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 Resumen 

Introducción: El cuerpo humano, para la obtención de 

energía, descompone carbohidratos a partir de la dieta y los 

convierte en glucosa. Este proceso de aporte de glucosa al 

organismo se limita a las 2-3 horas postprandiales, por cuanto, 

es indispensable un mecanismo que garantice el aporte 

sostenido y suficiente de este recurso, fundamental para el 

metabolismo energético. Las glucogenosis son un grupo 

heterogéneo de enfermedades hereditarias, en su gran mayoría 

de herencia autosómica recesiva, que se caracterizan por un 

fallo en la ruta metabólica del glucógeno, también se las 

denomina enfermedades “raras” o “huérfanas”, ya que pocas 

personas las padecen o han sido diagnosticadas. Objeto: 

sintetizar la más vigente información respecto a las 

glucogenosis tipo Ia y Ib. Metodología: Se realizó una 

revisión bibliográfica narrativa a partir de una búsqueda de 

artículos científicos en las bases de especializadas SciELO y 

PubMed. Los criterios de selección para la construcción del 

manuscrito son: artículos en inglés y/o español que incluyeran 

información respecto a la fisiopatología, manifestaciones 

clínicas, diagnóstico y abordaje terapéutico de la glucogenosis 

tipo Ia y Ib. Resultados: Se construyó un documento científico 

de fácil lectura y que aborda los principales tópicos de las 

glucogenosis Ia y Ib de forma accesible a todos los niveles de 

salud. Conclusión: La glucogenosis abarca una amplia gama 

de enfermedades relacionadas a anomalías enzimáticas 

específicas que, en función del tipo en concreto, resulta de 

mayor o menor complejidad su diagnóstico y abordaje. Área 

de estudio general: medicina. Área de estudio específica: 

pediatría y genética médica. Tipo de estudio: revisión 

narrativa. 
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 Abstract 

Background:The human body, to obtain energy, breaks down 

carbohydrates from the diet and converts them into glucose. 

This process of providing glucose to the body is limited to 2-3 

postprandial hours, therefore, a mechanism that guarantees the 

sustained and sufficient supply of this resource, essential for 

energy metabolism, is essential. Glycogenosis is a 

heterogeneous group of hereditary diseases, mostly of 
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phosphatase 

translocase 

autosomal recessive inheritance, which are characterized by a 

failure in the glycogen metabolic pathway. They are also called 

“rare” or “orphan” diseases, since few people have them. suffer 

or have been diagnosed. Objective: synthesize the most current 

information regarding glycogen diseases type Ia and Ib. 

Methodology: A narrative bibliographic review was carried out 

based on a search for scientific articles in the specialized 

databases SciELO and PubMed. The selection criteria for the 

construction of the manuscript are: articles in English and/or 

Spanish that include information regarding the 

pathophysiology, clinical manifestations, diagnosis and 

therapeutic approach of glycogenosis type Ia and Ib. Results: 

An easy-to-read scientific document was constructed that 

addresses the main topics of glycogenosis Ia and Ib in a way 

that is accessible to all health levels. Conclusion: Glycogenosis 

covers a wide range of diseases related to specific enzymatic 

abnormalities that, depending on the specific type, are more or 

less complex to diagnose and approach. General area of study: 

medicine. Specific study area: pediatrics and medical genetics. 

Type of study: narrative review. 

 

 

Introduction 

To obtain energy, the human body breaks down carbohydrates from the diet and converts 

them into glucose. This process of supplying glucose to the body is limited to 2-3 hours 

postprandially, so a mechanism is essential to ensure the sustained and sufficient supply 

of this resource, which is essential for energy metabolism.(1). 

Glycogen, a branched polysaccharide of glucose, is the main form of glucose storage for 

the human body. It is found primarily in the liver and muscle cells, with muscle mass, 

given its greater volume in relation to the mass of the liver, being responsible for housing 

approximately three quarters of glycogen.(2)The essential difference between both 

storage locations is the purpose of this; liver glycogen, between meals and under fasting 

conditions of up to approximately 12-18 hours, allows the maintenance of glucose 

homeostasis, while muscle glycogen supplies glucose 1-phosphate locally during 

episodes of intense physical activity.(1–4). 

The metabolic pathways involved in glycogen metabolism do not comprise two pathways 

of the same route, they are separate pathways.(3)Glycogenesis is the anabolic pathway 
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by which glycogen is obtained from glucose molecules, while glycogenolysis is the 

catabolic pathway by which glycogen is broken down into glucose.(1.4). 

Glucogenesis starts with the production of glucose-6-phosphate from glucose and the 

enzyme glucokinase. The enzyme phosphoglucomutase mediates the transformation of 

glucose-6-phosphate to glucose-1-phosphate, the latter being activated by UDP-glucose-

pyrophosphorylase, forming uridine diphosphate glucose (UDP-glucose). The 

incorporation of glucose into the pre-existing glycogen molecule is mediated by the 

enzyme glycogen synthase through a phosphoglucoprotein bond.(1-4). 8 glucose 

residues are added(1-4) before the branching enzyme transfers 7 of these glucose(1-4) 

to a union(1,6) After this, the enzyme glycogen synthase continues the process of 

glucose adhesion with bonds(1-4)(4). 

Glycogenolysis begins with the activated glycogen phosphorylase isoenzymes (muscle, 

liver and brain), which break the bonds(1-4) on the periphery of glycogen, releasing 

glucose-1-phosphate, which, through the intervention of the enzyme 

phosphoglucomutase, is isomerized into glucose-6-phosphate. At the liver level, this 

glucose-6-phosphate is hydrolyzed into glucose by glucose-6-phosphatase, allowing its 

incorporation into the blood. Glycogen phosphorylase exclusively cleaves glycosidic 

bonds.(1-4), is unable to cleave glycosidic bonds(1,6) nor(1-4) proximal to the 

branching point(1,6), four residues before the link(1,6) This is relieved by the 

debranching enzyme, with 4- activity-glucan-transferase and(1,6)-glucosidase. The 

debranching enzyme, by transferase activity, mobilizes a segment of branched glucoses 

in a bond(1,6) to the link(1-4) and leaves 1 branched glucose residue, this is eliminated 

in the form of glucose by glucosidase activity, the result is a linear chain of glycosidic 

bonds(1-4) which are cleaved by glycogen phosphorylase until they reach the proximity 

of a new branch point(1,6), where the described process will be repeated. About 90% 

of glucose is 

Glycogenoses are a heterogeneous group of hereditary diseases, mostly autosomal 

recessive (AR) inheritance, which are characterized by a failure in the glycogen metabolic 

pathway. They are also called "rare" or "orphan" diseases, since few people suffer from 

them or have been diagnosed.(2,3,5–10)In this disease, there are failures in one of the 

enzymes responsible for forming or using up glycogen, which causes alternate metabolic 

pathways to be used; reflected in an abnormal accumulation and decrease in blood sugar 

levels available in the fasting state.(5,7,9)Symptoms mostly occur in childhood, but may 

also occur in the intrauterine phase.(5). Glucose-6-phosphatase deficiency (type I), 

lysosomal acid α-glucosidase deficiency (type II), debranching enzyme deficiency (type 

III) and hepatic PhK deficiency (type IX) being the most frequent in childhood and 

myophosphorylase deficiency (type V, or McArdle disease) in adults.(9). 
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The diagnosis is made through clinical examination and is subsequently confirmed with 

a liver and/or muscle biopsy, which shows abnormal glycogen storage.(7.9)To classify 

this disease, the genetic abnormality must be identified; it has been observed that its 

estimated frequency is approximately one in one hundred thousand inhabitants.(5,11). 

Its clinical manifestations vary from asymptomatic and with only exercise intolerance, to 

those that can cause death. The most important glycogenosis in order of frequency are 

type I, III, IX, II, V, VII, corresponding to about 95% of the total.(9,12). 

Historically, they have been classified in the order in which the enzymatic defects were 

identified, and also according to the affected organ (liver, muscle, heart or both), clinical 

phenotype and histopathological findings (hepatic glycogenosis, muscular glycogenosis 

and generalized glycogenosis).(9,11)Currently there are 10 types of glycogenosis, 

whether involving the muscles, liver or mixed, with glycogenosis of hepatic origin being 

the most common.(5). Thus, glycogenosis types Ia and Ib will be addressed in the 

development of this work. 

Methodology 

A narrative bibliographic review was conducted based on a search for scientific articles 

in the specialized databases SciELO and PubMed. The selection criteria for the 

construction of the manuscript are: articles in English and/or Spanish that included 

information regarding the pathophysiology, clinical manifestations, diagnosis and 

therapeutic approach of glycogen storage disease type Ia and Ib. 

For the initial search, the following descriptor combinations were used: “glycogen storage 

disease”; “glycogen storage disease type I”; “glucose-6-phosphatase”; “glucose-6-

phosphatase translocase”. Approximately 437 articles, books and other forms of scientific 

production were found, of which 31 were selected that met the selection criteria and were 

most relevant to the objective of the review, based on a quick review of the title, keywords 

and abstract. 

Results and discussion 

Glycogenosis Type I 

Generalities 

GSD type I is arare, inherited metabolic disorder with an incidence of approximately 

1/100,000 to 1/400,000 live births in the general population of the Caucasus, the disorder 

occurs inGlucose-6-phosphatase, which mainly affects the liver, kidneys and intestinal 

mucosa(9,13)In this disease there may be an abnormality in theglucose-6-phosphatase 

enzyme (Type Ia) or in the translocase that transports glucose-6-phosphate across the 

microsomal membrane (Type IB)(9). 
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Glycogenosis Type Ia 

By definition, it is an alteration in glycogen metabolism, it is rare and the alteration is 

found in the G6PC and G6PT1 gene, which is expressed biochemically as a deficiency of 

glucose-6-phosphatase (G6Pase).or its carrier proteins, this enzyme is found mainly in 

the liver and kidneys(14–16)  

Epidemiology 

The age of presentation is between three to six months and its incidence is 1 in 20,000 

births.(14,17). 

Genetic defect 

The alteration is located in the genes G6PT1 and G6PC, located on chromosome 17q21 

and encoding the G6Pase catalytic subunit, which causes loss of G6Pase function and 

accounts for approximately 80% of GSD(13,14). The functional G6Pase-α/G6PT 

complex maintains interprandial blood glucose homeostasis; itsThe main function of the 

G6PT protein in vivo is to translocate G6P from the cytoplasm to the lumen of the ER, 

taking it to the catalytic site of G6Pase-α or G6Pase-β for hydrolysis into glucose and 

phosphate.(18).  

Greater impact 

In an early process, the organ most affected is the liver and when focusing on long-term 

complications, we have that the disease focuses on three organs mainly, which are the 

liver (adenomas and hepatocellular carcinomas), the kidneys (proteinuria, kidney failure, 

stones) and the bone (osteopenia, osteoporosis).(9,15). 

Clinical manifestations 

The clinical presentation becomes apparent from three to six months with hepatomegaly 

and signs and symptoms of hypoglycemia; or during the neonatal period with 

hypoglycemia and lactic acidosis.(17)Symptoms and signs include severe fasting 

intolerance, failure to thrive and hepatomegaly, nonketotic hypoglycemia, 

hyperlactidemia, hyperuricemia, and hyperlipidemia.(15);As a result of the accumulation 

of glucose-6-phosphate (G6P) in hepatocytes and renal cells, there is an excess storage of 

glycogen and triglycerides in the liver, causing fatty liver similar to non-alcoholic fatty 

liver disease (NAFLD).(19). 
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Diagnosis 

It is performed with the clinical picture and abnormalities in the levels of lactate and lipids 

in the plasma; but genetic analysis of mutations is the option to establish a definitive 

diagnosis.(9). 

Treatment 

The treatment is aimed at maintaining normoglycemia and consequently normalizing 

triglyceride (TG) levels; it basically consists of implementing meals at short intervals, 

rich in carbohydrates, with slow-release glucose preparations, such as uncooked corn 

starch, which is used to prolong the fasting period.(16,19). 

Continuous nocturnal gastric drip feeding in children maintains normal glucose levels, 

allowing rest during the night(14,16).In a case reportRaza et al reported that “strict 

adherence to dietary therapy leads to improved quality of life, increases survival and 

minimizes complications, and liver transplantation can reverse biochemical 

abnormalities.”(17). 

In a 2013 meta-analysis, which identified five controlled trials (49 participants) with 

follow-up from 2 days to 14 years comparing intermittent administration of uncooked 

cornstarch with continuous overnight feedings of dextrose, with modified uncooked 

cornstarch and dextrose, and an uncooked cornstarch blend, twenty-six participants (three 

trials) receiving uncooked cornstarch showed a significant increase in blood glucose 

concentration, 21 (two trials) increased serum insulin, and 22 (three trials) increased 

plasma total cholesterol compared with continuous overnight feedings of dextrose and 

twenty-eight subjects (three trials) showed decreased plasma lactate, leading to the 

conclusion that “short- and long-term uncooked cornstarch prevents nocturnal 

hypoglycemia in GSD-1a children more effectively than continuous overnight feedings 

of dextrose.”(20) 

Standard glucose self-regulation, generally pre-meal, should be encouraged, since it is 

observed that the fear of hypoglycemia leads to overeating and then to obesity, which 

generates a clear risk of atherosclerosis and cardiovascular diseases.(16). 

Glycogenosis Type Ib 

Epidemiology 

G6PT deficiency (GSD-Ib) accounts for 20% of GSD-I cases and Ashkenazi Jews have 

a 5-fold higher prevalence compared to the rest of the population. 

Genetic defect 
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In this subtype there is a deficit in the ubiquitously expressed G6PT or also called G6Pase-

β, in contrast we have that a functional G6Pase-β / G6PT complex maintains energy 

homeostasis and functionality in neutrophils and macrophages.(18,21)It is encoded by the 

SLC37A4 gene located on chromosome 11q23 and is a member of the solute carrier 

family 37 (SLC37)(22–24) 

Greater impact 

The organs most affected in this case are a little more extensive because the affected 

enzyme is expressed ubiquitously, the glycogen deposit is mostly seen in the liver and 

kidney where it is expressed as megalias, in addition to this we have marked defects, 

when it is expressed, in the white series (neutropenia). The latter is also reflected in the 

gastrointestinal tract as colitis and in the liver with a greater propensity to 

neoplasias.(18,23,25). 

Clinical manifestations 

It shares the same metabolic phenotype of impaired glucose homeostasis with GSD-Ia, 

but carries the additional complications of neutropenia and myeloid dysfunction such as 

severe congenital neutropenia syndrome type Ia.(18)The hallmark of the GSD-Ib 

metabolic phenotype is hypoglycemia after a brief fast.(24). 

The activity depends on its ability to form a functional complex with a G6Pase, which, in 

the absence of this, the G6P transport activity is minimal. Consequently, G6PT is 

important for maintaining both interprandial blood glucose homeostasis and energy 

homeostasis of myeloid cells, making GSD-Ib a metabolic and immunological disorder; 

despite which there does not seem to be a strict relationship between genotype and 

phenotype.(24) 

The defective G6PT/G6Pase-α complex impairs ER transport and G6P hydrolysis, 

leading to elevated levels of cytoplasmic G6P and loss of blood glucose homeostasis. In 

gluconeogenic organs lacking functional G6PT, this stimulates competing pathways that 

use elevated cytoplasmic G6P, ultimately giving the clinical manifestations of fasting 

hypoglycemia, hepatomegaly, nephromegaly, hyperlipidemia, hyperuricemia, and lactic 

acidemia characteristic of this entity.(21,24)Hepatomegaly and nephromegaly are the 

result of an accumulation of glycogen and neutral fat.(24). 

Diagnosis 

It presents a clinical picture very similar to that of GSD Ia, however, hepatomegaly, doll-

like face, short stature, and chronic fatigue are more severe, all of this added to neutrophil 

dysfunction and neutropenia that makes one susceptible to frequent bacterial infections. 
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Neutropenia is not reliable as a differential for GSDIa since it is periodic, never develops 

in GSD-Ib or is normal in the first two years of life.(22,26) 

The presence of hepatomegaly plus hypoglycemia should prompt a battery of tests 

including lactate, uric acid, liver profile including liver function tests, cholesterol, 

triglycerides, basic chemistry panel, creatine kinase, complete blood cell count with 

manual white cell differential, plasma total and free carnitine, acylcarnitine amino acid 

profile, β-hydroxybuty4, and urine organic acids.(26). In the laboratory, hypoglycemia, 

lactic acidosis, hyperuricemia, hypercholesterolemia and hypertriglyceridemia will be 

found, the glucagon stimulation test should be avoided due to the risk of acute acidosis 

and decompensation.(27). 

The first and best option to confirm the clinical suspicion and diagnosis are molecular 

genetic tests that allow complete sequencing of the G6PC (GSD Ia) and SLC37A4 (GSD 

Ib) genes and are non-invasive, their detection rate is estimated to be up to 100%.(22,27). 

In a systematic review of the literatureBeyzaeiZ et al. state that “targeted gene sequencing 

analysis can be considered as the first-line diagnostic method with valuable results and 

exome sequencing can be used to diagnose complex cases of GSD, and that these 

molecular methods are considered accurate forms of diagnosis.”(25). 

Another option that is increasingly less recommended is a liver biopsy where the G6Pase 

enzymatic activity is analyzed to confirm the diagnosis.(27). 

 

Treatment 

Nutritionally, the treatment is the same, but additional dietary intervention is required as 

a result of neutropenia that presents as enterocolitis similar to Crohn's disease.(26). 

The feeding strategy consists of frequent small feedings high in complex carbohydrates 

(preferably those highest in fiber) spread evenly over 24 hours. The regimen should be 

structured with 60–70% of calories from carbohydrates, 10–15% calories from protein 

(to provide the recommended daily intake), and the remaining calories from fat (<30% 

for children older than 2 years).(26). 

Conclusion 

 Glycogen storage disease covers a wide range of diseases related to specific 

enzymatic abnormalities that, depending on the specific type, are more or less 

complex to diagnose and address. 

 Glycogen storage disease type Ia is rare and the alteration is found in the G6PC 

and G6PT1 genes, which are biochemically expressed as a deficiency in glucose-

javascript:;
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6-phosphatase (G6Pase) or its carrier proteins; while glycogen storage disease 

type Ib occurs with a deficiency in the ubiquitously expressed G6PT or also called 

G6Pase-β, in contrast we have that a functional G6Pase-β / G6PT complex 

maintains energy homeostasis and functionality in neutrophils and macrophages. 

 Both pathologies tend to begin before the first year of age, affecting the white 

blood cell series and having the liver and kidneys as target organs. 
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