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The role of thyroid hormones in acute coronary syndromes:
Prognostic value of alterations in thyroid hormones
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The prognosis of acute coronary syndromes (ACS) is affected by many factors. Normal thyroid
homeostasis is known to alter during various critical illnesses, a condition that has been shown
to correlate with the severity of the disease and increased mortality. The purpose of this article
is to review literature to emphasize the considerable association of thyroid function with the
cardiovascular system and summarize all existing evidence with regard to the role of thyroid
hormones alterations during ACS. The electronic databases of PubMed, Medline, Scopus, and
Cochrane were searched for relevant literature and studies. Alterations in thyroid hormone
plasma concentrations, especially low triiodothyronine (T3) levels, represent a hormonal imbal-
ance that is not uncommon among patients suffering an acute coronary event. Many studies
have identified this abnormal thyroid hormonal status to be related to worse prognosis.
Although further large-scale clinical trials are needed, the low T3 syndrome manifesting in

patients during ACS might be useful in prognostic stratification.
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1 | INTRODUCTION

Despite all advances in pharmacotherapy and myocardial reperfusion
strategies, short- and long-term mortality of patients suffering an
acute coronary syndrome (ACS) remains substantial.2? Although
patients presenting with ST-segment elevation myocardial infarction
(STEMI) or non-ST-segment elevation myocardial infarction
(NSTEMI) have the same risk factors and both types of ACS share a
similar long-term prognosis, STEMI patients have a worse short-term
prognosis than do NSTEMI patients.>? In addition to clinical markers
of risk, such as advanced age, diabetes mellitus (DM), renal insuffi-
ciency, faster heart rate, and hypotension, the initial Killip class clini-
cal presentation and electrocardiogram (ECG) findings are highly
predictive of early prognosis.*? Moreover, biomarkers such as high-
sensitivity troponin, natriuretic peptides, and C-reactive protein (CRP)
confer additive prognostic value.'?

It has been long recognized that alterations in plasma concen-
trations of thyroid hormones (THs) may occur during acute ill-

nesses.>> Abnormal thyroid function tests have been shown to be
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correlated with the severity of the disease and mortality in critically
ill patients.>* The term “low T3 syndrome” refers to alterations of
THs plasma concentrations, mainly decreased triiodothyronine
(T3) and/or free T3 (fT3), during a variety of acute and chronic ill-
nesses in patients with no known intrinsic thyroid disease.®>= It has
been found to constitute an independent predictor of early and late
mortality in such patients.*® Considering the significant effects of
THs on the cardiovascular system, accumulating evidence suggests a
potential prognostic role of THs alteration in patients suffering
an ACS.”®

The aim of the present article is to review literature in order to
illustrate the role of THs alterations during ACS and their potential
prognostic value. The electronic databases of PubMed, Medline, Sco-
pus, and Cochrane were comprehensively searched for relevant arti-
cles concerning THSs alterations during all types of ACS and clinical
studies addressing their correlation to prognosis. All relevant articles
published in English were included after thorough examination. Due
to heterogeneity of results, a nonsystematic approach was

attempted.
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2 | EFFECTS OF THYROID HORMONES ON
THE CARDIOVASCULAR SYSTEM

The synthesis of thyroxine (T4) and T3 in the thyroid gland is acti-
vated by thyroid-stimulating hormone (TSH).” Almost 85% of T4 is
primarily secreted by the thyroid gland and then converted in the
liver, kidneys, and skeletal muscles to T3 by the enzyme 5’-mono-
deiodinase.” Reverse T3 (rT3) is a biologically inactive alternate prod-
uct of T4 deiodination.? Only a small fraction of the THs is unbound
and biologically active, because most of the circulating THs are bound
to transport proteins.9

The precise cellular and molecular mechanisms of the THs in car-
diac cells have been investigated and well characterized.’® The thy-
roid hormone nuclear receptors (TRs) bind to thyroid hormone
response elements (TREs) as homodimers or, more commonly, as het-
erodimers, and mediate the induction of transcription in the promoter
regions of positively regulated genes.'© Triiodothyronine is the only
TH transported into the myocyte.'© In the absence of T3, TRs lead to
induction of negatively regulated genes, such as B-myosin heavy
chain and phospholamban.®1° On the other hand, in the presence of
T3, multiple key structural cardiac genes, such as a-myosin heavy chain,
sarcoplasmatic reticulum Ca?*-adenosine triphosphatase (SERCA 2),
and Na*/K*-adenosine triphosphatase, are positively regulated.’® The
cycling process of intracellular calcium, which is regulated by genes
expressed after the T3 and TRs binding, is responsible for the enhanced
myocardial contractile function (inotropic effect) and diastolic relaxa-

tion (lusitropic activity).°

On a vascular level, T3 participates in the
maintenance and renewal of endothelial integrity, as well as on periph-
eral arterial resistance, as it can modulate the vascular response to the
activation of the renin-angiotensin-aldosterone system.!?

Furthermore, the extranuclear, nongenomic effects of THs on
cardiac myocytes and on the systemic vasculature are important
TRE-independent processes.'? Thyroid hormones, and especially T3,
can modify ion channels for sodium, potassium, and calcium, and
affect a variety of intracellular pathways in cardiac and vascular
smooth-muscle cells.®> As a result, they can cause an immediate
increase in resting heart rate, left ventricular contractility, and in
venous tone, augmenting cardiac preload. In addition, THs cause a
decrease in systematic vascular resistance by rapid relaxation of vas-
cular smooth muscle cells, resulting in increased cardiac output
(Table 1).21° All these effects can occur rapidly, within seconds to
minutes, in contrast to the T3 effects mediated by nuclear pathways,

which take at least 30 minutes to 2 hours to demonstrate.??14

TABLE 1 Main effects of THs on hemodynamics

Parameter Effect of THs
SVR

DBP

Afterload

Cardiac inotropy-chronotropy
Basal CO

Blood volume preload

— = = — — —

Abbreviations: CO, cardiac output; DBP, diastolic blood pressure; HR,
heart rate; SVR, systematic vascular resistance; THs, thyroid hormones.
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The close link between thyroid hormonal status and cardiovascu-
lar diseases is evident by the significant effects of thyroid dysfunc-
tion, both subclinical and overt, on the cardiovascular system.
Hypothyroidism is correlated with diastolic hypertension, dyslipide-
mia, atherosclerotic plague progression and instability, and endothe-
lial dysfunction.®1° On the other hand, hyperthyroidism is associated
with increased systolic blood pressure, pulmonary hypertension, and
atrioventricular valve regurgitation, especially of the tricuspid valve.”
In rare cases, patients with overt hyperthyroidism and thyrotoxicosis
can present with chest pain and ECG abnormalities, due to increases
in oxygen demands in response to augmented cardiac contractility
and workload or due to coronary vasospasm.” Moreover, patients
with hyperthyroidism can present with signs and symptoms of heart
cardiac

characterized by enhanced

9,15

failure, output and
contractility.

Heart rhythm and rate may be significantly affected by even
mildly altered thyroid status. The arrhythmogenic effects of THs
include altered electrophysiological characteristics of atrial myocytes,
enhanced automaticity, triggered activity in pulmonary vein cardio-
myocytes, and shortened action potential duration.® Arrhythmias
such as sinus tachycardia, atrial flutter, and atrial fibrillation, and to
a lesser extent ventricular arrhythmias, are commonly found in
patients with overt or mild/subclinical hyperthyroidism.'® On the
other hand, hypothyroidism is correlated with sinus bradyarrhyth-

16 Moreover, various clinical

mias and various ECG abnormalities.
and experimental studies have suggested potential anti- and proar-
rhythmic effects of the THs and a direct effect on electrogenesis in

myocardial cells.*>”

3 | ABNORMAL THYROID HORMONAL
STATUS DURING CRITICAL ILLNESSES

Alterations in TH plasma concentrations during a variety of acute and
chronic illnesses in patients with no known intrinsic thyroid disease
are described by various terms in literature, such as “euthyroid sick
syndrome,” “nonthyroidal illness syndrome,” and “low T3 syn-
drome.”®>* The most frequently observed hormonal profile is charac-
terized by low T3 and/or fT3, elevated rT3 and normal T4 and TSH
(Table 2).3*5 The principal pathophysiological mechanism is sup-
posed to be the reduced activity of the enzyme 5’-monodeiodinase,
which converts T4 to T3.3°>

The euthyroid sick syndrome seems to be a timing-related organ-
specific response to inflammation during various critical illnesses and
constitute an adaptive, compensatory, and beneficial response,
decreasing energy consumption.>* However, it has been linked to
worse prognosis and increased mortality in patients with septic shock
or acute stroke.®® Acute cardiac diseases also have been associated
with low serum T3 levels.'?2 It has been reported that THs altera-
tions constitute a powerful independent marker of the severity of ill-
ness and mortality in patients after resuscitated cardiac arrest.'’
Furthermore, lervasi et al reported that lower serum fT3 levels are a
strong predictor of mortality in all cardiac patients, with both acute
and chronic diseases, as stable coronary artery disease or congestive

heart failure.*®
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TABLE2 Summary of alterations in plasma concentrations of THs during critical illnesses

Condition THs Alterations

Main Mechanisms

Acute illness

Severe chronic illness 1rT3, | T3, [fT3, normal fT4, | T4, |/normal TSH

1rT3, | T3, [fT3, normal T4, normal fT4, normal TSH

Inhibition of 5/-MDI, which deiodinates T4 to T3 and rT3 to T2
1. Inhibition of 5-MDI
2. Low binding of THs to serum proteins (especially low TBG binding)

3. Reduction of TRH release by the hypothalamus, causing a decrease
in TSH secretion

Abbreviations: 5'-MDI, type | iodothyronine 5-monodeiodinase; fT3, free triiodothyronine; fT4, free thyroxine; rT3, reverse triiodothyronine; T2, diio-
dothyronine; T3, triiodothyronine; T4, thyroxine; TBG, thyroxine-binding globulin; THs, thyroid hormones; TRH, thyrotropin-releasing hormone; TSH,

thyroid-stimulating hormone.

4 | THYROID HORMONAL ALTERATIONS
DURING ACS

Acute coronary syndromes are high-risk manifestations of coronary
atherosclerosis and acute myocardial ischemia. Disruption of a coro-
nary atherosclerotic plaque with subsequent thrombus formation is
the main pathophysiology of such an event, which triggers an imme-
diate inflammatory cascade.?! Inflammation seems to play a key role
in plaque disruption, which stimulates thrombosis, coagulation, activa-
tion of the sympathetic system, and release of stress hormones.?*

Normal thyroid homeostasis seems to alter in a subgroup of
patients with ACS. Several studies have observed a fall in total T3
and/or fT3 concentration and rise in rT3 concentration after an acute
coronary event.?23! The exact prevalence of the low T3 syndrome
among patients suffering an ACS seems not to be clearly defined yet.
A wide range from 5% to 35% has been reported in literature, and
this could be attributed to differences in study populations between
the conducted studies.”®??73% However, the syndrome seems to
occur more frequently in STEMI compared with NSTEMI patients,
possibly because of their poorer early prognosis and the pathophysio-
logic features of the occlusive thrombus resulting in more myocar-
dium at stake 22724

Furthermore, the exact time of occurrence of THs alterations
after an ACS is not clearly determined. Franklyn et al observed that
total T3 reached their minimum levels at day 4 and rT3 maximum
levels at day 2, in patients with uncomplicated acute myocardial
infarction (AMI).22 On the other hand, Friberg et al noticed, in a sam-
ple of 47 patients with AMI, that both the nadir of total T3 and the
peak of rT3 were observed 24 to 36 hours after symptoms’ onset.”
Pimentel et al found the highest rT3 levels at 4 days after admission.
However, rT3 was measured only at days 1, 4, and 7.8 Concerning
the other THs, Pavlou et al noticed that mean fT3, T4, fT4, and TSH
levels remain unchanged in all patients with an ACS during the first
5 days after admission, whereas minimum T3 and maximum rT3
levels occurred on days 3 and 4.2% Although there seem to be signifi-
cant differences in the reported data with regard to the precise onset
of TH alterations, it is clear that changes in T3 and rT3 occur during
the first 5 days of ACS.

The acute effects of cytokines seem to play a key role in the
pathogenesis of the low T3 syndrome. It has been reported that
administration of interferon-a in healthy volunteers can cause distur-
bances in TH metabolism, mimicking the syndrome.®* During critical
iliness, various pro-inflammatory cytokines such as interleukin 6 (IL-

6), tumor necrosis factor-a, and interferon-y can directly affect the

pituitary gland and impair TSH release.®> Concerning patients with
ACS, THs alterations are supposed to develop through the inflamma-
tory response activation. Increases in IL-6, a pleiotropic, pro-
inflammatory cytokine; soluble IL-6 receptor (sIL-6R); and CRP levels
may exert an inhibitory effect on thyroid axis function.”*>27:35-37
Occurrence of decreased THs levels during an ACS has been
associated in various clinical studies with specific clinical and bio-
chemical parameters. Worsening angina pectoris preceding the AMI,
known chronic heart failure, or previous Ml and DM have been linked
to lower T3 levels during the acute coronary event.”?*?’ In general,
although available evidence is not strong, factors that seem to be
associated with the development of the low T3 syndrome among
patients with ACS include older age, lower body mass index, DM, and

high plasma levels of N-terminal pro-brain natriuretic peptide and
CRP8152627.2931

5 | PROGNOSTIC VALUE OF THYROID
HORMONES IN ACS

Several clinical studies have investigated the possible prognostic
value of THs alterations in patients suffering an ACS (Table 3). Fri-
berg et al found a correlation of increased rT3 levels in patients with
MI with higher 1-year mortality, independently of other risk factors.??
In line with these results are the conclusions of another small-sized
study by Pimentel et al, who found an association of abnormal THs
alterations with worse prognosis.8 Two further larger studies invol-
ving consecutive STEMI patients undergoing primary percutaneous
coronary intervention also have related the low T3 syndrome to
increased short- and long-term mortality.3>3? Moreover, a recent
study with patients attending a cardiac rehabilitation program after
an ACS also has reported an association of lower fT3 levels with all-
cause mortality.3®

Alterations in THs are more evident in critically ill patients. Not
surprisingly, a study comparing the thyroid function of patients with
resuscitated cardiac arrest due to ACS and patients with uncompli-
cated AMI showed that the latter group was characterized by a
milder form of the low T3 syndrome.®® In another study, THs altera-
tions were more evident in the STEMI group compared with the
NSTEMI group, although this difference was not statistically signifi-
cant® Furthermore, Paviou et al found that THs alterations can
manifest in patients with unstable angina and also be linked to
adverse prognosis.2® Nevertheless, in the same study, lower T3 and

higher rT3 levels were significantly more pronounced in patients
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TABLE 3 Clinical studies investigating the correlation of THs alterations during ACS with prognosis

Sample Time of THs

WILEY [

Study Year Design Condition Size Measurements Follow-up Results/Conclusions

Friberg et al®> 2001 Prospective  AMI 331 At admission 1 year High rT3 levels are associated with an
increased risk of 1-year mortality.

Pavlou et al®®> 2002 Prospective  ACS 114 During the first 5 days 1 month ESS can manifest both in AMI and UA;

after admission and the rT3 increase and T3 decrease

at 1 month were significantly greater in
complicated Mls compared with
uncomplicated Mls and UA; low T3
levels may have prognostic value.

Friberg etal” 2002 Prospective  AMI 47 During the first 5 days 1 year THs alterations are associated with

after admission increased mortality.

lervasi et al'®> 2003 Prospective  Various heart 573 From 2 to 5 days after 1 year Low T3 levels are strongly related with

diseases admission increased mortality.

Iltumur et al®®> 2005 Prospective  Cardiac arrest 121 At 72 hours and 2 months THs are significantly altered in cardiac

due to ACS 2 months arrest induced by ACS; T3 and fT3
levels were lower in nonsurvivors
compared with survivors up to
2 months.
Pimentel et al® 2006 Prospective  STEMI and 70 Days 1, 4, and 7 after 7 days Greater THs alterations were found in
NSTEMI/UA admission STEMI compared with NSTEMI/UA
patients; ESS is associated with
poorer prognosis in patients with
ACS.
Adawiyah 2010 Prospective  STEMI and 85 Days 1, 5, and 42 6 months ESS can manifest in patients with
et al®® NSTEMI/UA STEMI, NSTEMI, and UA and is
related with mortality.
Lymvaios 2011 Prospective AMI 47 At 24 hours, 48 hours, 6 months Lower T3 levels are associated with
et al® 5 days, and poor early and late myocardial
6 months functional recovery.

Zhang et al® 2012 Retrospective AMI 501 After admission 10 + 2 months Decreased fT3 levels are correlated
with worse short- and long-term
prognosis.

Lazzeri et al®* 2012 Prospective  STEMI treated 641 After admission Up to 44.9 months ESS represents part of the response to

with PCI acute stress; decreased fT3 levels are
associated with lower survival rates
in STEMI patients age <75 years.

Ozcanetal®® 2014 Prospective  STEMI treated 457 Within 12 hours after 14.4 + 5.4 months ESS is related to higher in-hospital and

with PCI admission long-term mortality.

Kim et al®? 2014 Retrospective STEMI treated 40 At admission 1-2 months Lower T3 levels are associated with

with PCI larger myocardial area at risk and
increased salvage index in STEMI
patients.

Abdulaziz Qari 2015 Prospective ~ STEMI and 400 Days 1 to 4 NR Lower fT3 levels are associated with

F2 NSTEMI/UA increased mortality.
Yazici et al*® 2016 Prospective NSTEMI/UA 274 Before angiography 1 month and Low T3 and fT3 levels are related to
1 year increased early and late mortality.
Brozaitiene 2016 Prospective Rehabilitation 642 At day 2 after Maximum of Low fT3 levels during the
et al®® program admission to the 118 months rehabilitation after ACS are
2 weeks rehabilitation clinic associated with mortality.
post-ACS

Abbreviations: ACS: acute coronary syndrome; AMI, acute myocardial infarction; ESS, euthyroid sick syndrome; fT3, free triiodothyronine; LVEF, left ven-
tricular ejection fraction; MI, myocardial infarction; NR, not reported; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coro-
nary intervention; rT3, reverse triiodothyronine; STEMI, ST-segment elevation myocardial infarction; T3, triiodothyronine; THs, thyroid hormones; UA,

unstable angina.

with complicated compared vs uncomplicated infarctions or unstable
angina.?®

In summary, existing evidence supports the assumption of a
prognostic role for the low T3 syndrome in patients with ACS. How-
ever, data are available from clinical studies (Table 3) that are in gen-
eral not large-scale, high-quality trials, and which are characterized by
significant limitations, relatively small sample sizes, and varying use of
strict diagnostic criteria for the low T3 syndrome. More important,

the possible change of thyroid function tests during follow-up has

not been additionally considered in the analyses used. Thus, further
investigation is required for the clarification of cause-effect relation-
ships, as the low T3 state during ACS may not be a direct causal fac-
tor for adverse prognosis.

Experimental data suggest a critical role for THs in the response
of myocardium to ischemic stress.®**° Few clinical studies involving
patients with AMI have addressed the possible correlation of THs
with the extent of myocardial injury. Lower fT3 levels have been
levels of cardiac biomarkers

associated with increased serum
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(troponin T and N-terminal pro-brain natriuretic peptide) as indicators
of myocardial injury, as well as with lower left ventricular ejection
fraction.?”-?® Lymvaios et al also reported a strong association of low
T3 with impaired ventricular function among AMI patients, conclud-
ing that T3 levels may represent a predictor of ventricular functional
recovery.? Interestingly, the findings of another study exhibited that
the extent of transmural involvement in patients with STEMI,
assessed by cardiac magnetic resonance imaging 40 days after the
event, is strongly associated with T3 levels.®? In this retrospective
and small-sized study, the group with high/normal T3 levels had a sig-
nificantly greater extent of transmural involvement than the low-T3
group, which presented a significantly larger myocardial area at risk,
thus a greater extent of ischemia and an increased myocardial salvage
index.®2 The authors concluded that the transient low T3 state during
AMI is associated with lower transmurality, suggesting a protective
role of the low T3 syndrome. Putting it all together, the existing data
indicate that the link of the low T3 syndrome to worse prognosis and
mortality among patients suffering an AMI is not necessarily reflected
in the possible correlation of the syndrome with the extent of myo-
cardial necrosis. Large initial myocardial ischemia can result in worse
short-term prognosis, whereas large transmurality can result in worse
long-term prognosis.

Different interpretations of the low T3 syndrome in literature
reflect our limited understanding of the pathophysiology of the syn-
drome. Although low TH plasma concentrations have been linked to
adverse prognosis, it has been proposed that this transient low T3
status during an AMI may be actually cardioprotective, by reducing
energy expenditure, heart rate, and oxygen consumption during the
ischemic stress.32 Moreover, it has been also suggested that down-
regulation of the thyroid hormone system in patients suffering from
myocardial ischemia, even prior to AMI manifestation, might be bene-
ficial, in an attempt to reduce myocardial oxygen demands.” How-
ever, a persisting down-regulated thyroid system after AMI might
become maladaptive, because of the loss of the positive effects of T3
on the cardiovascular system.” Consequently, the low T3 syndrome
might represent a hormonal homeostatic escape response, meaning a
beneficial and physiologically adaptive mechanism during the early
stress phase of an acute ischemic event, by minimizing myocardial
metabolic demands and protecting against arrhythmias; and it may
become maladaptive in later stages, with detrimental long-term
effects, predisposing to development of heart failure.>1°

In summary, although TH plasma alterations have been studied
more extensively in STEMI patients, they can occur in all aspects of
ACS. It is important, though, to emphasize that the low T3 syndrome
is evident in a small group of ACS patients that seem to have the
worse outcome. In the absence of robust data derived by large-scale
clinical studies, it remains unclear whether the low T3 syndrome is
directly linked to worse prognosis or it constitutes a marker of the
severity of illness, which is the underlying factor for increased mortal-
ity. However, the syndrome should not be underestimated, as distur-
bances of T3, fT3, and rT3 levels seem to carry an additive
prognostic value in ACS, independently of traditional risk factors. In
this setting, although the exact timing of THs alterations seems not
to be clearly defined yet, routine determination of plasma levels of

THs among patients suffering an ACS might reveal an otherwise

silent prognostic marker. Nevertheless, further high-quality studies
need to confirm this and additional research is needed to clarify when
and how this potentially powerful prognostic marker could be opera-
tionalized in the clinical setting.

6 | TREATMENT OF THE LOW T3
SYNDROME

Available data from experimental studies suggest that TH replace-
ment therapy aiming to reverse the abnormal thyroid state occurring
during AMI may improve hemodynamics, ventricular function, and
cardiac remodeling.36 Clinical experience regarding TH supplementa-
tion during critical illness is available only from studies with patients
undergoing coronary artery bypass surgery or chronic heart failure,
with some promising evidence.®¢ Unfortunately, data supporting TH
administration in patients suffering an ACS and manifesting the low
T3 syndrome are not available yet. Moreover, the type of the syn-
thetic hormone (T4 or T3) and dosage and timing of administration
are unknown. However, ongoing randomized clinical trials may offer
insights into whether patients with AMI benefit from TH therapy, in
addition to the treatment of the primary coronary event, in the short

term and during the chronic phase after the ACS.3¢4°

7 | CONCLUSION

All available data indicate that alterations in thyroid function tests are
not uncommon in patients with ACS, especially in STEMI patients.
The low T3 syndrome represents a hormonal imbalance that may sig-
nificantly influence pathophysiological mechanisms and cardiovascu-
lar hemodynamics. This altered thyroid state, and, more specifically,
the fall of T3 and/or fT3 and the rise of rT3, seems to be related with
overall worse prognosis, and it could be useful in the prognostic strat-
ification of patients suffering an ACS. Future clinical and experimental
studies need to investigate the low T3 syndrome more deeply during
an acute coronary event to completely understand its pathophysiol-
ogy and recognize whether it has a potential prognostic role for a
subgroup of ACS patients or it manifests as an “epiphenomenon” due

to critical illness.
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