhythm abnormality,
although more sinister arrhythmias including
QT interval prolongation leading to torsade
de pointes have been reported.? Ventricular
contractility is reduced, largely due to reduced
expression of the myocyte sarcoplasmic retic-
ulum calcium pump and increased expression
of its inhibitor phospholamban.? These
negative chronotropic and inotropic effects
of hypothyroidism lead to a reduced cardiac
output.

Overt hypothyroidism is associated with
an increased risk of atherosclerosis, largely
due to hypertension and dyslipidaemia. Blood
pressure (mostly diastolic) is increased due
toanincrease in systemic vascular resistance.!
Overthypothyroidism has been consistently
shown to cause elevations in total cholesterol
and low-density lipoprotein (LDL) levels.
Both synthesis and degradation of LDL-
cholesterol are decreased in hypothyroidism
but the latter predominates owing to reduced
expression of LDL-cholesterol receptors and
therefore clearance of LDL-cholesterol from
the serum.”

Subclinical hypothyroidism

As with subclinical hyperthyroidism, diag-
nosis of subclinical hypothyroidism requires
demonstration of persistently elevated
TSH levels (with normal circulating levels
of T4 and T3) on repeat testing at least two
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to three months apart.® Causes of a transient
elevation in TSH level include thyroiditis,
nonthyroidal illness and use of drugs such
aslithium. Mild elevations in TSH level (up
to 7.5 mIU/L in people aged over 80 years)
can occur with normal ageing.” However,
for younger patients and those with greater
elevation of TSH level, subclinical hypo-
thyroidism may lead to an increased risk of
dyslipidaemia, coronary artery disease and
heart failure.

Dyslipidaemia

Several studies have suggested minor
increases in serum lipid levels, particularly
LDL-cholesterol, in patients with subclinical
hypothyroidism.?»* In patients with dyslip-
idaemia, a meta-analysis suggests a small but
measurable decrease in total and LDL-
cholesterol levels with thyroxine treatment.
Larger reductions occurred in patients with
higher serum cholesterol levels.**

Coronary artery disease

Three meta-analyses have shown an associa-
tion between subclinical hypothyroidism and
coronary artery disease.'**?* One of these
studies analysed 55,287 patients from 11 cohort
studies finding that subclinical hypothyroid-
ism was associated with a higher risk of coro-
naryartery disease events and coronary artery
disease mortality, particularly with serum TSH
levels of 10 mIU/L or greater.”

Some observational studies have
suggested that the risk of coronary artery
disease in subclinical hypothyroidism
mainly applies to younger patients. In a
meta-analysis, both occurrence of ischaemic
heart disease and cardiovascular mortality
were increased only in patients aged under
65 years.” In a population-based longitudi-
nal study of patients aged over 65 years,
subclinical hypothyroidism was not associ-
ated with an increased risk of coronary heart
disease or cardiovascular death.”

There are no randomised controlled studies
evaluating the effect of thyroxine replacement
on coronary artery disease events. However,
an observational analysis found fewer events
for younger patients (under 70 years of age)
treated with thyroxine, but this was not evident
in older people (over 70 years of age).”®

Suggested approach for the management of subclinical hyperthyroidism

A patient presents with persistent, asymptomatic subclinical hyperthyroidism

v

Atrial fibrillation or
cardiac disease

No atrial fibrillation or cardiac disease

v

present *

Age =65 years

¥

Age <65 years

v

TSH level <0.12 mIU/L

TSH level 0.1-0.4 mlU/L

N

TSH level <0.1 mIU/L

v

\/ \/

Treat

increase bone resorption and fracture risk.

Toxic nodular disease

Consider treating;
seek specialist advice

Underlying atrial fibrillation (AF) or cardiac disease is an indication for treatment irrespective
of age or degree of subclinical hyperthyroidism. For patients with TSH levels of 0.1 to 0.4 mIU/L
and without underlying AF or cardiac disease, the cause of the subclinical hyperthyroidism
influences the treatment decision. For example, it is possible for people with Graves’ disease to
spontaneously remit; thus in these patients careful observation is a reasonable approach.

It is also not unreasonable to observe a patient with toxic nodular disease and a TSH level of
0.1 to 0.4 mIU/L; however, in this group, spontaneous remission usually does not occur.
Furthermore, subclinical hyperthyroidism due to toxic nodular disease can be treated
effectively with radioiodine or hemithyroidectomy without rendering the patient hypothyroid;
specialist advice should be sought. Although this algorithm focuses on cardiovascular
outcomes, treatment of subclinical hyperthyroidism should also be considered in patients
with osteoporosis or who are postmenopausal where subclinical hyperthyroidism may

| v |
Uncomplicated Graves’ disease

\

Reasonable to closely monitor
for remission or deterioration

Heart failure

Several prospective studies have suggested
an association between subclinical hypo-
thyroidism and onset or progression of heart
failure. A meta-analysis of six large prospective
studies found a significantly higher rate of
heart failure events when TSH levels exceeded
10 mIU/L, which was independent of increas-
ingage

Should we treat thyroid disease
to improve cardiac status?

Overt thyrotoxicosis and
hypothyroidism

Overt thyrotoxicosis and hypothyroidism are
generally symptomatic, and treatment of

persistent disease should occur irrespective
of cardiac status. As noted above, cardiac
effects of thyroid disease are more pronounced
in this setting; therefore, it would be expected
that the greatest absolute benefits for cardiac
function and outcome would occur in
patients with overt thyroid disease.

Subclinical hyperthyroidism

The decision of whether or not to treat a patient
with persistent subclinical hyperthyroidism
is not always straightforward. Depending on
the cause, treatment may include antithyroid
medication (carbimazole first-line outside of
early pregnancy), radioiodine or thyroid sur-
gery. In patients with underlying heart disease,
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Suggested approach for the management of subclinical hypothyroidism

A patient presents with persistent, asymptomatic subclinical

hypothyroidism and is not pregnant

\J

TSH level 4 to 10 mIU/L

v

TSH level >10 miU/L

\]

Age =65 years

\

Do not treat; monitor
for progression

Age <65 years

Does the patient have ischaemic heart disease,
dyslipidaemia or other cardiovascular risk factors?

y '

Treat

v

\/

Yes

\/

Consider treating

¥

No

\/

Do not treat

This flowchart does not apply to patients who are pregnant or planning to conceive, in which
case the serum TSH level must be kept below 2.5 mlIU/L. Patients with strongly positive
antithyroid antibody titres are more likely to progress to overt hypothyroidism, and it may be

reasonable to initiate treatment at an earlier stage.

When to consider referral of a patient
with subclinical thyroid disease

Subclinical hyperthyroidism

* Diagnostic uncertainty

* Newly diagnosed Graves’ disease

e Graves’ disease with complications
(e.g. thyroid eye disease)

Multinodular goitre with suspicious
nodule(s)

Patients who would like to pursue thyroid
surgery or radioiodine treatment,
including those with toxic nodular disease
Patients who are pregnant or planning
to conceive

Subclinical hypothyroidism

¢ Diagnostic uncertainty (e.g. discordant
thyroid function tests)

Patients who are pregnant or planning
to conceive

Patients whose thyroid function tests
have not normalised despite an
adequate thyroxine dose

Patients who are taking novel cancer
therapies such as immune checkpoint
inhibitors

most guidelines recommend treatment of
subclinical hyperthyroidism with the evidence
being strongest for those older than 65 years
and/ora TSHlevel below 0.1 mIU/L. The flow-
chart on page 29 is a suggested outline for the
management of persistent, asymptomatic
subclinical hyperthyroidism.

Subclinical hypothyroidism

As with subclinical hyperthyroidism, treat-
ment decisions for a patient with subclinical
hypothyroidism need to be individualised.
Thyroxine treatment is generally recom-
mended if the TSH level exceeds 10 mIU/L.
If the serum TSH level is elevated but below
10 mIU/L, the decision of whether or not to
treat must incorporate patient factors, includ-
ing age and whether or not there is underlying
heart failure, atherosclerotic cardiovascular
disease or other cardiac risk factors. The flow-
chart on this page is a suggested outline for
the management of persistent, asymptomatic
subclinical hypothyroidism in patients who
are not pregnant or planning to conceive (in
these cases the TSH level must be kept below
2.5 mIU/L). If thyroxine treatment is

commenced, care must be taken to avoid
over-treatment (i.e. TSH suppression), which
may resultin a deleterious risk-benefit profile
for the patient.

Role of the GP in decision-making
for subclinical thyroid disease

GPs play a central role in the diagnosis and
management of patients with subclinical thy-
roid disease. Treatment decisions should be
guided by evidence for the risks and benefits
of therapy, local access to treatments (e.g. radio-
iodine and surgery) and patient preference.
Situations in which a referral to an endocrinol-
ogist (or other specialist with thyroid expertise)
should be considered are outlined in the Box.
Irrespective of the initial approach taken, ongo-
ing monitoring in the general practice setting
is important to assess adequacy of treatment
or to detect progression of disease in those
patients who have not been treated.

Summary

Thyroid hormone has a number of important
effects on the heart. Correspondingly, thyroid
dysfunction canlead to various cardiovascular
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manifestations. Overt thyroid disease has the
most pronounced cardiac effects and treatment
is essential to prevent adverse cardiac out-
comes. Subclinical thyroid disease, and the
decision of whether or not to treat it for cardi-
ovascular benefit, poses the greater clinical
challenge. Subclinical hyperthyroidism is
associated with adverse cardiac effects, par-
ticularly for older patients and those with a
more suppressed TSH level. Subclinical hypo-
thyroidism perhaps poses a greater cardiac
risk to younger patients with underlying
coronary heart disease or other cardiovascular
risk factors. In all cases of subclinical thyroid
disease, treatment decisions need to be
individualised. The GP plays a central role in
diagnosing and managing subclinical thyroid
disease including identifying those patients
that require a specialist review. ET
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