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Case Report 
Glycogen Storage Disease Type IX in a 6-year-old Male: 
A Case Report

Background: Glycogen storage diseases (GSDs) are a group of inherited metabolic disorders 
caused by enzyme deficiencies affecting glycogen synthesis or breakdown. Glycogen, stored 
mainly in the liver and muscles, is crucial for maintaining glucose levels during fasting or physical 
activity. GSDs lead to abnormal glycogen accumulation or impaired mobilization, causing 
symptoms, such as hypoglycemia, hepatomegaly, and muscle weakness. Each type of GSD results 
from a specific enzyme deficiency, requiring tailored management. 

Case Presentations: A case study of a 6-year-old boy with GSD type IX is presented, highlighting 
recurrent hypoglycemia, growth delay, and elevated liver enzymes. Genetic testing confirmed a 
PHKA2 mutation, and the patient’s management included frequent meals, cornstarch therapy, 
and regular liver function monitoring. The discussion emphasizes the importance of early 
diagnosis, genetic testing, and personalized treatment in managing GSDs. 

Conclusions: Future therapies, such as gene therapy and enzyme replacement, aim to address the 
root causes of GSDs rather than merely managing symptoms. Family education on hypoglycemia 
recognition and dietary restrictions is crucial for improving patient outcomes. Ongoing research 
into the molecular mechanisms of GSDs offers hope for more effective treatments, especially for 
GSD type IX, where individualized care can prevent complications like liver cirrhosis and promote 
better quality of life.
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Introduction 

lycogen storage diseases (GSDs) repre-
sent a diverse group of inherited meta-
bolic disorders that arise from deficien-
cies in the enzymes responsible for the 
synthesis or degradation of glycogen. 

Glycogen is a critical polysaccharide, stored primar-
ily in the liver and muscles, that serves as a rapid 
source of glucose when the body requires energy. 
The ability to mobilize this glucose efficiently is vital 
for maintaining blood sugar levels and providing en-
ergy during fasting or increased physical activity [1]. 
The process of glycogen formation, known as glycogen-
esis, is a multi-step pathway that begins with glucose 
being phosphorylated to glucose-6-phosphate. This is 
followed by its conversion to glucose-1-phosphate and 
subsequently to uridine diphosphate glucose, which is 
the active form of glucose used by glycogen synthase to 
elongate the glycogen chain. Branching enzymes further 
modify this structure, increasing the solubility and stor-
age capacity of glycogen [2, 3].

However, in individuals with GSDs, genetic mutations 
lead to enzyme deficiencies that disrupt these processes 
[4, 5]. The result is the accumulation of abnormal glyco-
gen or an inability to mobilize stored glycogen, leading 
to a range of symptoms that can include hypoglycemia, 
hepatomegaly (enlarged liver), muscle weakness, and 
growth retardation. Each type of GSD is associated with 
a specific enzyme deficiency and presents a unique clini-
cal profile, which necessitates a tailored approach to di-
agnosis and management [6, 7].

There are over 20 recognized types of GSDs, each 
associated with a specific enzyme deficiency affecting 
glycogen metabolism and characterized by unique 
clinical presentations. While most GSDs primarily af-
fect the liver, several types also involve other organs, 
such as muscles, heart, and nervous system. Some 
forms, such as GSD type IV (Andersen disease), can 
lead to liver cirrhosis and potentially fatal complica-
tions if untreated, due to progressive liver damage. 
Other types, notably GSD types II (Pompe disease) 
and III (Cori disease) are known for causing signifi-
cant muscle-related symptoms, including myopathy 
and cardiomyopathy, due to glycogen accumulation in 
muscle tissues. Additionally, GSD type II can result in 
neurological involvement, particularly in the infantile 
form, due to glycogen buildup in neural tissues. Thus, 
GSDs represent a diverse group of metabolic disorders 
with multi-organ implications, each necessitating spe-
cific diagnostic and management strategies [1-4].

Theoritical foundation

A comprehensive literature review was conducted 
utilizing a variety of databases, including PubMed, 
EMBASE, and the Cochrane Library, to gather relevant 
information on GSDs from the year 2000 to 2024. The 
search was guided by specific keywords, which included 
“glycogen storage disease,” “GSD type IX,” “diagnosis,” 
“treatment,” and “case presentation.” This systematic 
approach provides an in-depth exploration of the differ-
ent types of GSDs, their associated symptoms, methods 
of diagnosis, and treatment strategies.

In particular, the review placed a significant empha-
sis on GSD type IX, analyzing its unique characteristics, 
clinical presentation and variations in management 
approaches. The selection of articles was based on 
criteria that ensured a comprehensive understanding 
of both the common and rare manifestations of this 
condition, as well as the evolving treatment modali-
ties. Through this literature review, the intention was 
to identify gaps in the current research, summarize key 
findings, and ultimately enhance clinical knowledge 
regarding GSDs, especially GSD type IX, to support im-
proved patient care and outcomes.

Symptoms and treatment of GSDs

In terms of GSD type 0, the deficiency is glycogen syn-
thase and the symptoms are fasting hypoglycemia and 
ketosis, postprandial hyperglycemia, hyperlactatemia, 
and no hepatomegaly. The treatment methods are a 
high-protein diet, and cornstarch therapy [8].

GSD type I (Von Gierke’s disease) results in glucose-
6-phosphatase deficiency. The symptoms are severe hy-
poglycemia, lactic acidosis, hepatomegaly, hyperuricemia, 
hyperlipidemia, neutropenia in GSD type 1b and prone to 
adenoma. A galactose and sucrose-free diet is important 
in these patients. The treatment methods include fre-
quent small meals, corn, and Cassava starch therapy, al-
lopurinol for hyperuricemia, lipid-lowering medications, 
and granulocyte-colony stimulating factor in GSD type 1b, 
liver transplantation in severe cases [9, 10].

In terms of GSD type II (Pompe disease), the defi-
ciency includes acid α-glucosidase. The symptoms are 
cardiomyopathy, hypotonia, muscle weakness, central 
nervous syndrome involvement, and respiratory fail-
ure. The treatment methods are enzyme replacement 
therapy with α glucosidase, respiratory support, physi-
cal therapy, and gene therapy [11-13]. 

G
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In terms of GSD type III (Cori disease), the deficiency in-
cludes debranching enzyme and the symptoms are fasting 
hypoglycemia, hepatomegaly, myopathy and cardiomyopa-
thy. Treatment methods are high-protein diet, cornstarch 
therapy, and regular cardiac monitoring [14, 15].

In terms of GSD type IV (Andersen disease), the de-
ficiency is in branching enzyme and the symptoms are 
hepatosplenomegaly, liver cirrhosis and muscle weak-
ness. Meanwhile, the treatment methods are symp-
tomatic management, and liver transplantation for pro-
gressive liver disease [8, 16].

In terms of GSD type V (McArdle’s disease), the deficiency 
is in muscle glycogen phosphorylase and the symptoms are 
exercise intolerance, muscle cramps, and myoglobinuria. The 
treatment methods are moderate exercise, high-protein diet, 
and creatine supplementation [17-19]. Glucose administra-
tion before exercise is needed.

In terms of GSD type VI (Hers disease), the symptoms 
are hepatomegaly, mild hypoglycemia, and growth re-
tardation. Meanwhile, the treatment method is a high-
protein, high-carbohydrate diet with frequent small 
meals to maintain blood sugar levels [8, 20].

In terms of GSD type VII (Tarui disease), the symptoms 
are exercise intolerance, muscle cramps, myoglobinuria, 
and hemolytic anemia and the treatment methods are 
avoiding strenuous exercise, a high-protein diet, and 
glucose administration during exercise [19].

GSD type IX (GSD IX) is among the most common 
GSDs, resulting from a deficiency in phosphorylase 
kinase (PhK), an enzyme essential for glycogen break-
down. It is primarily inherited in an X-linked recessive 
pattern, affecting males more frequently, though some 
forms can be autosomal recessive, affecting both sexes. 
The hallmark symptoms of GSD IX include hepatomega-
ly (enlarged liver), growth retardation and mild hypogly-
cemia. Hepatomegaly arises due to glycogen accumula-
tion in the liver, often detected early in childhood, while 
growth delays stem from episodes of hypoglycemia and 
the body’s inability to efficiently access stored glycogen. 
Mild hypoglycemia is typically managed well but can 
worsen during illness or prolonged fasting. In rare cases, 
particularly with mutations affecting the muscle iso-
form of PhK, individuals may experience muscle weak-
ness and exercise intolerance. 

Treatment focuses on dietary management to stabilize 
blood glucose levels and support growth. A high-carbohy-
drate, high-protein diet, frequent meals, and cornstarch 

therapy are central to this approach. Protein supports 
growth and provides substrates for gluconeogenesis, 
while uncooked cornstarch acts as a slow-release carbo-
hydrate, helping maintain glucose levels overnight and 
reducing nocturnal hypoglycemia. With these dietary 
interventions, many children with GSD IX experience sig-
nificant symptom improvement, often outgrowing some 
symptoms, such as hepatomegaly and growth delays, by 
adolescence. Regular follow-up is essential for monitor-
ing liver function, growth, and overall metabolic health, 
allowing most individuals with GSD IX to lead relatively 
normal lives with few severe complications [8].

GSD IXa is a glycogen storage disorder caused by 
mutations in the PHKA2 gene, located on the Xp22.13 
chromosomes, which follows an X-linked recessive in-
heritance pattern. The subtypes are GSD IXa1 (XLG1) 
which primarily affects the liver and blood and GSD 
IXa2 (XLG2) which predominantly affects the liver and 
is recognized as the most common form of GSD IXa. 
The symptoms of GSD IXa include the following items: 
Hypoglycemia which is a condition characterized by 
abnormally low blood glucose levels, often leading to 
fatigue, confusion, and irritability; ketosis which is the 
production of ketone bodies due to increased fat me-
tabolism, occurring when glucose availability is limited; 
hepatomegaly which is the enlargement of the liver, 
which can lead to abdominal swelling and discomfort; 
chronic liver disease that is long-term liver dysfunction 
that may progress to cirrhosis or other liver-related 
complications; liver fibrosis which is the excessive ac-
cumulation of extracellular matrix proteins, leading to 
scarring of liver tissue; hyperlipidemia is an increase in 
lipid levels in the bloodstream, which can contribute to 
cardiovascular problems; elevated liver enzymes which 
is the increased levels of liver enzymes in the blood, in-
dicating liver inflammation or damage; growth retarda-
tion which is the delayed growth and development in 
children, often requiring monitoring and intervention.

Meanwhile, the symptoms of GSD IXa can vary in se-
verity, and early diagnosis is crucial for managing the 
condition and minimizing complications. Management 
often includes dietary modifications, glucose supple-
mentation, and monitoring of liver function to mitigate 
the impact of the disorder on overall health [21].

GSD type IXb (GSD IXb) is a metabolic disorder caused 
by mutations in the PHKB gene, located on the 16q12.1 
chromosome and it follows an autosomal recessive in-
heritance pattern. This condition is characterized by ab-
normal glycogen metabolism due to the dysfunction of 
the glycogen PhK enzyme, which plays a critical role in 
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glycogen breakdown. The affected tissues are the liver 
and muscle tissues, resulting in a range of metabolic dis-
turbances. The symptoms of GSD IXb can vary among in-
dividuals but typically includes the following symptoms: 
Hepatomegaly is the most common symptom and refers 
to the enlargement of the liver and can lead to abdomi-
nal swelling and discomfort, as well as potential compli-
cations related to liver function; growth retardation is 
that children with GSD IXb often experience growth de-
lays, which can affect overall physical development and 
this may necessitate nutritional interventions and regular 
monitoring of growth parameters to ensure that affected 
individuals meet developmental milestones; mild or ab-
sent muscle disease is that unlike some other forms of 
GSD, muscle involvement in GSD IXb is usually mild or 
may be absent altogether, and affected individuals may 
not exhibit significant muscle weakness or pain, and their 
muscle function can remain relatively intact [22].

GSD type IXc (GSD IXc) is a metabolic disorder resulting 
from mutations in the PHKG2 gene, located on chromo-
some 16p11.2, and it follows an autosomal recessive 
inheritance pattern. This condition is characterized by 
a deficiency in glycogen PhK, which is essential for the 
regulation of glycogen metabolism, leading to abnormal 
accumulation of glycogen in tissues, particularly in the 
liver. The affected tissues are the liver, where the patho-
logical processes of glycogen accumulation manifest in 
various ways. The clinical features of GSD IXc tend to 
be more severe compared to other forms, particularly 
GSD IXa2 and can include the following items: Marked 
hepatomegaly which is related to individuals with GSD 
IXc typically presents with significant liver enlargement 
due to the accumulation of glycogen this enlargement 
can cause abdominal distension and discomfort and it 
may have implications for liver function; recurrent hy-
poglycemia is the hallmark of GSD IXc, recurrent epi-
sodes of low blood glucose levels can occur, especially 
during fasting or periods of increased physical activity 
and symptoms of hypoglycemia may include irritability, 
confusion, fatigue and in severe cases, seizures or loss 
of consciousness; hyperlipidemia is an increase in lipid 
levels in the blood is often observed, which can con-
tribute to metabolic complications and cardiovascular 
risks and this occurs as the body attempts to mobilize 
fat stores due to impaired glycogen metabolism; mark-
edly elevated liver enzymes is that liver function tests 
typically reveal significantly increased levels of liver 
enzymes, indicating hepatocellular damage or inflam-
mation and this can be a critical sign of the disease’s 
progression and severity; liver fibrosis/cirrhosis is that 
over time, the chronic accumulation of glycogen and re-

sultant liver damage may lead to fibrosis, which is the 
excessive formation of connective tissue, potentially 
progressing to cirrhosis, meanwhile, cirrhosis can result 
in serious complications, including portal hypertension 
and liver failure [23].

GSD type IXd (GSD IXd) is a rare metabolic disorder 
caused by mutations in the PHKA1 gene, located on the 
Xq13.1 chromosome and it follows an X-linked reces-
sive inheritance pattern. This condition primarily affects 
muscle tissue, leading to disturbances in glycogen me-
tabolism that manifest in various symptoms, especially 
during physical activity. GSD IXd predominantly impacts 
muscle, where the impaired function of glycogen PhK 
disrupts normal glycogen utilization during exercise. 
The clinical presentation of GSD IXd is characterized by 
several key features as follows: Cramps and exercise 
intolerance is that individuals with GSD IXd commonly 
experience muscle cramps during physical exertion and 
this occurs due to the inability to adequately mobilize 
glycogen stores for energy production during exercise, 
leading to muscle fatigue and discomfort; middle age 
onset is that symptoms of GSD IXd typically begin to 
manifest in middle adulthood, which can delay diagno-
sis and this late-onset can complicate recognition, as 
individuals may attribute symptoms to normal aging or 
other conditions; raised creatine kinase levels is that Pa-
tients often present with elevated serum creatine kinase 
levels, which indicate muscle damage or stress, mean-
while, elevated creatine kinase is a common marker in 
muscle disorders and is used in the diagnostic process 
to evaluate muscle integrity; normal red cell and liver 
PhK activity is the one distinguishing feature of GSD IXd 
that red blood cell liver glycogen PhK activity remains 
normal and this contrasts with other GSDs where PHK 
activity may be significantly reduced or absent in these 
tissues, in addition, the preservation of PHK activity in 
red blood cells and liver is a critical factor for differentiat-
ing GSD IXd from other related disorders [24].

In terms of GSD XI (Fanconi-Bickel syndrome), the glucose 
transporter 2 is affected and the symptoms are hepatomeg-
aly, glucose and galactose intolerance, fasting hypoglycemia, 
proximal tubular nephropathy, and severe short stature. 
Meanwhile, there is no specific treatment [25].

Case Presentation

The patient in this case is a 6-year-old boy, the first child 
of an unrelated family. He was born with a birth weight 
of 2800 g through a natural vaginal delivery. At the age of 
4 months, he began experiencing hypoglycemic attacks, 
which were concerning and required medical evaluation. 
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During this time, episodes of metabolic acidosis and sei-
zures were also noted, prompting further investigation.

Laboratory findings

Laboratory evaluations during hypoglycemic episodes re-
vealed elevated lactate levels and findings consistent with 
metabolic acidosis. Despite a normal liver size reported by 
the age of 3 years, hepatomegaly developed thereafter, rais-
ing suspicion of an underlying metabolic disorder. Further di-
agnostic work revealed elevated liver enzymes and abnormal 
lipid profiles, suggesting a metabolic disturbance.

Imaging studies and additional biochemical testing failed to 
identify a specific disorder. The patient had been treated for 
a long time under the suspicion of organic acidemia, with in-
conclusive results from urine organic acid analysis and other 
metabolic evaluations. Whole-exome sequencing was re-
quested to identify the underlying condition.

Genetic findings

Genetic testing ultimately confirmed the presence of a 
pathogenic variant in the PHKA2 gene, leading to the di-
agnosis of GSD IX. This condition is characterized by the 
body’s inability to properly metabolize glycogen, result-
ing in hepatic involvement, hypoglycemia, and growth 
abnormalities. This diagnosis explained the patient’s 
clinical symptoms and guided future management and 
treatment strategies tailored to his condition.

The case underscores the diagnostic challenges asso-
ciated with non-specific clinical features and inconclu-
sive initial evaluations. Differential diagnoses included 
inborn errors of metabolism, mitochondrial disorders, 
and rare endocrine conditions. Targeted genetic testing 
(e.g. whole-exome sequencing) and thorough metabol-
ic evaluations were essential in reaching the diagnosis. 
Eventually, GSD IX should be considered in any patient 
presenting with recurrent hypoglycemia, metabolic aci-
dosis, and inconclusive metabolic evaluations.

Discussion

This case of a 6-year-old male with GSD type IX offers 
valuable insights into the variability and complexity of 
GSDs. GSD type IX, caused by mutations in the PHKA2 
gene that encodes the α subunit of phosphorylase ki-
nase, typically presents with milder symptoms com-
pared to other GSDs. However, as demonstrated in this 
case, the disease can still lead to significant clinical chal-
lenges, including recurrent hypoglycemia, hepatomega-
ly, and growth retardation [22].

The stepwise diagnostic approach starts with labora-
tory assessments, including liver function tests, blood 
glucose levels, lactic acid, triglycerides, and uric acid, as 
these markers can provide initial clues. However, con-
firming GSD IX relies heavily on genetic testing, with next-
generation sequencing or targeted gene panels able to 
detect mutations in the PHKA2 gene, which encodes the 
α subunit of PhK [4]. A confirmed genetic diagnosis not 
only validates the clinical suspicion but also guides the 
management plan, including dietary adjustments. Liver 
biopsy is less commonly required now but may still be 
performed in certain cases to assess enzyme activity, par-
ticularly in challenging diagnostic scenarios [26].

Once diagnosed, GSD IX management requires a 
multidisciplinary approach with regular follow-up to 
monitor liver, cardiac, and neurologic health, as these 
systems can be variably affected. Liver function tests 
and imaging (such as ultrasound) should be conducted 
periodically to monitor hepatomegaly and assess for 
fibrosis, especially since liver enlargement and related 
complications can persist into adulthood in some cases. 
Growth monitoring is essential, as growth retardation 
may persist without strict dietary management. Car-
diac evaluation, including echocardiography, is recom-
mended since GSD IX can sometimes impact cardiac 
function, even if asymptomatic initially. Neurological as-
sessments, although less critical in GSD IX than in other 
forms, may be warranted if the patient exhibits devel-
opmental delays or muscle weakness [27].

This case illustrates that a personalized approach to di-
etary management, including a high-carbohydrate and 
high-protein diet with frequent meals and cornstarch 
therapy, is essential to stabilize blood glucose and sup-
port growth. Educating the family about recognizing 
hypoglycemia symptoms is crucial, as acute episodes 
can have significant effects on the child’s development 
and quality of life [28]. The potential for advanced treat-
ments, such as gene therapy and enzyme replacement 
therapy, also presents exciting prospects for the future, 
aiming to address the disease’s root cause rather than 
merely managing its symptoms. Research into the mo-
lecular mechanisms of GSD continues to expand thera-
peutic possibilities, offering hope for improved out-
comes in GSD type IX and other forms of GSDs [29].

Conclusion

GSD type IX represents a less severe but still signifi-
cant form of GSD. The case discussed demonstrates 
the importance of early genetic diagnosis, personalized 
dietary management, and continuous monitoring to 
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prevent complications. Advances in research, including 
gene therapy and enzyme replacement therapy, offer 
promising future treatment options that may further 
improve outcomes for patients with GSD type IX.

Lifelong dietary management and regular monitoring 
are essential to prevent complications like liver cirrho-
sis and growth failure. In metabolic diseases, potential 
future treatments may include gene therapy or new 
enzyme replacement therapies. Educating the family on 
disease management, dietary restrictions, and hypogly-
cemia symptoms is crucial for effective home care and 
improving the patient’s quality of life. Ongoing research 
into genetic therapies and personalized medicine offers 
hope for more effective treatments for GSD type IX and 
other metabolic disorders.
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