OriginalArticle
Article
Original

Thyrotoxicosis Associated Enhanced Systolic Function:
Lessons on Possible Therapeutic Use of Thyroid
Hormone in Selected Cases of Low Thyroid Hormone
Levels and Poor Systolic Function
Raphael Anakwue*
Department of Medicine, Pharmacology and Therapeutics, College of Medicine, University of Nigeria, Enugu Campus, Nigeria

Corresponding author:

Dr Raphael Anakwue,
Department of Medicine,
Pharmacology and Therapeutics,
College of Medicine,
University of Nigeria, Enugu Campus,
Nigeria,
Tel: 2348033343044
E-mail: dranakwue@yahoo.com;

Abstract
Objectives: The heart and blood vessels are sensitive to the effects of excess thyroid
hormones (THs). Echocardiography is an important investigative modality in detecting
cardiac involvement in disease states and so was employed in finding out if the
hyperdynamic state in thyrotoxicosis was associated with enhanced left ventricular
systolic function. Methodology: Consultants in main hospitals in Enugu were requested
to send in adult patients with thyrotoxicosis to the out patients department of UNTH,
Enugu. The patients were recruited consecutively and diagnosis confirmed following
clinical assessment and thyroid function tests. Echocardiography was done to assess
enhanced left ventricular systolic function (indicated by any of these parameters VEF
>75%, FS >42%, CO > 7 l/min, CI >4.3 l/min/m2, MVCF >1.9 cir/sec, PASV >120 cm/sec.
Results: Thyrotoxicosis patients were leaner, had no significant difference in blood
pressure when compared with controls. The patients also had significantly enhanced
left ventricular systolic function when their FS (43.9%-p<0.05), CO (7.15l/min-p<0.05),
and AOVMAX (144 cm/sec-p<0.05) were compared with controls. Values of free T3
also correlated positively with systolic echocardiographic parameters. Discussion and
Conclusion: The effect of TH on the heart has led to interest in the therapeutic use of TH
on cardiac diseases. Thyroid hormone could be used as replacement therapy in cardiac
diseases in which there is background low thyroid hormone and poor systolic function
or heart failure.
Keywords: Thyrotoxicosis; Enhanced systolic function; Lessons on thyroid hormone
replacement; Poor systolic function

Introduction
Thyrotoxicosis is a condition in which there is excess circulating free
tri-iodothyronine (FT3) and/or free thyroxine (FT4). Most studies
support the hypothesis that T3 is the final mediator and that T4 is a
prohormone, primarily because of the universal presence of T3, but
not T4 nuclear receptors, in tissues responsive to thyroid hormone. [1]
Thyroid hormone has profound effect on many systems and metabolic
process but the heart is particularly sensitive to its effects. [2-5] T3 has
both direct and indirect effects on heart function. The direct effect
appears to be mediated by changes in protein synthesis which then
regulate myocardial gene expression. Thyroid hormone upregulates
the following genes: myosin heavy-chain alpha, [6] Ca2+ ATpase; [7]
Na+k+ATpase; [8] beta adrenergic receptor; [9] glucose transporter
(Glut-4); [10] Cardiac troponin I, [11,12] and atrial natriuretic protein [13]
thereby increasing systolic contractile function. Thyroid hormone
also down-regulates the following genes: myosin heavy-chain beta,
phospholamban and glucose transporter (Glut-1) [10] causing reduced
cardiac contraction.
The effect of thyroid hormone on the vascular system is remarkable. [14]
The hyperynamic cardiovascular state associated with thyrotoxicosis
results from thyroid hormone induced peripheral vasodilatation which
leads to increased venous return giving rise to increased cardiac
contractility and output. [14]
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Echocardiography has been shown to be sensitive in detecting cardiac
involvement in diseased states. Echocardiographic studies of the left
ventricular systolic function in thyrotoxicosis in Africa are few. To
the best of our knowledge only four of such echocardiographic studies
have been done in Nigeria including one by us on the Igbos who lives in
the eastern part of Nigeria. [15-18] Thyrotoxicosis is a hypermetabolic and
hyperdynamic cardiovascular state and so this study was designed to
find out if there is enhanced left ventricular systolic function associated
with this endocrine disorder.

Methods
Study population and equipment
The study recruited patients with thyrotoxicosis seen consecutively
over one year period in the medical outpatients of University of Nigeria
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Teaching Hospital. The fifty patients aged 15years or older and of both
sexes included in the study were referred from the consultants in the
main hospitals in Enugu city. All the study participants gave consent.
The study was assessed and approved by the UNTH ethical committee
in keeping with international regulations.
Data was collected on patients’ demographic characteristics, clinical
state in keeping with thyrotoxicosis and blood collected for thyroid
function tests. The study used kits from Syntron Bioresearch Inc USA
for the thyroid function tests. The Syntron kits have the following intra
assay coefficient of variation: free T3 (6.8%), TSH (4.3%), total T3
(4.4%), total T4 (7.2%). [18] Comparison between Syntron kit and Abbot
Kit showed a correlation coefficient of 0.0986918. Electrocardiography
was done with a Hewlett Packard Electrocardiographic machine.
Two-dimensional and m-mode transthoracic echocardiographic
examinations were performed in all subjects using SONOS 2000
Echocardiographic machine with 3.5 MHz transducer according to the
recommendations of American Society of Echocardiography. [19]
Exclusion criteria included patients with hypertension preceding
thyrotoxicosis, and patients with diabetes mellitus, anaemia, coronary
artery diseases or exposed to illicit drugs, herbal or any cardiotoxic
agents. Fifty age and sex matched controls with no clinical or
biochemical evidence of thyrotoxicosis and co-morbidities were also
studied. Exclusion criteria were as in the patient population

Definitions
Thyrotoxicosis was deemed to be diagnosed if there was serum –
free iodothyronine > 4.2 pg/l and a concomitant suppressed thyroidstimulating hormone level <0.5 uu/ml.

Left ventricular enhanced systolic function was established by any
of the following: left ventricular ejection fraction (LVEF) >75%,
fractional shortening (FS) >42%, cardiac index (CI) >4.3 litre/min/m2,
cardiac output (CO) > 7 liters/min, mean velocity of circumferential
fibre shortening (mVCF) > 1.9 cir/sec, peak aortic systolic velocity
(AOVMAX) >120 cm /sec.

Statistical analysis
Continuous variables were expressed as mean ± SEM. Statistical
comparison was performed using Students t test. Calculations were
done using SPSS software (version 11). p ≤ 0.05 was considered
significant. Correlation was done were appropriate to find out if there
were relationships between parameters.

Results
Demographic characteristics
The baseline demographic and clinical variables of the 50 consecutive
patients diagnosed with thyrotoxicosis are presented in Table 1.
There were no significant differences when the mean age (43.5 ± 15.2
years) and height (160.9 ± 7.0 cm) of the thyrotoxicosis patients were
compared with the age and height of the controls (44.3 ± 14.2 years
and 160.3 ± 15.9 cm) respectively. However, thyrotoxicosis patients
had significantly lower weight (57 ± 5.2 kg vs. 67.5 ± 8.4 kg, p<0.01)
and body mass index (22.26 ± 5.6 vs. 24.2 ± 4.3 kg/m2, p<0.05) when
compared with the control [Table 1a].

Clinical characteristics
The most common symptom found among thyrotoxicosis patients

Table 1: (A) Anthropometric data and blood pressure of patients and controls; (B) Frequencies of symptoms in thyrotoxicosis patients.
(A) Anthropometric data and blood pressure of patients and controls
Parameters
Thyrotoxicosis Patients: Mean (SD)
Control: Mean (SD)
‘t’ Test Value
p-value
Age
44 (3.1)
43.5 (5.2)
0.85
>0.05
Weight (kg)
56.0 (5.5)
65 (7.6)
-6.4
<0.05∗
Height (meters)
159.5 (6.8)
160.8 (15.9)
1.35
>0.05
1.2 (2.4)
1.6 (0.17)
1.85
<0.5∗
Body surface area (m2)
22.04 (6.4)
25.09 (5.4)
-1.87
<0.05∗
Body mass Index (Kg|m2)
Pulse (beats |min)
102 (11.9)
78 (5.2)
8.57
<0.01∗
Systolic Blood Pressure (mmHg)
124.2 (12.5)
122.9 (2.8)
0.12
>0.05
Diastolic Blood Pressure (mmHg)
75 (11.4)
79.1 (6.5)
1.5
>0.05
(B) Frequencies of symptoms in thyrotoxicosis patients
Symptoms
Patients (percentage)
Palpitation
30 (60)
Enlarged thyroid gland
26 (52)
Weight loss
24 (48)
Heat intolerance
23 (46)
Tremulousness
21 (42)
Proptosis (Graves’ patients)
20 (40)
Increased sweating
18 (38)
Polyphagia
16 (32)
Key: *represents significant value
Table 2: Comparison of parameters of left ventricular systolic function between thyrotoxicosis patients and control.
Mean values for Thyrotoxicosis Patients
Mean values for
Parameters
t-test value
(SD) [reference range]
Control (SD)
LVEFR (%)
69.7 (10.2) [41-79]
59 (3.3)
2.47
FS (%)
43.9 (9.8) [12-48]
36.83 (8.4)
2.8
Cardiac output (litres)
7.15 (1.47) [3.5-8.0]
4.7 (0.67)
7.64
4.1 (0.84) [2.1-4.8]
3.2 (0.29)
4.13
Cardiac Index l/min/m2
Peak aortic systolic velocity (cm/s)
144 (26.7) [81-165]
113 (11.5)
7.5
VCF (circumferences/second)
1.74 (0.34) 1.8-2.1]
1.21 (0.12)
11.0
Key: LVEFR: Left Ventricular Ejection Fraction; FS: Fractional Shortening; VCF: Velocity of Circumferential Fiber Shortening

Annals of Medical and Health Sciences Research | Volume 8 | Issue 5 | September-October 2018

p-value
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Table 3: Correlation of thyroid stimulating hormone and free T3 with echocardiographic parameters.
Parameters
Pearson’s Correlation Coefficient for TSH p-value (TSH) Pearson’s Correlation Coefficient for Free T3
LVEFR
-0.402
<0.01
0.365
FS
-0.396
<0.01
0.347
CO
-0.283
<0.05
0.319
CI
-0.259
<0.05
0.301
AOVMAX
-0.406
<0.01
0.390
MVCF
-0.517
<0.01
0.370
LVE
-0.368
<0.01
0.301
LVA
-0.309
<0.01
0.307
LVE/A
-0.013
>0.05
0.133
LVIVRT
-0.033
>0.05
0.129
LVDT
-0.064
>0.05
0.206
PFR
-0.068
>0.05
0.267
RVE
-0.402
<0.01
0.417
RVA
-0.396
<0.01
0.365
RVE/A
-0.145
>0.05
-0.145
RVDT
-0.158
>0.05
-0.106
*p-value <0.05 is significant represents significant value

p-value (FT3)
<0.01
<0.01
<0.05
<0.05
<0.05
<0.01
<0.01
<0.01
>0.05
>0.05
>0.05
>0.05
<0.01
<0.01
>0.05
>0.05

Discussion
Cardiac output is increased 50 to 300% in thyrotoxicosis patients than in
normal patients. [20] This form of enhanced systolic function was found
in this study as demonstrated by increase in aortic maximal forward
flow velocity in 11 patients (22%) [Figure 1]. Table 2 documented
the significantly increased systolic findings in the subjects studied
compared with control. And Table 3 showed that thyroid hormones
correlated positively with systolic function parameters supporting the
evidence for enhanced systolic function.

Figure 1: Continuous wave Doppler showing increased aortic flow
velocity in a patient with enhanced systolic function in thyrotoxicosis.

was palpitation. (in 30 patients-60%). Other symptoms and their
occurrences in the thyrotoxicosis patients are shown in Table 1b.
Graves’ disease was the most common cause of thyrotoxicosis in
this study (31 patients -62%). The mean heart rate was significantly
higher in thyrotoxicosis patients: 104 bpm (range: 98-140 bpm) than
in the control group 75.1 (range: 72-83 bpm), p<0.01. There was no
significant difference between the systolic blood pressure and diastolic
blood pressure of the thyrotoxicosis patients and the control groups.

Echocardiographic findings
Left ventricular systolic function parameters were compared between
thyrotoxicosis patients and control and shown in Table 2. Thyrotoxicosis
patients had higher values than the control for left ventricular
ejection fraction, fractional shortening, cardiac output, cardiac index,
peak aortic systolic velocity, and velocity of circumferential fibre
shortening. The differences were found to be significant (all p< 0.01)
and demonstrated the presence of left ventricular enhanced systolic
function in thyrotoxicosis patients.
A comparison of values of free T3 with systolic echocardiographic
parameters [Table 3] showed positive correlation as against negative
correlation with TSH indices. The degree of correlation was more
strongly with LVEF, AOVMAX and MVCF.
A continuous wave Doppler demonstrating increased aortic velocity
in a patient with enhanced systolic function in thyrotoxicosis is shown
in Figure 1.

Enhanced systolic function is due to both a direct action of TH on the
heart and an indirect action on the peripheral vessels. The former is due
to the preferential expression of the alpha-myosin heavy chain which
has greater ATPase activity and thus augments cardiac contraction
as well as increased activity of calcium activated ATPase leading to
increased inotropism. The latter is due to decreased systemic vascular
resistance increased venous return and blood volume and cardiac
contractility. [4]
The cellular mechanisms governing the entry of triiodothyronine
(T3), the biologically active thyroid hormone, into the cardiomyocyte
through specific transport proteins located within the cell membrane [21]
has been defined. We now know that systole preceeds the entry of T3
and that T3 enters the nucleus and interacts with specific transcriptional
activators (nuclear receptor alpha-1) or repressors (nuclear receptor
alpha-2). The combined effect of bound T3 and recruited cofactors,
leads the thyroid hormone-receptor complex to bind (nuclear receptor
-alpha1) or release (nuclear receptor alpha-2) specific sequences of
DNA (thyroid-responsive elements) that, in turn, by acting as cis- or
trans-regulators, modify the rate of transcription of specific target
genes. [22] Myosin heavy chains and the sarcoplasmic reticulum proteins
involved in the regulation of intracellular calcium handling. [23-26]
Myocardial relaxation is controlled by the rate of calcium reuptake into
the lumen of the sarcoplasmic reticulum during diastole which itself
is modulated by sarcoplasmic reticulum calcium activated ATPase.
[25,26]
This explains why in diastole, the thyroid hormone upregulates
expression of the sarcoplasmic reticulum calcium-activated ATPase
and down-regulates expression of phospholamban, thereby enhancing
myocardial relaxation. [25,26]
This study is the first report on enhanced systolic function in
thyrotoxicosis patients in Nigeria and perhaps in sub-Saharan Africa.
Friedman et al. [27] confirmed enhanced systolic function by measuring
the echocardiographic tracing of the septum and left posterior wall. Kral
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et al. in Czecholoslavakia [28] studied 12 patients with hyperthyroidism and
documented significant increase in mean VCF as well as cardiac index,
stroke volume and left ventricular end diastolic volume. Our study showed
an increase by 17% in the mean VCF of thyrotoxicosis patients when
compared with the control (1.74 vs. 1.41 circumferences/second).
Marcisz et al. in Poland while studying the hyperthyroidism noted that it
was associated with enhanced systolic function. [29] They demonstrated
increased left ventricular ejection function, fractional shortening, mean
VCF, cardiac index and output- pressure index. Additionally there was
a significant shortening of pre- ejection period, left ventricular ejection
time, pre-ejection period index and left ventricular ejection time index;
all these are evidences of enhanced systolic function in thyrotoxicosis
patients. These values are also comparable with that obtained in animal
studies involving 103 cats with hyperthyroidism in which Bond et al.
[30]
showed enhancement of indices of contractility. Feldman et al. [31]
had recorded strong positive correlation between the level of thyroid
hormone and the change in contractile state represented by mean VCF.

Rationale of TH replacement therapy in heart diseases
The effect of TH on the heart has led to interest in the therapeutic use of
TH on cardiac diseases. Thyroid hormone could be used as replacement
therapy in cardiac diseases in which there is background low thyroid
hormone and poor systolic function or heart failure. There are research
findings which provide evidence that TH is important in modulating
cardiac function physiologically and in disease states. There are also
new data that show that mildly altered TH function is negatively
correlated with risk factors and events in patients with cardiovascular
diseases. [32]
We had earlier published a work on congestive heart failure in subjects
with thyrotoxicosis in a black community and eluded to the fact
that thyrotoxicosis could cause heart failure.18 The fact that we are
proposing the use of thyroid hormone for treatment of heart failure
in this construct may seem like a paradox. However, thyrotoxicosis
induced heart failure may be due to autoimmune destruction of cardiac
myocytes in addition to other haemodynamic factors like hypervolemic
burden, tachyarrhythmias, congestive circulation secondary to excess
sodium and fluid retention. [32,33]
Thyrotoxicosis induced heart failure has a different patho-clinical
basis from the therapeutic use of thyroid hormone in heart failure. The
former exposes the pathophysiological mechanism of excess thyroid
hormones on the heart, and the latter exploits the therapeutic use of
thyroid hormone replacement in cardiac conditions particularly if there
is low thyroxine.
It is known that hyperthyroidism and hypothyroidism can cause
cardiovascular disease. Both conditions can cause mild cardiovascular
diseases which may progress to myocardial fibrosis and eventually
heart failure. Hypothyroidism induced heart disease tend to regress
with thyroid hormone replacement and the reverse is the case for
thyrotoxicosis. [34-36]
The effect of thyroid hormone on cardiac structure and function has also
been demonstrated in patients without overt clinical hypothyroidism.
This group of patients are said to have subclinical hypothyroidism
(scHypo). [37,38] There are clinical observations that suggest a strong
link between scHypo and poor outcome in patients with and without
heart disease. [39-45] Many reports now suggest that scHypo is a risk
factor in heart disease. [39,42,46-49] Another report showed that in chronic
heart failure patients, TSH levels even slightly above normal range are
independently associated with a greater likelihood of HF progression.
[50]
There are also experimental data that support that scHypo may
cause reversible left ventricular (LV) diastolic dysfunction in subjects
with TSH >10 μIU/mL. [51]

Low levels of myocardial T3 are found not only in hypothyroid
disease but also in nonthyroid conditions like heart failure, myocardial
infarction and cardiomyopathy because of the hearts’ inability to
generate T3 from precursor T4. Where Low circulating levels of T3 in
the absence of primary thyroid hypofunction have been found in 20%
to 30% of patients with dilated cardiomyopathy. [52,53]
The conclusion is that low TH level is associated in heart diseases
particularly so in those cardiovascular states with significant injury to
the myocytes with myocardial infarction being an outstanding example.
[54]
There is now evidence. We now know that mild TSH abnormalities
play an important role in the myocardial response to acute ischemia
[55,56]
and that thyroid hormone levels correlate with the clinical stage
of heart failure with lower levels found in patients with lower NYHA
class. Also lower TH levels have been associated with post-operative
periods in patients who had undergone cardiopulmonary or coronaryaortic bypass surgery. [57-60]

The role of thyroid hormone in the endogenous regeneration of damaged heart
There is evidence that treatments targeting the TH signaling may
promote endogenous regeneration of the damaged myocardium. [6168]
As a result TH treatment early after infarction resulted in marked
improvement of contractile indices independent of loading conditions,
due to favorable cell remodeling as indicated by the switch of
MHC isoform expression from the fetal to adult pattern. [64] TH also
increased cardiac mass and normalized wall stress while it preserved
left ventricular geometry to the ellipsoidal shape leading to enhanced
myocardial performance as indicated by significant improvement of
left ventricular ejection fraction. [65]

Thyroid replacement therapy in patients with heart
disease
It was found that during hypothyroidism MHC alpha mRNA was
markedly lower, the MHC beta was high and the phospholamban was
10-fold higher in the hypothyroid heart when compared with euthyroid
heart. When euthyroidism was restored, all changes reverted to normal
and a normal cardiac function was restored. [69] These observations
are the basis of the so-called activation of a fetal gene program [70,71]
secondary to the hypothyroid state. These contribute to the decreased
contractile function typical of adult HF and a reversal of genotype/
phenotype to a more fetal-like cardiac state.
It has been demonstrated that the activation of the fetal gene program
observed during evolution of heart failure in adult life which appears
to be potentially reversible when the TH profile is normalized. The
restoration of a physiological thyroid hormone/thyroid receptor
interaction might counteract progression of heart disease by different
mechanisms including: (1) a positive remodeling through the
modulation of myocardial gene expression; (2) an improvement in
cardiac systolic and diastolic function with a consequent improvement
in hemodynamics; (3) an improvement in myocardial perfusion and (4)
a positive effect on quality of life by combining multisystem actions
of the TH. The rationale for systemic administration of TH is based
on the additional systemic actions of THs, in particular on skeletal
muscle, kidney, and brain that could be important components of the
progression from organ-limited to whole-body disease.
Thyroid hormone replacement therapy aimed at optimizing TH
signalling in the presence of heart failure can be achieved through
the following: (1) administration of synthetic L-T4 (3) administration
of a TH analogue, (4) genetic manipulation of the expression
of cardiovascular deiodinases, to increase local production and
bioavailability of T3; (5) genetic manipulation of the cardiovascular
thyroid hormone receptor pattern to increase hormonal signalling at the
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receptor level while preserving T3 availability. Presently, the first three
approaches have been applied in a few human studies, and with a low
number of patients [72-74] whereas the remaining therapeutic options are
still in the experimental animal stage. [75,76]
L-T4 Administration ensures that the main physiological pathway
of secretion and peripheral metabolism of TH system is preserved.
Moruzzi et al. published two studies in which synthetic L-T4 was given
orally at the “physiological” dose of 0.1 mg per day and cardiovascular
effects were assessed after short-term (one-week) treatment and after
continuous three-month treatment. [77,78] These two studies showed
that L-T4 was well tolerated and induced significant improvement in
cardiac pump function, consisting of enhanced resting LVEF, resting
cardiac output, and functional capacity during exercise.
The therapeutic use of L-T3 the physiological pattern of peripheral
conversion from T4 into T3, which is impaired in presence of a
low-T3 syndrome, is bypassed through direct application of the
biologically active TH. In a study in which L-T3 was administered at a
“physiological” dose of 20 μg/day/m2 body surface for a period of 96 h
in six patients with advanced heart failure and low-T3 syndrome who
were undergoing stable conventional treatment and salt intake. L-T3
constant infusion induced a progressive reduction in systemic vascular
resistance and an increase in left ventricular ejection fraction and
cardiac output, the latter invasively monitored by Swan-Ganz catheter;
urinary output also improved, whereas no changes in heart rate and
systemic arterial BP were observed. [79-81] Thyroid hormone analogue
3,5 has similar positive effects than the natural thyroid hormone but
lower adverse effects. [82,83]

Conclusion
Thyroid hormone metabolic disorder has been identified as a risk factor
for cardiovascular diseases. [43,52] Increasingly, the hypothyroid state,
and in particular a low triiodothyronine level, has been associated with
a reduced cardiac performance and poor prognosis in HF, even in the
presence of normal thyroid-stimulating hormone levels. [43,44,52,53]
Studies which have demonstrated enhanced systolic function in
thyrotoxicosis supports the hypothesis that thyroid hormone could
be useful in the treatment of heart conditions in which poor systolic
function and low thyroid hormone level are present. There is increasing
evidence that thyroid hormones also produce remarkable improvements
in cardiac remodeling, including beneficial changes in myocyte shape,
microcirculation, and collagen. [84] There is need for more studies in
large populations to help map out clearly the indications for thyroid
replacement therapy in patients with and without cardiac disease. This
is important particularly since there are presently very few new drug
discoveries in the area of heart failure pharmacotherapy.
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