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Thyroid disease and vascular risk

Subclinical hypothyroidism (SCH) is a common condition seen 
in up to 10% of adults, mainly women and the elderly. Several 
prospective longitudinal cohort studies have shown a higher 
risk of cardiovascular disease in people with SCH but mainly in 
younger individuals. There are also a number of interventional 
trials that have shown that treatment of SCH with levo-
thyroxine improves cardiovascular risk factors, but there is a 
dearth of level 1 evidence regarding cardiovascular events. In 
addition, there is increasing proof concerning the association of 
abnormal thyroid function at the time of an acute myocardial 
infarction with adverse cardiovascular outcomes. This review 
describes the literature dealing with thyroid function in relation 
to cardiovascular disease and also outlines the effect of 
treatment in addressing cardiovascular risk.
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Introduction

Subclinical hypothyroidism (SCH) is diagnosed when serum 
thyroid stimulating hormone (TSH) levels are elevated but 
serum thyroid hormone concentrations are normal. The 
prevalence of SCH is higher than that of type 2 diabetes 
mellitus (5–10%) and is more common in women and the 
elderly.1 However, despite its high prevalence, the clinical 
implications of SCH are much debated. Therefore there is a 
difference of opinion among clinicians regarding population 
screening and treatment. SCH has been associated with 
increased cardiovascular morbidity and mortality, especially in 
younger individuals and much recent research has focused on 
the implications SCH has on cardiovascular disease. Although 
SCH is associated with minor dyslipidaemia, this is not 
suffi cient to account for the increased vascular risk seen. Other 
underlying mechanisms such as increased systemic vascular 
resistance, central arterial stiffness, vascular endothelial 
dysfunction, haemostatic and platelet dysfunction have all 
been demonstrated in SCH.2 The purpose of this review is 
to outline the different mechanisms by which SCH may lead 

to cardiovascular disease and to provide an overview of the 
evidence we have so far. We will also review the benefi ts of 
treating SCH based on current literature.

Mechanisms underlying the increased cardiovascular 
risk in SCH

Thyroid hormones have a direct impact on cardiovascular 
haemodynamics. The most common effects of an underactive 
thyroid state include diastolic dysfunction, a decrease in cardiac 
preload, systolic dysfunction and an increased systemic vascular 
resistance (SVR) which increases afterload. To understand this, 
we fi rst have to understand the intranuclear activity of thyroid 
hormones on the myocyte. Such activity includes the activation 
of triiodothyronine (T3) genes within the nucleus which encode 
for both functional and regulatory proteins. Examples of such 
proteins include the two myosin heavy chains (alpha and beta), 
phospholamban, sarcoplasmic reticulum proteins and calcium-
activated ATPase (Ca2+-ATPase). The two myosin heavy chains 
form an important component of the cardiac myocyte contractile 
apparatus whereas both phospholambin and Ca2+-ATPase 
regulate release and reuptake of calcium from the sarcoplasmic 
reticulum.3 It is this regulation of calcium that is a key regulatory 
component in systolic function and diastolic relaxation, which 
both become impaired by an underactive thyroid state. 

In addition, thyroid hormones are involved in lipid 
metabolism. The association between hypothyroidism and 
hypercholesterolemia and elevated low-density lipoproteins 
(LDLs) has been known for many years, with some estimates 
showing a link present in up to 90% of cases.4 Furthermore, 
elevated levels of lipids are also evident in patients with SCH, 
suggesting an increased risk for atherosclerosis; however, the 
evidence remains controversial based on different population-
based studies.2 In some studies, such as the Whickham 
Survey and National Health and Nutritional Examination 
Survey (NHANES) III, there was no link between SCH and 
hyperlipidaemia, whereas other studies showed a link as well 
as a relative increase in serum lipids with an increase in serum 
TSH in SCH.2,5 Hyperlipidaemia in an underactive thyroid 
state is due to a decrease in LDL receptors, which reduces the 
clearance of cholesterol from the liver, and decreased activity 
of the enzyme cholesterol 7α-hydroxylase, which is usually 
activated by thyroid hormones in breaking down cholesterol.4 

It is already known that overt hypothyroidism can cause left 
ventricular diastolic dysfunction by reducing the activity of 
Ca2+-ATPase within the sarcoplasmic reticulum, which leads 
to reduced reuptake of calcium during diastole; this in turn 
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leads to impaired ventricular relaxation3 which impairs left 
ventricular fi lling during diastole (preload). Similar fi ndings also 
occur in SCH patients, with fi ndings showing a more prolonged 
isovolumetric relaxation time and impaired peak fi lling rate, 
which are key components to diastolic function. Diastolic heart 
failure has implications in SCH patients due to diastolic heart 
failure being common in the elderly and the fact that it likely 
reduces exercise tolerance in younger patients.6 The main cause 
of systolic impairment in subclinical hypothyroidism is likely 
to be reduced inotropic effects on the heart as well as increased 
SVR, which increases the afterload. The increase in SVR can be 
explained by reduced tissue metabolism and thermogenesis, as 
well as impaired smooth muscle relaxation, which is again linked 
to impaired calcium reuptake.7 Cardiac magnetic resonance 
imaging (MRI) has already demonstrated how SCH causes 
diastolic dysfunction, reduces cardiac preload and afterload with 
such fi ndings normalising after levothyroxine treatment.8 

SCH can also cause cardiovascular disease via systemic 
hypertension and impaired vascular function. The causes of 
systemic hypertension in SCH are an increase in SVR and 
endothelial dysfunction, as well as increased arterial stiffness. 
Increased arterial stiffness is also a precursor to atherosclerosis. 
Pulse wave velocity, a measure of arterial stiffness, has been 
shown to be increased in SCH, whereas advanced imaging of 
the brachial artery, which is a measure of endothelial function, 
has shown that vasodilation of the endothelium is impaired in 
SCH patients, with such changes improving after levothyroxine 
treatment.9 Randomised controlled studies have shown that 
levothyroxine signifi cantly lowers LDL cholesterol levels and 
improves endothelial function in comparison to placebo in 
patients with SCH.10 Numerous factors are likely to contribute 
to endothelial dysfunction in SCH. Hyperlipidaemia is likely 
to be one cause due to its role in atherosclerosis. Thyroid 
autoantibodies in SCH also play a key role in endothelial 
dysfunction, with evidence showing that patients with SCH and 
thyroid antibodies have increased endothelial dysfunction than 
those who have SCH alone.11,12 The fact that vascular adhesive 
molecules such as E-selectin and P-selectin are increased in 
Hashimoto’s thyroiditis indicates that thyroid antibodies have 
a key role in infl ammation.13 Both hyperlipaemia and thyroid 
antibodies are thought to reduce the expression of endothelial 
nitric oxide synthase and therefore impair the ability of the 
artery to vasodilate.11,12 

Alterations in coagulation parameters in SCH might play 
a role in the potential development of atherosclerosis. In one 
study comparing women with SCH with euthyroid controls, 
factor VII activity and the factor VII activity:factor VII 
antigen ratio were signifi cantly increased in women with SCH, 
whereas there were no differences in von Willebrand factor or 
other haemostatic factors tested.14 In another study, decreased 
antithrombin III activity and increased levels of fi brinogen, 
factor VII and plasminogen activator inhibitor antigen were 
found in SCH patients.15 A recent study using the Badimon 
chamber, a model which simulates ex vivo coronary artery 
blood fl ow through a diseased artery, has shown that thrombus 
area in patients with SCH 7–10 days post non-ST elevation 
myocardial infarction is larger than in euthyroid patients, 
despite the use of aspirin and clopidogrel.16 This may help 
explain the higher cardiovascular risk seen in patients with 
SCH, as such a state is likely to be thrombogenic. 

Clinical outcomes of SCH in cardiovascular disease

A number of observational studies have shown that individuals 
with abnormal thyroid function have adverse outcomes including 
higher mortality. Even minor changes in thyroid hormone 
concentration may impact adversely on the cardiovascular 
system. Mild hypothyroidism (SCH) has been associated with 
a 20–80% increased vascular morbidity and mortality risk, 
with a study by Parle et al showing how a single measurement 
of low TSH in individuals aged above 60 years was associated 
with increased mortality from cardiovascular diseases, whereas 
another study has shown that SCH is a strong independent 
risk factor for coronary heart disease.17,18 The Rotterdam Study 
showed that middle-aged women with SCH were more likely 
to have a myocardial infarction and calcifi cation of the aorta.19 
These fi ndings are supported by a meta-analysis which shows that 
subclinical hypothyroidism is associated with an increased risk of 
coronary heart disease.20 Not all prospective cohort studies have 
shown a link between SCH and cardiovascular disease.21 Recently, 
a patient-level meta-analysis of 55,287 participants from 11 
prospective cohort studies showed that SCH was associated with 
coronary heart disease and mortality in those with higher TSH 
levels and that only a mild increase in TSH was not associated 
with CHD.22 However, most cohort studies and meta-analyses 
have not taken into account subsequent treatment with thyroid 
hormones, therefore their results may have missed an important 
confounder.

Thyroid function in acute myocardial infarction

Although prospective observational cohort studies largely show 
that SCH has a worse cardiovascular outcome, SCH in acute 
myocardial infarction (AMI) is also likely to be detrimental to 
cardiovascular health. SCH after admission for an acute cardiac 
problem has been associated with an up to 3.6 fold increase in 
cardiac mortality and a 2.3 fold increase in overall death.23 

It is likely that SCH around the time of AMI is maladaptive 
rather than adaptive and that such a state is not a consequence 
of stress, but rather a permissive state that favours cardiac 
failure. AMI leads to lower serum thyroid hormones as well 
as downregulation of thyroid hormone receptors in the 
myocardium, leading to tissue hypothyroidism. A prospective 
study by Friberg et al showed that thyroid hormone levels 
rapidly decline within a week after AMI.24 Furthermore, 
another study by Friberg et al has shown that in-hospital and 
post discharge mortality is higher in patients with the most 
suppressed thyroid hormone levels post AMI, indicating that a 
suppressed thyroid state is associated with a worse prognosis.25 
In comparison to other organs, the heart is more vulnerable to a 
hypothyroid state due to cardiac myocytes having no capability 
in converting the precursor T4 to T3 which can occur in other 
organs.7 This can explain why a SCH state may make the 
myocardium relatively hypothyroid despite having no effect on 
a patient’s overall thyroid state. 

Thyroid hormones have a direct role in post ischaemic 
cardiac remodelling by effects on angiogenesis, cell repair and 
metabolism. Furthermore, thyroid hormones can have an effect 
on cardiac remodelling by inhibiting cardiac myocyte death 
pathways, preventing hypertrophy, improving myocardial 
perfusion and reducing fi brous tissue from forming. Myocyte 
apoptosis plays a key part in myocyte death after AMI. The 
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randomised controlled trials are needed to evaluate the benefi ts 
of treatment of SCH in reducing cardiovascular risk. In the 
meantime, it may be benefi cial to treat SCH patients who are at 
high risk of cardiovascular disease or those that may have 
evidence of cardiac impairment. Current data suggests that 
treatment of SCH is likely to be more benefi cial in younger 
patients than the elderly; however, once again more studies 
are needed to ascertain the risks or benefi ts of levothyroxine 
treatment in the elderly with SCH. Further studies are needed 
to assess the outcomes of patients with SCH post myocardial 
infarction. ■
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