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Abstract

Inborn errors of metabolism (IEMs) are a diverse group of uncommon genetic disorders resulting from mutations
in individual genes that encode enzymes participating in metabolic processes. These anomalies result in the
accumulation of harmful substrates or a deficiency of essential products, leading to a diverse array of clinical
symptoms that typically present in the neonatal or early childhood period. This study discusses the definition,
classification, genetic and molecular basis, clinical manifestations, diagnostic methods, and management
approaches related to IEMs. It stresses how important it is to detect these problems early, especially through
newborn screening programs, and talks about how medical laboratory scientists may help find and keep an eye on
them. The paper also talks about the problems that come up in places with less resources, such as delays in getting
diagnoses, a lack of infrastructure, and limited access to current medicines. Next-generation sequencing (NGS),
gene therapy, and metabolic newborn screening are some of the emerging technologies that are being spoken about
as important tools that will shape the future of IEM diagnosis and treatment. Lastly, the paper stresses the need for
better public health policies, ongoing research, and collaboration amongst many fields to enhance early detection,
intervention, and long-term outcomes for people who are impacted.
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INTRODUCTION

Inborn Errors of Metabolism (IEMs) are a set of very rare genetic illnesses that happen when there are mistakes in the
genes that code for particular metabolic enzymes, transporters, or cofactors. Genetic metabolic diseases can manifest a
diverse array of symptoms by disrupting biochemical pathways, resulting in the accumulation of potentially deleterious
substrates or deficiencies in vital products [1]. The majority of instances of IEMs are transmitted through an autosomal
recessive inheritance pattern; nevertheless, there have been documented cases of X-linked and mitochondrial variants [2].
The pathophysiology of IEMs often entails enzyme blockages that hinder the metabolism of carbohydrates, amino acids,
fatty acids, nucleotides, and other substances. The buildup of intermediate metabolites induced by this enzymatic failure
might hurt important organs like the kidneys, brain, liver, and heart. Newborns and babies with inadequate metabolic
reserves are especially susceptible, as this condition may disrupt anabolic processes or result in energy deficiency [3].
People usually call IEMs "metabolic pathway disorders." For example, a lack of medium-chain acyl-CoA dehydrogenase
affects the breakdown of fatty acids, a lack of methylmalonic acidemia affects the breakdown of organic acids, a lack of
phenylketonuria affects the breakdown of carbohydrates, and a lack of galactosemia affects the breakdown of carbohydrates

[4].

It has been estimated that the overall incidence of [EMs ranges from 1 in 800 to 2,500 live births, contingent upon the
population and the spectrum of illnesses examined [5]. This number could change a lot, but each one is rare. Genomic
technology and neonatal screening programs have made it feasible to find cases earlier, which has led to better results. This
is making it possible to diagnose people more quickly and make treatment programs that are more tailored to each person.
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Inborn Metabolic Errors (IEMs): The Fundamental Biochemical Concepts

Inherited metabolic errors (IEMs) are mostly attributable to dysfunctions in particular biochemical pathways responsible
for the synthesis, degradation, or transformation of biomolecules essential for normal cellular function. Comprehending
the metabolic foundations of these illnesses is essential for assessing the clinical manifestations, directing diagnostic
enquiries, and formulating suitable therapeutic strategies. One of the main problems with IEMs is that they upset the
delicate balance between metabolic flow and homeostasis inside cells and organs. This happens when enzymes don't work
properly [6].

A living thing's metabolism is made up of two types of pathways: metabolic pathways, which break down molecules to
release energy, and anabolic pathways, which make the compounds that are needed to stay alive [7]. Enzymes, which are
protein catalysts, make these processes easier by lowering the amount of energy needed to start them. Hereditary mutations
in the genes that code for enzymes can lead to enzymes that are missing, broken, structurally aberrant, or not working. This
leads to a metabolic barrier, which stops the path at a crucial point for patients with [EMs [8].

There are three main biochemical effects of enzyme problems: toxic substrates pile up around the block, there aren't enough
downstream products that are needed, and additional metabolic pathways that are often damaging are started.
Phenylketonuria (PKU) is marked by an excess of phenylalanine and a deficiency in tyrosine production resulting from the
lack of phenylalanine hydroxylase. Neurotoxicity may manifest in individuals with untreated PKU. Likewise, in urea cycle
disorders resulting from an inability to excrete nitrogenous waste, hyperammonemia presents a direct risk to cerebral
integrity [9].

Cofactor dependency is another important biological idea in IEMs. Minerals and vitamins are types of chemicals that are
not proteins yet are nevertheless needed for many enzymes to work properly. If there is a problem with their binding or
manufacturing, a deficit of these cofactors, such as an enzyme shortfall, could show up as symptoms. For instance,
methylmalonic acidemia may arise from disturbances in the metabolism of cobalamin (vitamin B12), an enzyme cofactor,
or from mutations in the methylmalonyl-CoA mutase enzyme alone [10].

Additionally, IEMs might influence more than one organ since metabolic pathways are systemic. Muscles, the brain, and
the liver are especially at risk since they need a lot of energy to work. For instance, in organic aciduria metabolic crises,
the effects wear off fast. In lysosomal storage disorders, on the other hand, the gradual buildup of macromolecules that
haven't broken down causes cells to stop working over time [11].

One trait of IEMs is that they can alter over time. Unlike many congenital anomalies, the clinical manifestations of IEMs
may not present at birth but rather at a later age due to environmental variables such as food, illness, or physiological
stresses. Due to the manifestation of symptoms associated with illnesses impacting intermediate metabolism solely during
periods of catabolic stress, a heightened level of suspicion must be preserved during diagnostic evaluations [12].
Finally, breakthroughs in biochemical methods have profoundly transformed how we find biochemical problems in IEMs.
Gas chromatography, high-performance liquid chromatography, tandem mass spectrometry, and nuclear magnetic
resonance spectroscopy are some of these methods. These technologies measure metabolites in human fluids and tissues,
which makes it possible to diagnose, monitor, and evaluate therapies early on [13].

The Importance of Clinical Medicine

Inborn Metabolic Errors (IEMs) constitute a significant and growing domain in clinical medicine because to its complexity,
heterogeneity, and influence on mortality and morbidity, especially in paediatric and neonatal populations. Even though
individual IEMs are uncommon, metabolic decompensation, developmental delay, neurological abnormalities, and failure
to thrive significantly contribute to critical care presentations and hospitalisations in children. Early detection and
intervention for IEMs can enhance patient outcomes by diminishing the risk of permanent organ damage or mortality [14].
IEMs are very useful in the clinic because they can impact people of all ages and show up in many different organ systems.
These illnesses can cause newborns to have quick and sometimes fatal crises, children to grow slowly or not at all, and
adults to have organs that don't work properly for a long period. Many inborn errors of metabolism (IEMs) can be treated
with specific treatments such dietary changes, enzyme replacement, substrate reduction, or cofactor supplementation.
Therefore, it is important to find them in order to get the best results. A liver transplant may rectify urea cycle disorders,
and prompt dietary management can avert cognitive decline in phenylketonuria (PKU) [15].

Expanded newborn screening (NBS) programs have also made it much easier to find IEMs. Tandem mass spectrometry
(MS/MS) may now be used to find several metabolic problems in newborns who don't have any symptoms. This lets
doctors start treatment before symptoms show up to avoid serious repercussions. This is especially important in low- and
middle-income countries, where diagnostic delays often mean that people miss out on treatment [16].
Moreover, molecular and pharmacological examinations of IEMs have yielded significant insights into human physiology
and pathology. Utilising various IEMs as "natural knockouts" of metabolic pathways facilitates in vivo investigations of
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enzyme activity and regulatory mechanisms. Consequently, they remain crucial in guiding research in genomics,
proteomics, and systems biology [17].

In this age of personalised medicine, when genome sequencing methods are becoming easier to get, the need of IEMs is
even more clear. Whole exome sequencing (WES) and next-generation sequencing (NGS) have created new opportunities
in medicine, such as finding new metabolic syndromes, getting better diagnostic results in patients with illnesses that were
not previously known, and finding more phenotype-genotype connections. In addition to aiding accurate diagnosis, this
also impacts genetic counselling, familial screening, and reproductive planning [18].

Hierarchical Classification of Themed Inherited Metabolic Disorders

Most of the inherited illnesses that mess up normal metabolic processes are called inborn errors of metabolism (IEMs).
These abnormalities are usually caused by a lack of enzymes or a problem with transporter proteins. We can classify IEMs
into general groups depending on the metabolic route they interfere with, even though they can be very different from each
other. Organic acidemias, abnormalities of fatty acid oxidation, flaws in the urea cycle, mitochondrial diseases,
carbohydrate metabolism disorders, and amino acid metabolism disorders are some of the most prevalent and clinically
important groupings. These classifications help us understand the causes, symptoms, and ways to treat each disease [19].

Issues with Carbohydrate Absorption

An issue with glucose metabolism can happen if there is not enough of an enzyme that helps break down, make, or store
carbohydrates. These illnesses often lead to hypoglycemia, lactic acidosis, hepatomegaly, and neurological dysfunction
because they make it harder for the body to make or use energy effectively. Some hereditary diseases can cause enzymes
that help make or break down glycogen to not work properly. Glycogen storage disorders (GSDs) are one example of this.
GSD Type I, also known as von Gierke disease, is caused by a lack of glucose-6-phosphatase. It shows up as severe fasting
hypoglycemia with lactic acidosis [20].

Another dangerous condition is galactosemia, which is caused by changes in the GALT gene, which makes galactose-1-
phosphate uridyltransferase. People with this disease can't digest the sugar galactose in milk, thus galactitol and galactose-
1-phosphate build up in their bodies and become poisonous. If this sickness isn't recognised and treated right away with
dietary restrictions, it could lead to intellectual disability, cataracts, and liver problems [21].

Certain illnesses can be stopped from having permanent effects by finding them early and controlling their diet. In genetic
fructose intolerance, the buildup of fructose-1-phosphate stops gluconeogenesis and glycogenolysis because there isn't
enough aldolase B. As a result, diets high in fructose can lead to low blood sugar, vomiting, and liver failure [22].

Issues with Amino Acid Metabolism

Amino acid metabolism disorders arise from enzyme deficiencies that degrade or modify amino acids. Because of these
abnormalities, harmful intermediates build up and important metabolic products are missing. Some of the symptoms that
might happen in different ways depending on the route in issue are metabolic acidosis, developmental delay, seizures, and
vomiting [23].

Phenylketonuria (PKU) is a recognised amino acidopathy caused by a deficit in the enzyme phenylalanine hydroxylase,
which catalyses the conversion of phenylalanine to tyrosine. High quantities of phenylalanine are harmful to the brain and
can cause intellectual damage unless phenylalanine is limited in the diet early on. Maple syrup urine disease (MSUD) is
another well-known condition caused by a problem with the branched-chain a-ketoacid dehydrogenase complex. The
buildup of the branched-chain amino acids leucine, isoleucine, and valine with their ketoacids [24] causes a sweet-smelling
urine and serious neurological problems. Homocystinuria is a disorder marked by elevated homocysteine levels and
frequently results from a deficiency in cystathionine B-synthase. It is linked to complications in blood vessels, eyesight,
and cerebral function. If problems are found early enough, they can be treated or avoided with dietary changes, vitamin
B6, or folate [25].

Acidemias caused by chemicals

Organic acidemias, or organic acidurias, are a set of inherited metabolic illnesses (IEMs) that happen when non-amino
organic acids build up in bodily fluids. These diseases usually come from problems with how the body uses carbs, lipids,
or amino acids. These abnormalities can cause metabolic acidosis, hyperammonemia, neutropenia, and developmental
delay in newborns and young babies [26].

Methylmalonic acidemia (MMA) is a severe form of the disorder resulting from mutations in the methylmalonyl-CoA
mutase gene and other genes associated with vitamin B12 metabolism. A buildup of methylmalonic acid can lead to
metabolic crises, renal impairment, and harm to the nervous system [27].
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Propionic acidemia, resulting from a deficiency of propionyl-CoA carboxylase, clinically presents as hyperammonemia,
cardiomyopathy, and significant metabolic acidosis. When there is too much isovaleric acid in the urine, it smells like
"sweaty feet." This is a sign of isovaleric acidemia, a condition that causes leucine to break down. Some of the symptoms
are trouble breathing, headaches, and throwing up. To improve patient outcomes, it is important to quickly find and treat
patients with organic acidemias. Most of the time, this means eating less protein, taking carnitine or glycine supplements,
and avoiding things that cause catabolic stress [28].

How to Diagnose

Diagnosing inborn errors of metabolism (IEMs) necessitates a systematic and multidisciplinary approach owing to the
complexity and diversity of these disorders [29]. It is very important to diagnose them early and keep a high level of
suspicion because their clinical indications are often vague and surprising, especially in premature infants and newborns.
Three main steps make up a normal diagnostic process: forming a clinical suspicion based on the patient's history and
physical findings, completing preliminary laboratory screening, and finally, confirming diagnostic tests [30].

Conclusion

Inborn metabolic abnormalities are a complicated group of genetic diseases that need to be found early, diagnosed with
particular tests, and treated by a team of doctors for the rest of their lives. We know a lot more about the molecular
foundation and treatments for many diseases than we did before, but there are still big gaps in what we know, how much
it costs, and how easy it is to get. Advances in gene therapy and next-generation sequencing have made people more
hopeful about finding a lasting cure. We need to put money into research, make our public health system better, and fight
for more fair laws so that people all across the world can access new tools for diagnosing and treating diseases.

References

1. Baker, J. J., & Burton, B. K. (2021). Diagnosis and clinical management of long-chain fatty-acid oxidation disorders:
A review. TouchREVIEWS in Endocrinology, 17(2), 108—111.

2. Hergenrother, S., Husein, M., Thompson, C., Kalina, E., & Raina, R. (2025). Updated gene therapy for renal inborn

errors of metabolism. Genes, 16(5), 516.

Jeanmonod, R., Asuka, E., & Jeanmonod, D. (2023). Inborn errors of metabolism. In Stat Pearls. StatPearls Publishing.

4. Bonham, J. R., Pollitt, R. J., & Green, A. (2018). Neonatal screening for inborn errors of metabolism: A systematic
review. Health Technology Assessment, 22(63), 1-204.

5. Chen, H. A., Hsu, R. H., Chen, L. C,, Lee, N. C., Chiu, P. C., Hwu, W. L., & Chien, Y. H. (2024). Twelve-year review
of galactosemia newborn screening in Taiwan: Evolving methods and insights. Molecular Genetics and Metabolism
Reports, 38(2), 101048.

6. Levy, H. L. (2021). Robert Guthrie and the trials and tribulations of newborn screening. International Journal of
Neonatal Screening, 7(1), 5.

7. Magdy, R. M., Abd-Elkhalek, H. S., Bakheet, M. A., & Mohamed, M. M. (2022). Selective screening for inborn errors
of metabolism by tandem mass spectrometry at Sohag University Hospital, Egypt. Archives de Pédiatrie, 29(1), 36—
43,

8. Couce, M. L., Boveda, M. D., Castifieiras, D. E., Vazquez-Mosquera, M. E., Barbosa-Gouveia, S., De Castro, M. J.,
Iglesias-Rodriguez, A. J., Colon, C., Cocho, J. A., & Sanchez, P. (2024). A newborn screening programme for inborn
errors of metabolism in Galicia: 22 years of evaluation and follow-up. Orphanet Journal of Rare Diseases, 19(1), 202.

9. Ellinwood, N. M. (2022). Newborn screening and the recommended uniform screening panel: Optimal submissions
and suggested improvements based on an advocacy organization's decade-long experience. American Journal of
Medical Genetics. Seminars in Medical Genetics, 190(2), 156-161.

10. Koeberl, D. D., Koch, R. L., Lim, J. A., Brooks, E. D., Arnson, B. D., Sun, B., & Kishnani, P. S. (2024). Gene therapy
for glycogen storage diseases. Journal of Inherited Metabolic Disease, 47(1), 93—118.

11. Anderson, S., Ciarlariello, M., Botti, C., & Velinov, M. (2024). Neonatal presentation of ornithine transcarbamylase
deficiency associated with a hypomorphic OTC variant (p. Leu301Phe) previously reported in later-onset disease.
Cureus, 16(8), €65956.

12. Baidya, S., Thapa, J., Kadel, A., Kharal, N., Lamichhane, M., Dubey, R. K., Raut, M., Bhattarai, A., Tuladhar, E. T.,
Sharma, V. K., & Niraula, A. (2024). Maple syrup urine disease diagnosed in a resource-limited setting in an infant in
Nepal: A case report. BMC Pediatrics, 24(1), 770.

13. Chin, H. L., Lai, P. S., & Tay, S. K. H. (2024). A clinical approach to diagnosis and management of mitochondrial
myopathies. Neurotherapeutics, 21(1), ¢00304.

14. Gugelmo, G., Maines, E., Boscari, F., Lenzini, L., Fadini, G. P., Burlina, A., Avogaro, A., & Vitturi, N. (2024).
Continuous glucose monitoring in patients with inherited metabolic disorders at risk for hypoglycemia and nutritional
implications. Reviews in Endocrine and Metabolic Disorders, 25(5), 897-910.

15. Kristan, A., & Debeljak, N. (2025). Targeted next-generation sequencing in rare diseases. In Methods in Molecular
Biology (Vol. 2866, pp. 45-57).

16. Nagpal, R., Goyal, R. B., Priyadarshini, K., Kashyap, S., Sharma, M., Sinha, R., & Sharma, N. (2022).

bt

Citation: Oparaocha, D., Obasi, M. 0., Iwuamadi, O., Okafor, O., Alozie, 0., & Nnodim, J. (2025). Inborn errors of metabolism: A Page 04
review. In ICON Journal of Applied Medical Sciences (Vol. 1, Number 4, pp. 01-05). https://doi.org/10.5281/zenodo.17510521


https://doi.org/10.5281/zenodo.17510521

ICON Journal of Applied Medical Sciences

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Mucopolysaccharidosis: A broad review. Indian Journal of Ophthalmology, 70(7), 2249-2261.

Giimiis, E., & Ozen, H. (2023). Glycogen storage diseases: An update. World Journal of Gastroenterology, 29(25),
3932-3963.

Hao, L., Liang, L., Gao, X., Zhan, X., Ji, W., Chen, T., Xu, F., Qiu, W., Zhang, H., Gu, X., & Han, L. (2024). Screening
of 1.17 million newborns for inborn errors of metabolism using tandem mass spectrometry in Shanghai, China: A 19-
year report. Molecular Genetics and Metabolism, 141(1), 108098.

Jehn, U., Bayraktar, S., Pollmann, S., Van Marck, V., Weide, T., Pavenstéddt, H., Brand, E., & Lenders, M. (2021). a-
Galactosidase A deficiency in Fabry disease leads to extensive dysregulated cellular signaling pathways in human
podocytes. International Journal of Molecular Sciences, 22(21), 11339.

Solares, 1., Heredia-Mena, C., Castelbon, F. J., Jerico, D., Cordoba, K. M., Fontanellas, A., Enriquez de Salamanca,
R., & Morales-Conejo, M. (2021). Diagnosis and management of inborn errors of metabolism in adult patients in the
emergency department. Diagnostics, 11(11), 2148.

Couce, M. L., & Vitoria, 1. (2024). Nutritional management of patients with inborn errors of metabolism. Nutrients,
16(23), 4154.

Gill, E. L., Wang, J., Viaene, A. N., Master, S. R., & Ganetzky, R. D. (2023). Methodologies in mitochondrial testing:
Diagnosing a primary mitochondrial respiratory chain disorder. Clinical Chemistry, 69(6), 564—582.

Torun, B., Bilgin, A., Orhan, D., Gocmen, R., Kilic, S. S., Kuskonmaz, B., Cetinkaya, D., Tezcan, 1., & Cagdas, D.
(2022). Combined immunodeficiency due to purine nucleoside phosphorylase deficiency: Outcome of three patients.
European Journal of Medical Genetics, 65(3), 104428.

van Spronsen, F. J., Blau, N., Harding, C., Burlina, A., Longo, N., & Bosch, A. M. (2021). Phenylketonuria. Nature
Reviews Disease Primers, 7(1), 36.

Jiao, X., Xue, J., Gong, P., Wu, Y., Zhang, Y., Jiang, Y., & Yang, Z. (2020). Clinical and genetic features in
pyridoxine-dependent epilepsy: A Chinese cohort study. Developmental Medicine and Child Neurology, 62(3), 315—
321.

Katz, S. J., Abrahamse, P., Hofer, T. P., Courser, R. R., Hodan, R., Tocco, R. S., Rios-Ventura, S., Ward, K. C.,
Hamilton, A. S., Kurian, A. W., & An, L. C. (2025). The Genetic Information and Family Testing (GIFT) study: Trial
design and protocol. BMC Cancer, 25(1), 366.

Plotegher, N., & Duchen, M. R. (2017). Mitochondrial dysfunction and neurodegeneration in lysosomal storage
disorders. Trends in Molecular Medicine, 23(2), 116—134.

Saudubray, J. M., & Garcia-Cazorla, A. (2018). Inborn errors of metabolism overview: Pathophysiology,
manifestations, evaluation, and management. Pediatric Clinics of North America, 65(2), 179-208.

Koens, L. H., de Vries, J. J., Vansenne, F., de Koning, T. J., & Tijssen, M. A.J. (2021). How to detect late-onset inborn
errors of metabolism in patients with movement disorders — A modern diagnostic approach. Parkinsonism and Related
Disorders, 85, 124-132.

Zhou, W., Huang, T., Li, H., & Gu, M. (2024). Newborn screening for isovaleric acidemia: Treatment with pivalate-
generating antibiotics contributed to false C5-carnitine positivity in a Chinese population. Molecular Genetics and
Genomic Medicine, 12(11), €70034.

Citation: Oparaocha, D., Obasi, M. 0., Iwuamadi, O., Okafor, O., Alozie, 0., & Nnodim, J. (2025). Inborn errors of metabolism: A Page 05
review. In ICON Journal of Applied Medical Sciences (Vol. 1, Number 4, pp. 01-05). https://doi.org/10.5281/zenodo.17510521


https://doi.org/10.5281/zenodo.17510521

