





feared complications of Graves' disease, and may occur with-
out, before, during, or following the development of ciinical
hyperthyroidism.” The immunologic basis for these changes
may contribute to the beneficial, although often short-lived, re-
sponse to corticosteroids—especially when these drugs are
used early in the course of the disease. A direct anti-
inflammatory response may alsc be important in producing the
therapeutic response. Much controversy surrounds the treat-
ment of the various degrees of thyroid eye disease; however,
there is little disagreement that the patient should be main-
tained in a euthyroid state (see C. A. Gorman, THYROID TODAY,
Volume I, Number 3, October/November 1877).

Myasthenia gravis. Myasthenia gravis is a myopathic syn-
drome affecting skeletal muscles. It is characterized by de-
creasing muscle strength following repetitive voluntary muscle
contractions. Early in the course of the disease, it commonly
involves muscles of the face and eyes and of speech, mastica-
tion, and swallowing. As the disease progresses, it may involve
the axial and peripheral muscles as well. The heart and smooth
muscle of the visceral organs are spared. Recent work has
shown that myasthenia gravis is an autoimmune disease in
which autoantibodies are produced against the acetylcholine
receptor at the muscle end plate.” The alteration in muscle end
piate function gives rise to characteristic changes in the elec-
tromyogram and explains the ability of the acetylcholinester-
ase-inhibiting drugs to improve muscie function in patients with
this disease.

Since there is a predisposition for patients with one auto-
immune disease {o develop a second autoimmune disease, re-
ports of an association between myasthenia gravis and
Graves’ disease are not unexpected. The prevalence of myas-
thenia gravis in patients with Graves’ disease is nearly 0.1%,
which is approximately 30 times greater than wouid be ex-
pected in the general population. The prevalence of Graves’
disease in patienis with myasthenia gravis is approximately
5%. Thus, it appears that there is a significant degree of over-
lap that occurs between myasthenia gravis and Graves'-type
hyperthyroidism. These two diseases have in common the
presence of specific autoantibodies directed against cell-
surface hormone receptors. In myasthenia gravis the antibody
blocks acetyicholine effects at the muscle end plate, whereas
in Graves’ disease the antibody (thyroid-stimulating immuno-
globulin) is directed against the TSH receptor of the thyroid
gland and stimulates hormone biosynthesis and cell growth
(see J. M. McKenzie, THYROID TODAY, Volume lil, Number 5,
August/September 1980). In a-dition, many of the demo-
graphic features of the affected patient populations are com-
mon to both myasthenia gravis and Graves' disease, inciuding
the age of onset, sex ratio, and genetic predisposition. The
hyperthyroidism may precede, occur simultaneously, or arise
subseguent to the development of myasthenia gravis. Some
evidence suggests that myasthenia gravis is symptomatically
worsened by the development of hyperthyroidism, but this rela-
tionship is not firmly established. The presence of myasthenia
gravis in a patient with Graves’ disease should be suspected
when the myopathic process involves the muscles of speech,
swallowing, mastication, or of the face and eyes. In contrast to
a myopathy secondary 1o the hyperthyroidism, these muscie
changes will persist after the treatment of the hyperthyroid
state. The diagnosis of myasthenia gravis can be readily con-
firmed by the administration of edrophonium chloride. A rapid

improvement in muscle weakness within one minute, which
then relapses within five to ten minutes, is strong evidence in
favor of the diagnosis. In contrast, the muscie weakness of
thyrotoxic myopathy does not respond to such testing. The
occasional occurrence of bulbar myopathy as a complication of
thyrotoxic myopathy may raise the question of the occusrrence
of myasthenia gravis in a hyperthyroid patient, which must be
excluded without delay.”

Periodic paralysis. An acute onset of flaccid paralysis
affecting the muscles of both the trunk and the extremities has
been noted in association with hyperthyroidism.” The paralysis
has a fairly rapid onset, lasts from six to 24 hours, can be pre-
cipitated by stress; it is frequently associated with hypokalemia
ranging as low as 1.5 to 2.0 mEa/L. Hyperthyroid periodic pa-
ralysis occurs most commonly in Oriental men; the occurrence
of this entity in non-Orientals is quite rare. The disease has
many features similar to the familial form of periodic paralysis
observed in euthyroid patients; however, in contrast to the lat-
ter, a strong familial association is not seen in the hyperthyroid
form of this disease. Recognizing the presence of hyperthyroid-
ism in patients with periodic paralysis is crucial since treatment
of the hyperthyroidism will almost uniformly result in cessation
of the paralytic episodes. Prior to attaining the euthyroid state,
the ingestion of large doses of potassium salts may serve to
curtail symptomatic attacks. Propranolol has been reported to
be of occasional benefit in the treatment of hyperthyroid
periodic paralysis, suggesting that catecholamines may have
some role in the development of the muscle weakness. How-
ever, the failure of reserpine to improve muscle weakness in
these patients suggests that when propranolol is effective, it is
not working via blockade of B-adrenergic receptors.

Hypothyroidism

Hypothyroidism frequently is accompanied by varying degrees
of muscle dysfunction; as many as 5% of secondary or ac-
quired myopathies can be atiributed to deficiencies of thyroid
hormone synthesis and secretion.>" The frequency with which
muscle dysfunction in hypothyroidism is recognized is related
to the extent of appreciation of the milder forms of myopathy.
There is a wide specirum of muscle dysfunction that can
accompany hypothyroidism (Figure 1). The degree of involve-
ment ranges from a delay in deep tendon reflexes, which is
almost uniformly seen in people with clinical hypothyroidism, to
varying degrees of muscie weakness, cramps, and muscle
stiffness.*"*** The most severe forms of hypothyroid myopathy,
characterized by an increase in muscie mass associated with
pseudomyotonia, has been referred to as Hoffmann's
syndrome.® The severity of the muscie dysfunction initially
may bring the patient to medical attention and obscure the di-
agnosis of the underlying hypothyroidism.
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Figure 1

Clinical spectrum of hypothyroid myopathy.



This degree of myopathy usually is observed in patients with
fong-standing hypothyroidism. For example, we recently en-
countered a 38-year-old man who complained of progressive
muscle weakness and extreme muscle fatigue, even with the
most limited activity. He experienced frequent muscle cramps,
especially of his lower extremities, that were most severe dur-
ing the evening, and he noted difficulty arising from a seated
position as well as difficulty climbing stairs. On physical ex-
amination he was alert and had striking prominence and defini-
tion of the trapezius, deltoid, and paraspinal muscles (Figure
2). Paipation of the muscles revealed them to be nontender
and firm with a doughy consistency. Objective muscle strength
testing revealed a diffuse weakness involving the proximal
muscles to a greater extent than the distal muscles. This was of

Figure 2
A 38-year-old hypothyroid man who presented with diffuse muscular
weakness. Note the prominence of the deltoid and paraspinal muscles.

sufficient severity to prevent the patient from holding his out-
stretched arms in a horizontal position for more than 30
seconds. The deep tendon reflexes were markedly prolonged
and there was percussion myoedema of the deltoids. Labora-
tory evaluation confirmed the clinical suspicion of hypothyroid-
ism: T4 < 2 ug%, TSH >50 pU/ml, and serum ieveis of
CPK=23,950 mU/mi (which is greater than 43 times the upper
limit of normal). Serum ievels of lactic dehydrogenase (LDH)
were similarly elevated. An electromyogram showed abnormal
results with the presence of repetitive positive waves. A biopsy
faken from the right vastus lateralis muscle showed marked
variation in both myofiber shape and size. Enzyme histochem-
istry test results demonstrated a predominance of type i fibers.
Electron microscopic sections from the same biopsy specimen
showed no specific changes. The patient was started on re-
placement doses of synthetic L-thyroxine. After an initial ex-
acerbation of muscle cramps, he experienced a progressive
improvement in muscle strength with resolution of the in-
creased muscle mass. Approximately four months after the
onset of therapy, he had regained normal muscle strength with
disappearance of almost ail clinical symptoms of hypothyroid-
ism. Only in retrospect, foliowing treatment, did he remember
the presence of cold intolerance, constipation, and change in
texture of his hair and skin of several years’ duration.

This case demonstrates the extent to which hypothyroidism
can affect muscle function. In the adult, the occurrence of
pseudohypertrophy of muscles, muscle weakness, and
pseudomyotonia that results from thyroid hormone deficiency
has been referred to as Hoffmann’s syndrome. in children, a
similar presentation is referred to as the “infant Hercules” or
the Kocher-Debré-Semelaigne syndrome. The basis for the in-
crease in muscle mass in these syndromes is not understood.
Some reports have suggested there is an alteration in both the
size and number of muscle fibers in the involved muscles.
However, this has not been a consistent finding; other patho-
logic studies, while occasionaily suggesting a denervation
process, do not yield any further information to explain the
observed muscle dysfunction. Similarly, electromyographic
studies are nonspecific, demonstrating multiple abnormali-
ties including the presence of positive waves, increased
insertional activity, and, occasionally, fibrillatory waves. Thy-
roid hormone replacement usually resolves all of these
abnormalities within several months to a year.

Laboratory evaluation of hypothyroid patients frequently
shows a marked elevation in the serum levels of the muscle en-
zyme CPK, suggesting the diagnosis of an inflammatory mus-
cle disease {myositis), rhabdomyolysis, or acute myocardial
infarction.” Myocardial infarction is excluded by demonstrating
that the CPK isoenzyme patiern is of skeletal muscle origin.
The degree of muscle enzyme elevation appears tc show some
correfation with both the severity of the myopathic process as
well as the duration of the hypothyroid symptoms. There is
some controversy concerning the etiologic basis for this eleva-
tion of CPK. It may represent either an increased release of the
enzyme from muscle or a failure of the enzyme to be normally
cleared from the circulation. Most characteristic, however, is
the response of serum CPK to thyroid hormone replacement.
Following institution of thyroid hormone replacement, CPK re-
turns toward normal with a half-life of approximately two weeks;
after three months of therapy, alt patients with initial elevations
of CPK return virtually to normal.’



Most studies support the concept that the change in muscle
function in hypothyroidism is due to an abnormality of the con-
tractile properties of the muscles themselves. However, there is
some evidence o suggest that altered peripheral nerve con-
duction can be a component of the hypothyroid state. The most
characteristic neuropathic syndrome that occurs in the
hypothyroid patient is compression of the median nerve at the
wrist, giving rise to a carpal tunnel syndrome. In addition, there
are reports of diffuse changes with a decrease in nerve con-
duction velocities and altered nerve histology that may account
for the occasionally distal sensory defects found in hypo-
thyroidism.'” While there are some reports of muscular pseudo-
hypertrophy and pseudomyotonia arising as a consequence of
a diffuse peripheral neuropathy, a similar etiology for the
hypothyroid myopathy has not been confirmed. Muscle biopsy
specimens from paiients with the more severe forms of
myopathy sometimes suggest the presence of denervation.

Pathophysiology

Multiple mechanisms have been postulated to explain the
abnormalities in muscle function that accompany atterations in
thyroid function. In addition to a direct effect of thyroid hormone
at the level of the muscle cell, changes in serum levels of
catecholamines, nuiritional status, alterations in nerve conduc-
tion, changes in basal body temperature, and other associated
disease states all have been implicated in the pathogenesis of
thyroid myopathy. It is well established that thyroid hormone ex-
erts its cellular action by inducing the transcription of specific
proteins at the level of the cell nucleus. Thus, the levels of the
membrane enzyme, sodium-potassium dependent adenosine
triphosphatase (Na-K ATPase}, in various organs (including
muscle) are regulated as a function of the thyroid status of the
individual.'®* Muscle Na-K ATPase is the enzyme that is re-
sponsible for the maintenance of the transmembrane gradient
of sodium and potassium and of establishing the resting mem-
brane electrical potential. As such, claims have been made that
this enzyme accounts for a substantial portion of the oxygen
consumption by the muscle at rest. Changes in Na-K ATPase
activity have been correlated with changes in muscle function,
especially in cardiac muscle. Thus, thyroid hormone may be
altering muscle function directly through modulation of cellular
levels of this enzyme.

Muscle contraction occurs as a result of the force generated
from the interaction of the two major contractile proteins, actin
and myosin. The energy for performing this work comes from
the hydrolysis of adenosine triphosphate (ATP), which is
catalyzed by the enzyme myosin ATPase; many contractile
properties of muscle correiate with the rate of ATP hydrolysis.
Recent animal studies have demonstrated that the protein
myosin exisis in a number of isoenzymic forms and that these
forms vary in their ATPase activity. When hypothyroidism is
produced by hypophysectomy, there is an associated shift in
the isoenzyme pattern towards the enzyme form having the
lowest ATPase. This change can be reversed by treatment of
the animals with L-thyroxine. Within four to five days the high
activity myosin ATPase appears, presumably as the result of
new protein synthesis.” These experimental results offer an
attractive hypothesis by which the direct effects of thyroid hor-
mone on muscle can be explained. Confirmaticn of this work by
demonstration of similar isoenzymes in human cardiac and

skeletal muscle, and the ability of thyroid hormone to affect the
enzyme distribution, will be necessary.

Summary

Disordered thyroid function can lead to alterations in the nor-
mal function of almost every organ system in the body. In addi-
tion o the more commonly recognized signs and symptoms of
thyroid disease, it has been well established that both hyper-
thyroidism and hypothyroidism can be accompanied by signifi-
cant impairments in muscle function. These thyroid myopathies
can be of varying severity and occasionally may be the pre-
senting symptom of the patient with thyroid disease.

in the setting of hyperthyroidism, the most commonly recog-
nized abnormality of skeletal muscle function is the syndrome
of proximal muscle weakness with muscle wasting. Graves’
disease may be associated with a variety of ocular muscle pal-
sies, and occasionally coexists with myasthenia gravis. Other
myopathic syndromes in hyperthyroidism inciude bulbar palsy
and periodic paralysis. Cardiac involvement in hyperthyroidism
is well documented. Thyroid hormone excess increases many
of the measures of myoccardial contractility and may result in
cardiac hyperirophy and congestive heart failure.

A wide spectrum of muscle abnormalities are observed with
clinical hypothyroidism. These range from delays in deep ten-
don reflex relaxation to the appearance of pseudohypertrophy
of muscle and pseudomyotonia. The latter is an expression of
the more severe form of hypothyroidism and may be more com-
mon than previously suspected when proper attention is
focused on muscle mass and change in muscle consistency
during physical examination. Serum levels of the muscle en-
zyme CPK are often markedly elevated in hypothyroidism. A
neuropathy may underlie some of the myopathic abnormalities
found in hypothyroid patients.

The myopathies directly related to thyroid hormone excess
or deficiency are, in general, completely reversible with ap-
propriate treatment of the underlying thyroid disorder.

Myopathies Associated With Alterations in
Thyroid Function

Hyperthyroidism Hypothyroidism

Proximal muscle weakness  Delayed deep tendon

A) Skeletal reflexes
* muscle wasting Cramps, stiffness
B) Cardiac Hoffmann’'s syndrome

» muscle hypertrophy

° glevated LVEF that
does not increase with
exercise

« congestive heart failure

Kocher-Debré-Semelaigne
syndrome
Neuropathy

Ophthalmoplegia
Myasthenia gravis
Bulbar palsy
Periodic paralysis
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