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Abstract: �Background:�Recent�clinical�studies�have�found�that�cardiovascular�incidents�are�sufficient�triggers�to�affect�HPA�hypothalamic-pituitary-
thyroid�axis�and�cause�a�decrease�in�the�serum�levels�of�triiodothyronine�(T3).�This�phenomenon�is�so�called�‘Low�–�triiodothyronine�
(T3)�syndrome’�and�is�related�to�changes�in�heart�remodeling.�However,�the�pathophysiology�of�Low–T3�syndrome�remains�unclear.�
The�present�systemic�literature�review�was�designed�to�organize�the�latest�scientific�papers�and�is�seeking�to�draw�evidence-based�
conclusions� regarding�clinical� aspects�of� the� topic.�Methods:� �Accessible�scientific�databases�were�analyzed�using�key�words� to�
obtain�scientific�papers�regarding�the�field�of�interest.�Research�findings�were�assessed�and�compared�between�studies�in�order�to�
find�out�clinical�impact�of�thyroid�hormone�and�heart�function�following�acute�myocardial�injury.�Results:�Different�studies�indicate�that�
the�presence�of�Low-T3�syndrome�after�myocardial�infarction�is�a�strong�predicting�factor�of�patient�morbidity�and�mortality.�Some�
researchers�believe�that�the�decrease�in�T3�concentrations�might�be�a�compensatory�reaction�of�the�body�in�order�to�suppress�cellular�
metabolism�during�tissue�damage.�On�the�other�hand,�a�limited�number�of�recent�experimental�and�clinical�investigations�have�shown�
positive�response�to�treatment�with�thyroid�hormone.�Conclusion:�Deeper�analysis�is�needed�to�understand�the�pathophysiology�of�
Low-T3�syndrome�and�possibilities�of�its�use�for�treatment.
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1. Introduction
Acute myocardial infarction (AMI) results in cardiac dys-
function due to myocardial loss and series of changes 
in the non-ischemic myocardium, which include altera-
tion in the chamber size and shape as well as interstitial 
structure. This process is known as cardiac remodeling 
and involves several cellular and molecular mecha-
nisms, including other factors still under investigation, 
which begins only a few hours after AMI and persists 
for weeks or months following an initial incident [1,2]. 
The early stage of ventricular remodeling is defined as 
acute dilatation and thinning of the infarction area. In-
farct expansion may lead to development of aneurysm 
and rupture of the myocardium [3,4]. The late stage of 
ventricular remodeling involves progressive ventricular 
chamber dilation and eccentric hypertrophy of non-in-
farcted area, as a compensatory response. Long-term 

dilation increases diastolic and systolic wall stress and 
stimulates further ventricular enlargement [5]. Left ven-
tricle (LV) remodeling may occur in about 49% of ST-
elevation acute myocardial infarction (STEMI) patients 
treated with primary percutaneous coronary intervention 
(P-PCI) [6]. The changes taking place during remodel-
ing comprise heart becoming less elliptical and more 
spherical [7]. Changes in ventricular mass, composition 
and volume are also present [8]. LV volume is a power-
ful functional predictor of survival in patients with coro-
nary heart disease (CHD) [9].
 LV remodeling is associated with unfavorable he-
modynamic performance and adverse outcomes at 
long–term follow-up, including symptomatic heart fail-
ure, death due to pump failure, and sudden cardiac 
death [10]. 
 The thyroid and cardiovascular system are closely 
related. Experimental and clinical analyses have shown, 
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that thyroid hormone (TH) has a fundamental role in car-
diovascular homeostasis, influencing cardiac contractil-
ity, heart rate, diastolic function and systemic vascular 
resistance [11]. Abnormal metabolism of TH may lead 
to various heart diseases, like accelerated coronary ath-
erosclerosis [12]. Coceani et al. have demonstrated that 
free triiodothyronine (T3) levels are inversely correlated 
with the presence of coronary artery disease (CAD), 
whereas Low – triiodothyronine (T3) syndrome causes 
an adverse prognosis for CAD [13]. Few studies have 
shown possible beneficial effects of thyroid hormone re-
placement in patients with ischemic heart disease [14].

 

2. Thyroid hormone and its mecha-
nisms of action
Secretion of thyroid hormone is controlled by pituitary 
gland and its secretion of thyroid-stimulating-hormone 
(TSH), which is stimulated by hypothalamic thyrotropin-
releasing hormone (TRH) [15]. Thyroid gland secretes 
several hormones, including thyroxine (T4), triiodothyro-
nine (T3), and reverse triiodothyronine (rT3).  The main 
product of thyroid gland is T4, which is converted into 
T3 that can bind to TH receptors and further modulates 
hormone dependent cellular actions [14]. Conversion of 
T4 toT3 is catalyzed by selenoenzymes called iodothyro-
nine deiodinases, which exist in several forms. Type I de-
iodinase (D1) is located in the liver and kidneys and is re-
sponsible for production of as much as 80% of T3. Type 
II deiodinase (D2) is located in the brain and muscles 
including the heart muscle in humans, and contributes 
to the total tissue T3 concentration. Type III deiodinase 
(D3) converts T4 into inactive rT3 and degrades T3. T3 is 
able to pass through the cell membranes and is respon-
sible for genomic and non-genomic effects of TH [16]. 
 A typical pattern of altered TH metabolism is char-
acterized by the low circulating levels of T3 and has 
already been described in patients with AMI [17]. This 
phenomenon is known as Low triiodothyronine (T3) 
syndrome and involves decreased serum levels of T3, 
increased levels of rT3 but unchanged TSH or T4 lev-
els [14]. Although the mechanisms underlying low se-
rum T3 are not yet understood, some investigators have 
elucidated that low hepatic D1 activity could result from 
an increased serum interleukins level (particularly inter-
leukin-6), which occurs after the AMI [14,15]. 
 It is revealed that following pathological ventricular 
remodeling, many cardiac genes that are involved in 
contractile dysfunction are transcriptionally regulated 
by the TH and TH receptors (TRs). Cell culture studies 
have identified a number of factors, which can stimulate 

D3 activity through the transcriptional activation of DIO3 
gene, directly or in combination with other factors [18]. 
These factors include: - transforming growth factor 
(TGFβ), mitogen-activated protein kinase (MAPK) sys-
tem, p38 MAPK, as well as the extracellular responsive 
kinase (ERK) and hypoxia-inducible factor 1 (HIF-1). 
The present contributors result in synergistic stimulation 
of transcription of DIO3 gene. Increased D3 activity con-
verts T3 to inactive metabolite rT3, resulting in reduced 
T3 level, which in turn effects contractile activity and en-
ergy metabolism [19].

3. Clinical implications
High levels of D3 activity in the infarcted LV are associ-
ated with an apparent heart failure. Olivares et al. con-
ducted a 12-week analysis of LV remodeling, using a 
rat model of myocardial infarction (MI). They observed a 
chronic heart failure, with reduced ejection fraction and 
increased LV end-diastolic diameters and D3 activity 
was observed in the infarcted LV at 1-week post MI [20]. 
This activity was identical to that of increased D3 mea-
sured in another study by Wassen et al. in the RV fol-
lowing AMI [21]. The authors suggested that increased 
D3 activity is responsible for the transient decrease in 
plasma T3 levels, within first 3 weeks following AMI. 
Pol et al. analyzed post – AMI LV remodeling and D3 
expression in mouse model. The induction of D3 was 
found in hypertrophic, noninfarcted area of LV at first 
week after the incident. At the same time the LV function 
was severely reduced from week 1 after MI onwards., 
with increased LV end–diastolic and end–systolic diam-
eters and reduced fractional shortening. Moreover, D3 
activity remained high at 4-8 week following AMI [22]. 
 Changes in plasma T3 levels are closely correlated 
with the early and late recovery of cardiac function post 
AMI. Lymvaios et al. observed a significant correlation 
between left ventricular ejection fraction (LVEF, %) and 
T3 plasma levels (P=0,0004; P=106־). The changes in 
T3 plasma levels were observed early after AMI (48 h) 
and at 6 month after AMI. There was not a significant 
correlation between LVEF % and T4 or TSH [23]. In a 
cohort study of 1047 patients who underwent coronary 
angiography, FT3 plasma levels were linked with the 
presence of CAD (p<0,001). After 31 months follow-up, 
cardiac mortality was greater among patients with Low-
T3 syndrome [13]. From unselected sample of 573 pa-
tients with cardiac disease, cumulative and cardiovas-
cular mortalities were significantly higher in patients with 
low T3, compared with those without it (14,4 vs 3%, and 
7,5 vs 1,5%) [24]. In a group of 281 patients with post-
ischemic and non-ischemic dilated cardiomyopathy, 
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T3 levels and LVEF% were the only independent predic-
tors of cardiovascular and total mortality. Patients with 
combination of reduced LVEF% and T3 showed signifi-
cantly higher mortality in comparison with patients who 
showed similar LVEF% but normal T3 [25]. Forty-seven 
euthyroid patients with AMI were studied prospectively 
during the first 5 days and again 6 and 12 weeks later. 
It was noticed that thyroid hormone system is down-
regulated after AMI. The changes in hormone levels 
were rapid during the first 24 - 37 hours after onset of 
ischemic symptoms. The mean level of T3 decreased 
by 19%, the inactive metabolite rT3 levels increased by 
22%, whereas thyrotropin levels have declined by 51%. 
Patients who died within the first year of AMI had lower 
mean levels of T3 and higher levels of rT3 during the 
hospital period [26]. 
 AMI results in the loss of cardiac function due to tis-
sue necrosis, reperfusion injury and cardiac remodeling, 
causing significant morbidity and mortality (with a high 
risk 30-75%) [26,27].
 Researches have revealed previously undetected 
actions of TH on the heart. The beneficial effects of TH 
administration at early or late stage of myocardial infarc-
tion have documented the role of this hormone in the 
process of cardiac remodeling post MI. TH can control 
contractile function via regulation of contractile proteins, 
calcium handling, and ion channels [29]. It is possibly 
implicated in post-ischemic functional recovery. Treat-
ment with T3 improves post-ischemic recovery of car-
diac function while limiting apoptosis in experimental 
models of ischemia-reperfusion injury [30]. In addition, 
TH administration after the MI changes the LV geometry. 
TH is able to normalize stress of the cardiac wall by in-
creasing cardiac mass. It is noticed, that at later stages, 
TH induces changes in cardiac geometry by preventing 
the spherical shape of LV chamber. This effect is modu-
lated by TH reshaping LV chamber toward a more el-
lipsoidal shape. The above mentioned responses seem 
to involve distinct signaling pathways, comprising: low 
TH levels, increased D3 activity, increased expression 

of thyroid receptor protein α1 (TRα1) and decreased TR 
β1 protein expression in the myocardium [31,32].
 To recapitulate, there exist strong evidences that 
plasma levels of T3 correlate with the outcomes of AMI. 
However, the causes of Low-T3 syndrome remain un-
clear. Some researchers believe that TH is detrimental 
to ischemic myocardium due to the acceleration of heart 
rhythm. Thus, low T3 stage has a protective role and 
doesn’t need treatment. These beliefs are now being 
challenged by recent experimental or clinical investiga-
tions [33].

4. Conclusion
Myocardial infarction inevitably leads to a heart failure, 
which further involves cardiac remodeling. This process 
is closely related to pituitary-thyroid neuroendocrine 
axis and its components. Occurrence of Low-T3 syn-
drome following cardiovascular incident is clearly re-
lated to further negative prognosis and poor outcomes. 
Experiments with animals have recently indicated posi-
tive effects of T3 administration after acute myocardial 
injury on cardiac remodeling and ventricular function. 
Apart from this, in a randomized, placebo-controlled 
study Pingitore A. et al. concluded that short-term ad-
ministration of replacement dose of synthetic T3 to pa-
tients with chronic heart failure and Low-T3 syndrome 
improves both neuroendocrine profile and left ventricle 
stroke volume. On the other hand, the study had many 
limitations relating to small number of patients, lack of 
assessment of diastolic function and other systems. 
Furthermore, reliable conclusions about substitute T3 
therapy for patients with acute heart failure leading to 
myocardial infarction with the Low-T3 syndrome, are 
impossible to be drawn due to lack of clinical data. To 
sum up, deeper analysis is needed to understand the 
pathophysiology of Low-T3 syndrome as well as pos-
sibilities and necessity of its treatment for patients with 
acute myocardial infarction.

References

[1] Kalofoutis C., Mourouzis I., Galanopoulos G., 
Dimopoulos A., Perimenis P., Spangu D., et al., 
Thyroid hormone can favorably remodel the diabetic 
myocardium after acute myocardial infarction, Mol 
Cell Biochem., 2010, 345, 161-169

[2] Cohn J.N., Ferrari R., Sharpe N., Cardiac 
remodeling-concepts and clinical implications: a 
consensus paper from international forum on cardiac 
remodeling, J Am Coll Cardiol., 2000, 35, 569-582

[3] Roberts C.S., Maclean D., Maroko P., Kloner R.A., 

Early and late remodeling of the left ventricle after 
acute myocardial infarction, Am J Cardiol., 1984, 54, 
3, 407-410

[4] Pirolo J.S., Hutchins G.M., Moore G.W., Infarct 
expansion: pathologic anglysis of 204 patients with 
a single myocardial infarct, J Am Coll Cardiol., 1986, 
7(2), 349-354

[5] Pfeffer M.A., Braunwald E., Ventricular remodeling af-
ter myocardial infarction, Experimental observations 
and clinical implications, Circ J., 1990, 81(4), 1161-1172

12



E. Jankauskienė et al.

[6] Carrabba N., Parodi G., Valenti R., Migliorini A., 
Bellandi B., Antoniucci D., Prognostic value of 
reverse left ventricular remodeling after primary 
angioplasty for STEMI, Atherosclerosis., 2012, 222, 
123-128

[7] Mitchell G.F., Lamas G.A., Vaughan D.E., 
Pfefer M.A., Left ventricular remodeling in the 
year after first anterior myocardial infarction: a 
quantitative analysis of contractile segment lengths 
and ventricular shape, J Am Coll Cardiol., 1992, 19, 
1136-1144

[8] Rumberger J.A., Behrenbeck T., Breen J.R., 
Reed J.E., Gersh B.J.,  Nonparallel changes in global 
left ventricular chamber volume and muscle mass 
during the first year after transmural myocardial 
infarction in humans, J Am Coll Cardiol., 1993, 21, 
673-682

[9] Springeling T., Kirschbaum S.W., Rossi A., Baks T., 
Karamermer Y., Schulz C., et al, Late cardiac 
remodeling after primary percutaneous coronary 
intervention-five-year cardiac magnetic resonance 
imaging follow-up, Circ J., 2012, 77(1), 81-88

[10] Galiuto L., Gabrielli F.A., Lanza G.A., Porfidia A., 
Paraggio L., Barcheta S., et al, Influence of 
left ventricular hypertrophy on microvascular 
dysfunction and left ventricular remodelling after 
acute myocardial infarction,. European Journal of 
Echocardiography., 2010, 11, 677-682

[11] Galli E., Pingitore A., Iervasi G., The role of thyroid 
in the pathophysiology of heart failure: clinical 
evidence, Heart Fail Rev., 2010, 155-169

[12] Coceani M., Iervasi G., Pingitore A., Carpeggiani 
C., L′Abbate A., Thyroid hormone and coronary 
artery disease: from clinical correlations to 
prognostic implications, Clin Cardiol., 2009, 32(7), 
380-385

[13] Coceani M., Heart disease in patients with thyroid 
dysfunction: hyperthyroidism, hypothyroidism and 
beyonm, Anadolu Kardiyol Derg., 2013, 13(1), 62-6

[14] Olivares E.L, Carvalho D.P., Thyroid hormone 
metabolism in heart failure: iodothyronine 
deiodinases in focus,  Curr Opin Endocrinol 
Diabetes Obes., 2010, 17, 414-417

[15] De Groot L.J., Non-thyroidal ilness sindrome is a 
manifestation of hypothalamic-pituitary dysfunction, 
and in view of current evidence, should be treated 
with appropriate replacement therapies,  Crit Care 
Clin., 2006, 22, 57-86

[16] Bianco A.C, Larsen P.R., Cellular and structural 
biology of the deiodinases, Thyroid., 2005, 15, 
777-786

[17] Iervasi G., Pingitore A., Landi P., Raciti M., Ripoli 
A., Scarlattini M., et al., Low-T3 syndrome a strong 

prognostic predictor of death in patients with heart 
disease, Circulation., 2003, 107, 708-713

[18] Gereben B., Zavacki A.M., Ribich S., Kim B.W., 
Huang S.A., Simonides W.S., et al, Cellular and 
molecular basis of deiodinase-regulated thyroid 
hormone signaling, Endocr Rev., 2008, 29, 898-938

[19] Simonides W.S., Cardiac thyroid-hormone 
deiodinative pathways in ventricular hypertrophy 
and heart failure, In: Iervasi G, Pingitore A. (Eds.), 
Thyroid and heart failure from pathophysiology to 
clinics., Springer-Verlag Italia., 2009, 67-77

[20] Olivares E.L., Marassi M.P., Fortunato R.S., Da 
Silva A.C., Costa-e-Sousa R.H., Araujo I.G., 
et al., Thyroid function disturbance and type 
3 iodothyronine deiodinase induction after 
myocardial infarction in rats a time course stud,. 
Endocrinology., 2007, 148, 4786-4792

[21] Wassen F.W., Schiel A.E., Kuiper G.G., Kaptein E., 
Bakker O., Visser T.J., et al, Induction of thyroid 
hormone-degrading deiodinase in cardiac 
hypertrophy and failure, Endocrinology., 2002, 
143, 2812-2815

[22] Pol C., Zuidwijk M., Deel E., Muller A., Visser T.J., 
Duncker D., et al, Left ventricular myocardial 
infarction in mice induces sustained cardiac 
deiodinase type III activity, XXVIII European  
Section  Meeting  of the International  Society 
for Heart Research, Medimond International  
Proceedings, Bologna, Italy.,  2008, 57-60

[23] lymvaios I., Mourouzis I., Cokkinos D.V., 
Dimopoulos M.A., Toumanidis S.T., Pantos C., 
Thyroid hormone and recovery of cardiac function 
in patients with acute myocardial infarction: a strong 
association, European Journal of Endocrinology., 
2011, 165, 1-9

[24] Cini G., Carpi A., Mechanink J., Cini L., Camici M., 
Galleta F., et al., Thyroid hormones and the 
cardiovascular system: pathophysiology and 
interventions, Biomedicine and Pharmacotherapy., 
2009, 63, 742-753

[25] Pingitore A., Iervasi G., Triiodothyronine (T3) 
effects on cardiovascular system in patients with 
heart failure, Recent Patents Cardiovasc Drug 
Discov., 2008, 3, 19-27

[26] Friberg L., Werner S., Eggertsen G., Ahnve S., 
Rapid down-regulation of thyroid hormones in 
acute myocardial infarction: is it cardioprotective in 
patients with angina? Arch Intern Med. 2002; 162, 
1388-1394

[27] Ezekowitz J.A., Kaul P., Bakal .JA., Armstrong P.W., 
Welsh R.C., Mcalister F.A., Declining in-hospital 
mortality and increasing heart failure incidente in 
elderly patients with first myocardial infarction, J 

13



‘Low – T3 syndrome’ among patients
with acute myocardial infarction

Am Coll Cardiol., 2009, 53, 13-20
[28] Gajarsa J.J., Kloner R.A., Left ventricular 

remodeling in the post-infarction heart: a review of 
cellular, molecular mechanisms, and therapeutic 
modalities, Heart Fail Rev., 2011, 16, 13-21

[29] Pantos C., Mourouzis I., Xinaris C., Papadopoulou-
Daifoti Z., Cokkinos D, Thyroid hormone and 
„cardiac metamorphosis‘‘: potential therapeutic 
implications, Pharmacology and Therapeutics., 
2008, 118, 277-294

[30] Pantos C., Mourouzis I., Saranteas T., Clave G., 
Ligeret H., Noack-Fraissignes P., et al., Thyroid 
hormone improves postischemic recovery of 
function while limiting apoptosis: a new therapeutic 
approach to support hemodynamics in the setting 
of ischemia-reperfusion? Basic Research in 

Cardiology., 2009, 104, 69-77
[31] Pantos C., Mourouzis I., Cokkinos DV., New 

insights into the role of thyroid hormone in cardiac 
remodeling: time to reconsider? Heart Fail Rev., 
2011, 16, 79-96

[32] Pantos C., Mourouzis I., Xinaris C., Kokkinos A.D., 
Markais A., Dimopoulos A., et al., Time-dependent 
changes in the expression of thyroid hormone 
receptor α1 in the myocardium after acute 
myocardial infarction: posible implications in cardiac 
remodeling, Eur J Endocrinol., 2007, 156, 415-424

[33] Pantos C., Mourouzis I., Cokkinos V., Thyroid 
hormone and ischemic myocardium, In: Iervasi G, 
Pingitore A. (Eds.), Thyroid and heart failure from 
pathophysiology to clinics, Springer-Verlag Italia., 
2009, 131-132

14


	1. Introduction
	2. Thyroid hormone and its mechanisms of action
	3. Clinical implications
	4. Conclusion



