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Thyroid disorders (hypothyroidism and hyperthyroidism)
have been the focus of studies in the most diverse areas of
health sciences, because of their repercussion on various
parts of the human body.

Among the many consequences of these disorders,
decreased exercise tolerance, due to direct involvement
of cardiovascular and muscle systems, is rarely reported
in literature!-3.

This article addresses, through literature review, the
cause-effect relationship of thyroid hormone actions on
both systems and their implications for exercise capacity.

THYROID HORMONES AND THE
CARDIOVASCULAR SYSTEM

According to the classical literature on human physiology?,
thyroid hormones — thyroxine (T4) and triiodothyronine (T3)
— produce an overall increase in the basal metabolism of
the human body. This is accompanied by greater tissue
oxygen consumption, owing both to vasodilation and the
concomitant increase in cardiac output, which are facilitated
by enhanced chronotropism and inotropism.

Studies of hyperthyroid patients®!° have demonstrated
that they show increased contractile force and cardiac
output, with decreased peripheral resistance.

Cardiac ATPase consists of two heavy-chain proteins,
alpha (a) and beta (), and is involved in energy production
for cells of the entire body. The a-chain has a high ability
to dephosphorylate ATP, while the B-chain has a low
ability. Thus, three different cardiac ATPase molecules
may exist: aa, BB and aB. The expression of the a-chain
gene increases in the presence of the thyroid hormone,
thereby improving myocardial contractility. However, this
improvement in contractile force occurs only with slight
elevations of thyroid hormone levels, because excessive
levels of it enhance contractile protein catalysis. When it
comes to hypothyroidism, the af molecule is converted to
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BB, reducing myocardial contractility!-!3. In both cases,
therefore, contractility is impaired. In hyperthyroidism,
this is associated with excessive breakdown of contractile
proteins. In hypothyroidism, the functional deficit is
related to structural changes in the ATPase enzyme.

Both situations cause changes that may decrease
physical fitness, because of reduced pump function.

With regard to thyroid hormone influence on
hemodynamic parameters, during hormone replacement
systolic blood pressure increases and diastolic blood
pressure decreases, leading to wider pulse blood pressure.
However, mean blood pressure remains unchanged*.
Systolic pressure elevation is explained by the increment in
blood flow induced by increased cardiac output. Diastolic
pressure decrease is due to the peripheral vasodilation
caused by greater relaxation of arterial smooth muscle.
In hypothyroidism, the opposite is true.

Some studies!#'® have demonstrated that thyroid
hormones also increase venous return, contributing to
greater cardiac output and systemic vascular resistance.

This understanding of reduced systemic vascular resistance,
one of the postload components found in hyperthyroidism or
hormone replacement, emerged with the discovery of the
vasodilator role of T3 on the vascular smooth muscle!’.

Thus, the effect of thyroid hormones on hemodynamic
variables, such as heart rate, cardiac output, pre- and
postload components, systolic pressure, diastolic pressure
and pulse pressure, is a result of higher or lower peripheral
metabolic demand associated with hyperthyroid or
hypothyroid states, respectively.

Low exercise tolerance in hypothyroid patients is justified
- among other factors - by the decrease in myocardial contractile
force caused by structural changes in the ATPase enzyme
described previously. This reduction in the heart's pumping
function decreases cardiac output, an important factor in
determining the degree of exercise tolerance. On the other hand,
despite their high cardiac output, hyperthyroid patients also
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have low exercise tolerance. This is caused by increased levels
of circulating thyroid hormones over a long period, which keep
the heart rate permanently elevated and, as a result, decrease
the heart’s capacity to work. This effect is enhanced by high
catalysis of contractile proteins, as already mentioned?8.

THYRoID HORMONES AND THE MUSCLE

SYSTEM

Some studies!®?! have related hypothyroidism to muscle
dysfunction. The problem seems to lie in the lower activity
of the enzymes involved in the aerobic and anaerobic
glucose mechanism. Reduced mitochondrial activity also
occurs, with abnormal muscle energy metabolism.

Therefore, in addition to deficits associated with
decreased blood flow to tissues and oxygen delivery to
muscles, there are also metabolic deficits that increase
these patients’ exercise intolerance.

This inference is supported by the fact that skeletal muscle
is one of the primary targets for thyroid hormones??.

Furthermore, studies conducted by Ramsay??
demonstrated that thyroid hormone action on skeletal
muscles affects mainly type-lI muscle fibers, which
promote slow contractions and are most prevalent in the
postural muscles recruited during prolonged effort.

Different metabolic changes, yet with similar
consequences, may therefore be observed in both hypothyroid
and hyperthyroid patients. In the first case, fatigue is directly
related to deficient action of thyroid hormones. In the latter,
however, the cause is mainly depletion of muscle energy
substrate due to high metabolic demand.

As we may observe in the Everts’ (Graphic 1), all these
muscle dysfunctions may be exemplified by the Achilles
tendon reflex test used to diagnose thyroid disorders prior
to development of new methods?2.

In the soleus muscle, which is composed predominantly
of type | fibers and is involved in the reflex response already

described, fiber recruitment is faster in the hyperthyroid
state and slower in the hypothyroid state.

THYRoOID HORMONES AND EXERCISE

TOLERANCE

One of the primary consequences of thyroid dysfunction
is lower tolerance to physical exertion, because of its
implications involving the muscle and cardiovascular
systems. This interferes directly in the patient’s ability to
perform daily activities, thereby reducing his quality of life.

According to traditional studies in the field of exercise
physiology?428, one of the key parameters for measuring
tolerance to high-intensity exercise is the anaerobic
threshold, because it reflects the point of the body’s
maximal oxygen consumption.

Compared to those less fit, people with good
cardiorespiratory fitness require higher-intensity exercise
to reach the anaerobic threshold. That is why athletes
show higher exercise tolerance.

The study performed by Kahaly et al®* showed that
subjects with thyroid dysfunction have reduced workload
tolerance at the anaerobic threshold, compared to
euthyroid subjects. According to these authors, in
hyperthyroidism this exercise intolerance is caused by
mitochondria oxidative dysfunction, and in hypothyroidism,
by inadequate cardiovascular support.

FiNAL CONSIDERATIONS

Several studies demonstrate the effects of thyroid disorders
on cardiovascular and muscle systems. Foremost among them
are impaired cardiac function and decreased ability to perform
daily activities, because of exercise intolerance. Further studies
should be stimulated to evaluate disorders secondary to
thyroid function variations and their implication, as well as
therapeutic options for this highly prevalent disease.
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Graphic 1 — Soleus muscle contraction in hypothyroid (HYPO) and hyperthyroid (HYPER) rats, compared to euthyroid (EUT) rats. (Adapted from Everts,

1983)
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