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McArdle’s Disease, or Glycogen Storage Disease Type V, is the result of a deficiency in one of
the enzymes responsible for the metabolism of glycogen in the body. Individuals with this disease,
lack or produce very small concentrations of the myophosphorylase or glycogen phosphorylase
enzyme.

McArdle’s disease is a metabolic and recessive genetic disease caused by a mutation on the
PYGM gene located on chromosome 11q13. This gene is responsible for the synthesis of the
myophosphorylase (or glycogen phosphorylase) enzyme. It is the most common form of muscular
glycogenesis. We present here the clinical case of a 35 years old woman diagnosed with McArdle’s
disease at the age of 21 after a visit to a Neurologist. It was confirmed that the patient had shown
symptoms of this disease at least 10 years before definitive diagnosis: intolerance to exercise,
asthenia and muscular weakness. In this report we describe the different signs and symptoms of
the disease, as well as the tests performed to confirm the diagnosis by muscle biopsy and genetic
analysis. McArdle's disease is classified as a rare disease and often its diagnosis is delayed due to
alack of knowledge about its symptoms and signs. Our intention is to make, with the description of
our clinical case, the information about this disease more available to physicians to prevent future
misinterpretations and delayed diagnosis. A medical documentary we have created on “McArdle’s
Disease” can be seen in YouTube using the following links: https://youtu.be/HAhoZ7jxz7Q (English
version) and https://youtu.be/uZopzSHOI20 (Spanish version).

Introduction

McArdle’s disease or Glycogen Storage Disease Type V (GSDV) is caused by a
deficiency in one of the enzymes responsible for the metabolism of glycogen in the
body. Individuals with this disease, lack or produce very small concentrations of the
myophosphorylase (or glycogen phosphorylase) enzyme. A mutation in the gene
responsible for the production of this enzyme can cause the deficiency. To date,
around 150 different disease-causing variants in PYGM have been reported [1],
with approximately half being missense variants, ~18% deletions, ~13% nonsense
variants, ~11% splice site variants and the remainder duplications or insertion/
deletion variants [2,3]. The majority of variants are located within exons and all result
in severely reduced or absent myophosphorylase enzyme activity, often as a result of
nonsense-mediated decay [4].

This disease is mostly characterized as a myopathy, affecting primarily the muscle
tissue. The myophosphate enzyme is essential for obtaining energy, as it’s deficiently
in individuals with the mutation affects primarily the capacity of the skeletal muscle to
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perform physical exercises, therefore most patients show intolerance to exercise. This
is the most common sign of muscular glycogenesis, with very characteristic clinical
and laboratory features [5].

The prevalence of this disease is currently unknown. Martin et al. [6], indicated
that the first signs seem to appear during the first decade of life, but it varies, thus
increasing the risk of misdiagnosis and diagnostic delays.

Clinical Case

A 35 years old woman was first diagnosed in a Neurology’s consultation at the
age of 21, with a delayed diagnosis of at least 10 years. The clinical signs included:
intolerance to exercise, asthenia, muscular weakness and episodes of rhabdomyolysis.
The diagnosis was established by a muscular biopsy, showing vacuolar myopathy with
negative myophosphorylase linked to McArdle’s disease or glycogen storage disease
type V (Figures 1,2). The genetic study was performed 12 years after the clinical
diagnosis: A homozygotic mutation in the PYGM gene was found, pathogenic variant
c.C148T:p.R50X.

For many years, the symptoms of this disease were misinterpreted as “lack of
motivation to physical exercise” and it was classified during different medical visits
as indepent symptoms of a psychological disorder. However, during the time previous
to the muscular biopsy, the levels of CK (creatine kinase) were already elevated at
rest (1.400 UI/L) and during crisis of rhabdomyolysis increased to very elevated
values (40.000 UI/L), that decreased after intense IV therapy, and fortunately did not
prorogue renal failure at the time.

Discussion

McArdle’s Disease is a rare disease of unknown prevalence, caused by a mutation
in the PYGM gene, located on chromosome 11q13, producing a deficit in the muscular
glycogen phospholysase enzyme, or myophosphorylase. There is no detectable activity
of this enzyme in the majority of the affected invididuals, but in a small percentage of
the patients, the enzymatic activity gets reduced to 20-30% of the normal values and
it is not totally absent. GSDV is inherited as an autonomic recessive condition, which
means that to have it, one should inherit one copy of the mutated gene from each

Figure 1: McArdle’s Disease.

Figure 2: The urine is dyed red but there are no red bloodcells in its sediment.
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parent, with a combined probability of being affected of 25%. Siblings of an affected
individual have a 50% probability of being carriers and a 25% of being not affected [7].

This disease usually debuts during the first decade of life. The clinical symptoms
are similar to any other metabolic myopathy: fatigue during exercise (mostly during
the first 10 minutes), myalgias, muscle cramps, muscle weakness and crisis of
rhabdomylysis that cannot be explained [8]. There is often observed a decrease in
symptoms after a brief period of rest, and this phenomenon is called “second wind”,
characterized by a partial recovery due to the decrease in cardiac frequency during the
rest period, allowing the individual to recover and tolerate exercise for a longer period
of time [9]. Recently, it has also been observed that younger individuals with McArdle’s
disease often present problems with mastication and oral motor function skills [10].

We believe that it is very important to acknowledge the excessive recurrence of
erroneous diagnosis, inadequate medical interventions and delayed prognosis often
associated with this disease. Despite the fact that this disease could be easily diagnosed
if known by the physician, the reality is that many cases have been misdiagnosed
during childhood and the correct diagnosis is rarely done before adult age (age 33
average diagnoses). The most common misdiagnosis included “growth pains” and
“psychiatric/psychological origin”, more commonly in women than men. Consequently,
all these patients receive an incorrect explanation of their symptoms and an incorrect
treatment, therefore delaying appropriate assessment and adequate prognosis [11].

The appearance of symptoms after exercise, particularly the isometric contraction
of muscles after weight lifting, is well known in McArdle’s disease. Brady et al. [12],
also found that even emotionally-intense situations can result in rhabdomyolysis in
patients affected with this disease, but this is not well known by many physicians and
could contribute to delays in diagnosis.

GSDV is the most common alteration of all the muscle glycogenesis, with a very
characteristic clinical and laboratory features (5): (a) elevated levels of CK (creatin
kinase) in a persistent way in the serum and at rest, with values oscillating around
1000 IU/L (reference value <200 UI/L) and (b) absence of changes in the plasma
concentration of lactate during the ischemic forearm exercise test. This test is based
on the determination of plasma concentrations of lactate and ammonium at the start
of hand exercises and after two minutes. The hand exercises consist of opening and
closing the hand of the arm where a spyhngomanometer is located. Each isometric
contraction of the hand lasts one second, and around 30 contractions are expected in
one minute. In healthy individuals, the increase of lactate during this exercise is three
to five times more with respect to the basal or control level. In patients with GSDV
however, the increase in lactate in not observed, and instead, a characteristic “flat curve
of lactate” is obtained, with the lactate to ammonium ratio decreasing after exercise. It
has been also found that in GSDV the values of ammonium in plasma greatly increase
after exercise, and therefore measuring its concentration could be as informative as
measuring the concentration of lactate [6].

Considering that the non-ischemic forearm exercise test has the same diagnostic
value as the ischemic test, today many physicians have abandoned the use of the ischemic
test due to the following inconveniences: false positives in weak or poorly-motivated
individuals, low specificity (the test can give positive values due to any other types of
blockages of glycogenosis or glucolysis), appearance of myalgias, muscle cramps and
possible myoglobinuria’s crisis or spontaneous compartment syndrome [13,14].

A cycle test is a physiological test that can also be used for the diagnosis of GSDV.
This test records the cardiac frequency to detect the pathognomonic heart rate
response observed in the second wind phenomenon. This response involves a notable
increase in cardiac frecuency (> 30-40 heart beats/min) during the first 10 minutes in
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all individuals with GSDV, when performing an exercise test with moderate intensity,
in conjunction of symptoms of mialgia and exercise-induced muscle cramps and pain,
that improve after a brief rest period or when exercise intensity is reduced. This
exercise test is sensitive, specific and simple to perform, with no posibilities of false
positives [13].

The analysis of the activity of the myophosplorylase enzyme in muscular biopsies
allows for diagnoses. The definitive diagnosis is confirmed by molecular genetic testing
for the PYGM gene, which codifies for the muscle type of the glycogen phospholysase
enzyme. Currently, this is the only gene known to be associated to GSDV (with
p-Arg50Ter and p.Gly205Ser as the more common pathogenic variants).

Although there is no cure available for this desease, the affected individuals benefit
from moderate aerobic exercise and training (for example walking or riding a bike)
to increase their cardiorespiratory and cell oxidation capacities. An active life style
can also improve their poor bone health, mostly because of its action on the lean
body mass [15]. The ingestion, before exercise, of sport drinks containing simple
carbohydrates increases the tolerance to exercise and can protect against exercise-
induced rhabdomyolysis [6].

Despite the fact that the mayority of patients with McArdle’s disease present
symptoms including fatige, cramps and episodes of myoglobinuria, the diagnose is
often delayed by several decades, and many patiens with rhabdomyolysis continue
to be undiagnosed. Half of the affected patients present a massive increase of creatine
kinase (CK) and a crisis of rhabdomyolysis with myoglobinuria (dark urine) after
intense exercise, caused by the necrosis of the muscular fibers. This situation can
increase the risk of acute renal failure and be potentially fatal. This prognosis becomes
favorable when massive rhabdomyolysis is prevented [7].
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