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About the Study
Inherited metabolic disorders are a group of genetic 
conditions that result from defects in specific enzymes 
or transport proteins, disrupting normal metabolic 
processes. These disorders are often due to single-
gene mutations that lead to the accumulation or 
deficiency of substrates, intermediates, or products 
in metabolic pathways. The resultant biochemical 
imbalances can affect various tissues and organs, 
leading to a wide range of clinical manifestations 
[1]. Inherited metabolic disorders typically involve 
mutations in genes encoding enzymes responsible 
for the metabolism of carbohydrates, proteins, fats, 
or other essential biomolecules. When a particular 
enzyme is deficient or non-functional, the metabolic 
pathway it controls is disrupted. This can result in the 
accumulation of toxic substances or a deficiency in 
essential products, both of which can have detrimental 
effects on cellular function and overall health [2]. One 
of the primary ways these disorders happen through 
the accumulation of toxic metabolites. For instance, 
in Phenylketonuria (PKU), a deficiency in the enzyme 
phenylalanine hydroxylase leads to the buildup of 
phenylalanine. High levels of phenylalanine can be 
neurotoxic, leading to intellectual disability, seizures, 
and behavioral problems if not managed through 
dietary restrictions. Similarly, in Maple Syrup Urine 
Disease (MSUD), defects in the enzymes responsible 
for breaking down branched-chain amino acids cause 
these amino acids and their toxic by-products to 
accumulate, resulting in severe neurological damage 
and potentially life-threatening metabolic crises [3].
Inherited metabolic disorders can also cause disease 
through the deficiency of vital compounds. For 
example, in glycogen storage diseases, mutations in 
enzymes involved in glycogen metabolism result in 
inadequate glucose production during fasting states. 

This can lead to hypoglycemia, muscle weakness, 
and organ dysfunction [4]. In other cases, such as 
in certain types of mucopolysaccharidoses, the 
inability to degrade glycosaminoglycans leads to their 
accumulation within lysosomes, causing cellular and 
tissue damage that appears as delays in development, 
organomegaly, and skeletal abnormalities [5]. 
The clinical presentation of inherited metabolic 
disorders is often complex and can vary widely, even 
among individuals with the same genetic mutation. 
Newborns may appear normal at birth, but symptoms 
often develop as metabolic demands increase with 
feeding or illness [6]. In some cases, symptoms may be 
worsening by fasting, stress, or other environmental 
factors that exacerbate the underlying metabolic 
defect. Early signs can include poor feeding, vomiting, 
lethargy, and failure to thrive. As the disorder 
progresses, more specific symptoms related to the 
affected metabolic pathway become apparent, such 
as developmental delays, neurological impairments, 
hepatomegaly, cardiomyopathy, or renal dysfunction 
[7].
Diagnosis of inherited metabolic disorders typically 
involves a combination of clinical evaluation, 
biochemical testing, and genetic analysis. Biochemical 
tests can detect abnormal levels of metabolites in 
blood, urine, or other body fluids, providing clues 
to the specific metabolic pathway affected. Enzyme 
assays can directly measure the activity of possible 
insufficiency of enzymes. Genetic testing can identify 
mutations in the genes encoding these enzymes, 
confirming the diagnosis and allowing for carrier 
testing and prenatal diagnosis in affected families [8]. 
Management of inherited metabolic disorders often 
requires a multidisciplinary approach, including 
dietary modifications, pharmacological interventions, 
and supportive therapies. Dietary management is 
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an important treatment for many of these disorders 
[9]. For example, individuals with PKU must follow 
a low-phenylalanine diet to prevent the buildup of 
phenylalanine and its toxic effects. In other disorders, 
such as Medium-Chain Acyl-Coa Dehydrogenase 
Deficiency (MCADD), avoiding fasting and consuming 
frequent, carbohydrate-rich meals can help maintain 
metabolic stability. Some inherited metabolic disorders 
respond to specific medications that either replace the 
deficient enzyme or modify the metabolic pathway 
to reduce the accumulation of toxic metabolites [10]. 
For example, Enzyme Replacement Therapy (ERT) has 
been successful in treating certain lysosomal storage 
disorders, such as gaucher disease and fabry disease, 
by providing the missing enzyme to break down 
accumulated substrates. Additionally, some disorders 
may benefit from cofactor supplementation, which can 
enhance residual enzyme activity. 
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