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Abstract
McArdle disease is a rare myopathy caused by hereditary myophosphorylase deficiency. It presents
nonspecific symptoms, such as intolerance to physical exercise, early fatigue, and myalgias, and represents a
paradigmatic example of one of the main challenges in clinical practice: the recognition of nonspecific and
common symptoms as clinically relevant manifestations of rare diseases. The nonspecificity of symptoms
leads to a frequent delay from the onset of first clinical signs to diagnosis. We present a case of McArdle
disease diagnosed in a Portuguese adult patient. We believe this report will highlight the need to enhance
knowledge and awareness about this rare pathology to diagnose and manage these patients promptly.
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Introduction
McArdle disease, or glycogen storage disease type V, is a rare autosomal recessive metabolic myopathy
caused by a deficiency of the enzyme myophosphorylase. The reported prevalence of this disease ranges
from 1:100,000 to 1:350,000. However, a study based on next-generation sequencing data suggests that the
six mutations most frequently associated with McArdle disease are present in a significantly larger number
of individuals (approximately one in 7,650) [1]. The clinical manifestations of McArdle disease - such as
exercise intolerance, muscle weakness, early fatigue, myalgias, and muscle cramps - are nonspecific and may
present from childhood onwards. These nonspecific symptoms make diagnosis challenging and often result
in diagnostic delays, with the median age at diagnosis being 33 years [2,3]. In Portugal, very few cases of
McArdle disease diagnosed in adulthood have been reported in the literature [4,5]. We discuss a case of
McArdle disease diagnosed in adulthood, highlighting the need to increase awareness and understanding of
this rare condition to enable earlier diagnosis and management of affected individuals.

Case Presentation
The patient was a 35-year-old male with a medical history of dyslipidemia, overweight (BMI of 27.8 kg/m²),
and obstructive sleep apnea syndrome. He had been on daily atorvastatin 20 mg for dyslipidemia
management for the past five months. He was also on nocturnal non-invasive ventilation. He reported a
family history (one sister) of myopathy, though the formal diagnosis was unknown to him. Their parents
were non-consanguineous. He presented to the emergency department with fatigue on minimal exertion,
myalgias, and gait claudication that had persisted for at least 10 years but markedly worsened in the past
four months. He reported that previous episodes had been underestimated, including by himself. Despite
not engaging in sports, his work involved walking approximately 6 km daily and performing anaerobic
physical tasks. Symptoms persisted stably but without improvement throughout physical activity, but
resolved with rest. He denied other complaints, toxic substance use, or recent infections.

A physical examination of the patient revealed no abnormalities. Initial bloodwork (Table 1) showed
elevated myoglobin (601 ng/mL) and creatine kinase (CK 5800 U/L) levels. Serum creatinine (0.71 mg/dL) and
liver biology enzymes (alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, and
gamma-glutamyl transferase) were within normal ranges. He was diagnosed with statin-induced
rhabdomyolysis and was discharged with instructions to discontinue atorvastatin, refrain from physical
activity, and increase oral hydration.
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Laboratory parameter Result (emergency department) Result (reassessment in the outpatient clinic) Normal range

Hemoglobin 15.2 g/dL 15.6 g/dL 12-16 g/dL

Leukocyte count 5.32 x109/L 5.63 x109/L 4.0-11.0 x109/L

Platelet count 160 x109/L 160 x109/L 150-400 x109/L

Urea 33 mg/dL 36 mg/dL <50 mg/dL

Creatinine 0.71 mg/dL 1.0 mg/dL 0.6-1.1 mg/dL

Sodium 139 mEq/L 140 mEq/L 135-145 mEq/L

Potassium 4.5 mEq/L 4.6 mEq/L 3.5-5.0 mEq/L

Creatine kinase 5800 U/L 1468 1U/L <190 U/L

Myoglobin 601 ng/mL 600 ng/mL 10-95 ng/mL

Aspartate aminotransferase 29 U/L 102 U/L <35 U/L

Alanine aminotransferase 24 U/L 103 U/L <33 U/L

Gamma-glutamyl transferase 32 U/L 32 U/L 7-32 U/L

Alkaline phosphatase 45 U/L 52 U/L 35-105 U/L

Total bilirubin 0.9 mg/dL 0.8 mg/dL <1.2 mg/dL

Triglycerides - 339 mg/dL <150 mg/dL

Total cholesterol - 301 mg/dL <190 mg/dL

LDL cholesterol - 212 mg/dL <130 mg/dL

HDL cholesterol - 42 mg/dL >40 mg/dL

TABLE 1: Summary of clinical investigation

After two weeks, during which he adhered to the given recommendations, the patient was reassessed in the
outpatient clinic. His complaints and physical examination findings were unchanged and consistent with
prior evaluations. Gowers' sign was negative, not suggesting weakness of the proximal muscles. Laboratory
analysis revealed persistent elevations in serum myoglobin (600 ng/mL) and CK (14681 U/L) and newly-
elevated alanine aminotransferase (103 U/L) and aspartate aminotransferase (102 U/L), while serum
creatinine was within reference ranges. Dyslipidemia was confirmed, with total cholesterol at 301 mg/dL,
LDL cholesterol at 212 mg/dL, HDL cholesterol at 42 mg/dL, and triglycerides at 339 mg/dL. Bloodwork
results are summarized in Table 1. Urine analysis was normal.

The patient was admitted for further evaluation and started on intravenous fluid therapy. His family history
of unspecified myopathy, associated with the persistence of clinical and laboratory abnormalities despite
statin discontinuation, heightened the suspicion of a hereditary myopathy and raised doubts about the
possibility of statin-induced rhabdomyolysis as the sole etiology. Genetic testing (multigene panel test)
identified the p.(Arg50*) variant in homozygosity in the PYGM gene, located at genomic coordinates
chr11:64527223G>A (GRCh37). This variant corresponds to transcript NM_005609 and confirms the
diagnosis of McArdle disease.

The patient did not develop acute kidney injury, hyperkalemia, myoglobinuria, hyperuricemia, or
hyperlactatemia. The increase in serum transaminases, most likely of muscular origin, was resolved without
any specific measures. Electromyography (EMG) showed no signs of residual myopathic damage, recent
inflammatory myopathy, or sensory/motor polyneuropathy. He was evaluated by Neurology, which
contributed to therapeutic guidance and outpatient follow-up planning. Progressive clinical and laboratory
improvement was observed during hospitalization, with CK levels decreasing to 1076 U/L at discharge after
10 days.

The patient was referred for evaluation by Neurology, Nutrition, and Genetic Counseling teams. He was
advised to engage in regular low-to-moderate intensity aerobic exercise while avoiding strenuous efforts
and anaerobic activity. Recommendations were also made regarding diet and hydration, emphasizing a
carbohydrate-rich diet, including simple carbohydrates consumed shortly before physical activity, and
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adequate hydration. Dietary measures aimed at improving dyslipidemia were suggested, resulting in
progressive improvement: around 12 months later, his lipid profile showed total cholesterol of 218 mg/dL,
LDL cholesterol of 173 mg/dL, HDL cholesterol of 31 mg/dL, and triglycerides of 177 mg/dL. The patient also
achieved significant weight loss, attaining a normal BMI (24.7 kg/m²). It was decided to keep the patient off
lipid-lowering medications.

Discussion
Fatigue and myalgia are nonspecific complaints that are often underestimated. When associated with
rhabdomyolysis in a patient on statin therapy, drug-induced myopathy is one possible cause, but not the
only one - as demonstrated in this clinical case. McArdle disease, or glycogen storage disease type V, is a rare
metabolic myopathy caused by mutations in the PYGM gene. This gene encodes glycogen
myophosphorylase, an enzyme essential for breaking down glycogen into glucose-1-phosphate in skeletal
muscle. Deficiency of this enzyme prevents the utilization of glycogen as an energy source during physical
activity, leading to its intracellular accumulation and impaired muscle contraction [6]. 

Characteristic clinical manifestations include exercise intolerance, muscle weakness, early fatigue, myalgias,
and muscle cramps, which may occur just seconds or minutes after initiating physical activity. The clinical
case described here illustrates these classic but nonspecific features of McArdle disease, which can be
triggered by physical activity of varying intensity. In this case, the patient developed symptoms and
rhabdomyolysis following only moderate-intensity physical activity. In McArdle disease, the second wind
phenomenon is often observed. It consists of a marked improvement in physical capacity and tolerance
several minutes after an initial period of fatigue. This improvement is due to the mobilization and
metabolism of alternative energy sources (fatty acids and serum glucose) and increased muscle blood flow
[7].

While characteristic and common, this phenomenon may occasionally be absent, as observed in this
case. Physical examination findings, such as muscle atrophy of the shoulder girdle and paravertebral muscles
or ptosis, are rarely observed in McArdle disease [2,8]. McArdle disease is almost universally associated with
rhabdomyolysis. Even at rest, patients may exhibit elevated serum CK and myoglobin levels. Rhabdomyolysis
often worsens significantly with physical activity/exercise or in the presence of other stressors (e.g., statin
use), leading to elevated serum CK and myoglobin levels, myoglobinuria, and potential progression to acute
kidney injury, hyperkalemia, and metabolic acidosis. Approximately 50% of patients experience episodes of
rhabdomyolysis and myoglobinuria induced by physical activity [9]. 

The diagnosis of McArdle disease can be confirmed via genetic testing, identifying pathogenic mutations in
the PYGM gene, or through muscle biopsy, which demonstrates absent myophosphorylase activity. Muscle
histology characteristically reveals subsarcolemmal glycogen deposits with normal structure [10]. Advances
in diagnostic tools, particularly genetic testing, have facilitated the identification of an increasing number of
PYGM gene mutations associated with McArdle disease. In the presented clinical case, the definitive
diagnosis was established by identifying one such mutation. Given the current availability and efficacy of
genetic testing panels for metabolic myopathy-associated mutations, muscle biopsy is reserved for cases
where genetic testing is unavailable or when its results are inconclusive. 

Additional laboratory findings may include a lack of serum lactate elevation during an anaerobic exercise
test and/or a marked increase in serum ammonia levels in response to exercise. Furthermore, de Luna et al.
propose that assessing leukocyte myophosphorylase expression may serve as a useful, non-invasive
diagnostic tool for McArdle disease [11], particularly when novel or clinically indeterminate genetic variants
are identified. MRI may reveal muscle atrophy and fat replacement, primarily in the paraspinal and shoulder
girdle muscles [12]. Other diagnostic tests can suggest or support the diagnosis. Patients may exhibit
persistently elevated serum CK levels, even at rest [8], as observed in this case. During anaerobic exercise,
EMG demonstrates a lack of electrical activity in contracting muscles, whereas, at rest, it may be normal or
show nonspecific changes, as in the described case. 

McArdle disease itself does not reduce the life expectancy of affected individuals [2], but it is associated with
a diminished quality of life. Currently, no specific treatment exists for McArdle disease. Gene therapy is an
area of interest, but there are currently no approved genetic treatments for this condition. To minimize
symptoms, the risk of rhabdomyolysis, and its complications, the management involves symptomatic
treatment, appropriate regulation of physical activity, and dietary and hydration measures. A carbohydrate-
rich diet may alleviate symptoms by maintaining hepatic glycogen stores and enabling the subsequent
mobilization of hepatic glucose during physical activity [13,14].

The consumption of simple carbohydrates such as sucrose (e.g., in sports drinks) before exercise can
enhance exercise tolerance, particularly during aerobic activities [15]. However, the consumption of other
fast-acting simple carbohydrates, such as glucose and fructose, does not appear to provide similar benefits
[14]. Engaging in regular low-to-moderate intensity aerobic exercise, such as walking or cycling, has
demonstrated benefits in improving exercise tolerance [16]. Controlled and consistent aerobic activity
fosters the development of mitochondrial oxidative capacity within muscle cells, leading to increased
exercise tolerance, improved ability to achieve the second wind phenomenon, enhanced endurance of
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muscle fibers with a reduced risk of myoglobinuria and rhabdomyolysis, and lower serum CK levels [17,18].

The management of dyslipidemia in these patients might be challenging. Statins should be used cautiously,
with fluvastatin, pravastatin, or pitavastatin being preferable due to their lower myopathy risk [19]. PCSK9
inhibitors appear to be effective and safe in this context and may be an appropriate option for patients with
muscle disorders or statin contraindications [20].

Conclusions
While fatigue and myalgia are nonspecific complaints that are often underestimated, McArdle disease is a
rare metabolic myopathy with nonspecific symptoms often mistaken for physical deconditioning.
Consequently, its diagnosis is frequently delayed, as exemplified in the presented case. To accurately and
promptly diagnose McArdle disease, clinicians face one of the primary challenges in medical practice:
recognizing common and nonspecific symptoms as clinically significant manifestations of rare
diseases. This report highlights the importance of raising awareness and enhancing knowledge about this
condition among healthcare professionals - including physicians, nurses, physiotherapists, and nutritionists
- to ensure early diagnosis and management, thereby improving these patients’ quality of life.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Sara Pereira, Paula Cerqueira, Sabina Azevedo, Marta Pereira, Selmira Faraldo

Acquisition, analysis, or interpretation of data:  Sara Pereira

Drafting of the manuscript:  Sara Pereira

Critical review of the manuscript for important intellectual content:  Paula Cerqueira, Sabina Azevedo,
Marta Pereira, Selmira Faraldo

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. De Castro M, Johnston J, Biesecker L: Determining the prevalence of McArdle disease from gene frequency

by analysis of next-generation sequencing data. Genet Med. 2015, 17:1002-6. 10.1038/gim.2015.9
2. Quinlivan R, Buckley J, James M, et al.: McArdle disease: a clinical review . J Neurol Neurosurg Psychiatry.

2010, 81:1182-8. 10.1136/jnnp.2009.195040
3. Scalco RS, Morrow JM, Booth S, Chatfield S, Godfrey R, Quinlivan R: Misdiagnosis is an important factor for

diagnostic delay in McArdle disease. Neuromuscul Disord. 2017, 27:852-5. 10.1016/j.nmd.2017.04.013
4. Mateus-Pinheiro A, Costa T, Esperto H, Moreira S: Valuing mundane manifestations of rare, but

underdiagnosed, diseases in Portugal: the example of McArdle disease. Acta Med Port. 2023, 36:220-2.
10.20344/amp.19315

5. Teles JS, Ramos CT, Almeida BM, Sousa AV: A case report of McArdle disease diagnosed following statin-
induced myositis. Cureus. 2023, 15:e44701. 10.7759/cureus.44701

6. Llavero F, Arrazola Sastre A, Luque Montoro M, Gálvez P, Lacerda HM, Parada LA, Zugaza JL: McArdle
disease: new insights into its underlying molecular mechanisms. Int J Mol Sci. 2019, 20:14-6.
10.3390/ijms20235919

7. Lucia A, Martinuzzi A, Nogales-Gadea G, Quinlivan R, Reason S: Clinical practice guidelines for glycogen
storage disease V & VII (McArdle disease and Tarui disease) from an international study group.
Neuromuscul Disord. 2021, 31:1296-310. 10.1016/j.nmd.2021.10.006

8. Scalco RS, Lucia A, Santalla A, et al.: Data from the European registry for patients with McArdle disease and
other muscle glycogenoses (EUROMAC). Orphanet J Rare Dis. 2020, 15:330. 10.1186/s13023-020-01562-x

9. Lucia A, Ruiz JR, Santalla A, et al.: Genotypic and phenotypic features of McArdle disease: insights from the
Spanish national registry. J Neurol Neurosurg Psychiatry. 2012, 83:322-8. 10.1136/jnnp-2011-301593

10. Joshi PR, Deschauer M, Zierz S: McArdle disease: clinical, biochemical, histological and molecular genetic
analysis of 60 patients. Biomedicines. 2020, 8:32-4. 10.3390/biomedicines8020033

11. de Luna N, Brull A, Lucia A, et al.: PYGM expression analysis in white blood cells: a complementary tool for

 

2024 Pereira et al. Cureus 16(12): e76010. DOI 10.7759/cureus.76010 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1038/gim.2015.9
https://dx.doi.org/10.1038/gim.2015.9
https://dx.doi.org/10.1136/jnnp.2009.195040
https://dx.doi.org/10.1136/jnnp.2009.195040
https://dx.doi.org/10.1016/j.nmd.2017.04.013
https://dx.doi.org/10.1016/j.nmd.2017.04.013
https://dx.doi.org/10.20344/amp.19315
https://dx.doi.org/10.20344/amp.19315
https://dx.doi.org/10.7759/cureus.44701
https://dx.doi.org/10.7759/cureus.44701
https://dx.doi.org/10.3390/ijms20235919
https://dx.doi.org/10.3390/ijms20235919
https://dx.doi.org/10.1016/j.nmd.2021.10.006
https://dx.doi.org/10.1016/j.nmd.2021.10.006
https://dx.doi.org/10.1186/s13023-020-01562-x
https://dx.doi.org/10.1186/s13023-020-01562-x
https://dx.doi.org/10.1136/jnnp-2011-301593
https://dx.doi.org/10.1136/jnnp-2011-301593
https://dx.doi.org/10.3390/biomedicines8020033
https://dx.doi.org/10.3390/biomedicines8020033
https://dx.doi.org/10.1016/j.nmd.2014.08.002


diagnosing McArdle disease?. Neuromuscul Disord. 2014, 24:1079-86. 10.1016/j.nmd.2014.08.002
12. Løkken N, Revsbech KL, Jacobsen LN, et al.: Muscle MRI in McArdle disease: a European multicenter

observational study. Neurology. 2022, 99:e1664-75. 10.1212/WNL.0000000000200914
13. Quinlivan R, Martinuzzi A, Schoser B: Pharmacological and nutritional treatment for McArdle disease

(glycogen storage disease type V). Cochrane Database Syst Rev. 2014, 2014:CD003458.
10.1002/14651858.CD003458.pub5

14. Andersen ST, Vissing J: Carbohydrate- and protein-rich diets in McArdle disease: effects on exercise
capacity. J Neurol Neurosurg Psychiatry. 2008, 79:1359-63. 10.1136/adc.2008.146548

15. Andersen ST, Haller RG, Vissing J: Effect of oral sucrose shortly before exercise on work capacity in McArdle
disease. Arch Neurol. 2008, 65:786-9. 10.1001/archneur.65.6.786

16. Haller RG, Wyrick P, Taivassalo T, Vissing J: Aerobic conditioning: an effective therapy in McArdle's disease .
Ann Neurol. 2006, 59:922-8. 10.1002/ana.20881

17. Pietrusz A, Scalco RS, Quinlivan R: Resistance exercise training in McArdle disease: myth or reality? . Case
Rep Neurol Med. 2018, 2018:9658251. 10.1155/2018/9658251

18. Kitaoka Y: McArdle disease and exercise physiology . Biology (Basel). 2014, 3:157-66.
10.3390/biology3010157

19. Catapano AL: Statin-induced myotoxicity: pharmacokinetic differences among statins and the risk of
rhabdomyolysis, with particular reference to pitavastatin. Curr Vasc Pharmacol. 2012, 10:257-67.
10.2174/157016112799305021

20. Marco-Benedí V, Jarauta E, Pérez-Calahorra S, Bea AM, Civeira F: Treatment of a high cardiovascular risk
patient with McArdle's disease with PCSK9 inhibitors. Clin Investig Arterioscler. 2019, 31:89-92.
10.1016/j.arteri.2018.11.005

 

2024 Pereira et al. Cureus 16(12): e76010. DOI 10.7759/cureus.76010 5 of 5

https://dx.doi.org/10.1016/j.nmd.2014.08.002
https://dx.doi.org/10.1212/WNL.0000000000200914
https://dx.doi.org/10.1212/WNL.0000000000200914
https://dx.doi.org/10.1002/14651858.CD003458.pub5
https://dx.doi.org/10.1002/14651858.CD003458.pub5
https://dx.doi.org/10.1136/adc.2008.146548
https://dx.doi.org/10.1136/adc.2008.146548
https://dx.doi.org/10.1001/archneur.65.6.786
https://dx.doi.org/10.1001/archneur.65.6.786
https://dx.doi.org/10.1002/ana.20881
https://dx.doi.org/10.1002/ana.20881
https://dx.doi.org/10.1155/2018/9658251
https://dx.doi.org/10.1155/2018/9658251
https://dx.doi.org/10.3390/biology3010157
https://dx.doi.org/10.3390/biology3010157
https://dx.doi.org/10.2174/157016112799305021
https://dx.doi.org/10.2174/157016112799305021
https://dx.doi.org/10.1016/j.arteri.2018.11.005
https://dx.doi.org/10.1016/j.arteri.2018.11.005

	McArdle Disease: A Diagnostic Challenge Due to Nonspecific Clinical Manifestations
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Summary of clinical investigation

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


