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Abstract

BACKGROUND

Thus far, genetic analysis of patients clinically diagnosed with glycogen storage
diseases (GSDs) in Thailand has not been reported.
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AIM
To evaluate the clinical and biochemical profiles, molecular analysis and long-term outcomes of Thai children
diagnosed with hepatic GSD.

METHODS

Children aged < 18 years diagnosed with hepatic GSD and followed up at King Chulalongkorn Memorial Hospital
were recruited. Whole-exome sequencing (WES) was performed to identify the causative gene variants. Medical
records were assessed.

RESULTS

All eight children with histopathologically confirmed diagnosis were classified by WES into subtypes Ia (n = 1), III
(n=3), VI (n =3), and IX (n = 1). A total number of 10 variants were identified including G6PC (n = 1), AGL (n = 4),
PYGL (n =5), and PHKA2 (n = 1). AGL had two novel variants. The clinical manifestations were hepatomegaly (1 =
8), doll-like facies (n = 3), wasting (n = 2), and stunting (n = 5). All patients showed hypoglycemia, transaminitis,
and dyslipidemia. The mainstay of treatment was cornstarch supplementation and high-protein and low-lactose-
fructose diet. After a median follow-up time of 9.59 years, height turned to normal for age in 3/5 patients and none
had malnutrition. Liver enzymes, blood sugar, and lipid profiles improved in all.

CONCLUSION

Hepatomegaly, transaminitis, and hypoglycemia are the hallmarks of GSD confirmed by liver histopathology.
Molecular analysis can confirm the diagnosis or classify the subtype that might benefit from personalized
treatment, prognosis, and long-term care.

Key Words: Storage disease; Hypoglycemia; Pediatric; Whole exome sequencing; Novel variants; Thailand

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic glycogen storage diseases (GSDs) are rare but treatable conditions. While liver histopathology is helpful
for diagnosis, it cannot differentiate between GSD subtypes. Data on long-term outcomes with extensive nutritional
management are limited. This study evaluates the clinical and biochemical profiles, molecular analysis, and long-term
outcomes of Thai children with hepatic GSDs, identifying two novel causative variants. The findings indicate that extensive
nutritional management, including frequent uncooked cornstarch supplementation, a high-protein diet, and a low lactose-
fructose diet, yields favorable outcomes across GSD subtypes. However, tailored management, particularly for GSD types
IIT and VI, can further enhance quality of life and minimize complications.

Citation: Vanduangden J, Ittiwut R, Ittiwut C, Phewplung T, Sanpavat A, Sintusek P, Suphapeetiporn K. Molecular profiles and long-
term outcomes of Thai children with hepatic glycogen storage disease in Thailand. World J Clin Pediatr 2024; 13(4): 100493

URL: https://www.wjgnet.com/2219-2808/full/v13/i4/100493.htm

DOI: https://dx.doi.org/10.5409/wjcp.v13.i4.100493

INTRODUCTION

Glycogen storage diseases (GSDs) are rare inherited disorders that affect glycogen metabolism, with a global incidence of
approximately <1 in 100000[1]. The pathogenesis of GSDs involves defects in the enzymes responsible for breaking down
glycogen, resulting in the storage of glycogen in mainly the liver, muscle, and heart[1]. GSDs have 23 subtypes that can be
broadly classified into hepatic GSDs or muscle GSDs depending on the primary system affected. Hepatic GSDs include
types Oa, I, III, IV, VI, and IX and Fanconi-Bickel syndrome that are inherited in an autosomal recessive manner, except
for type IXa, which is an X-linked recessive disorder. Genetic analysis is ultimately responsible for the final identification
of GSD subgroups given the diversity of clinical and laboratory findings[1]. Because GSDs are treatable conditions,
prompt and accurate diagnosis are essential for the commencement of targeted therapy tailored to the subtypes,
preventing permanent injury and improving the quality of life of the patients.

Worldwide, molecular genetic studies of GSD subtypes have increased, particularly in several Asian nations including
China[2-4], India[5,6], and Pakistan[7]. Thus far, no studies have conducted genetic analysis of patients clinically
diagnosed with GSDs in Thailand. Therefore, this study sought to delineate the clinical and genetic attributes of hepatic
GSDs in Thai children. By conducting comprehensive assessments of clinical profiles, laboratory studies —including liver
histology — and long-term outcomes following treatment, this research not only enhances our understanding of GSDs in
the Thai population but also contributes valuable insights into the phenotypic variability, potential genetic mutations,
and therapeutic responses associated with these disorders. Ultimately, the findings could inform improved diagnostic
and treatment strategies for GSDs in Thailand and similar contexts, paving the way for future research and better
healthcare outcomes for affected individuals.
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MATERIALS AND METHODS

Participants

The study population included children aged < 18 years who were diagnosed with hepatic GSDs at the time of their
initial diagnosis and regularly followed up at King Chulalongkorn Memorial Hospital, Thailand, between January 2010
and September 2023.

Written informed assent and/ or informed consent for this study were obtained from the patients and/or their parents.
In addition, genetic counseling and informed consent were provided to all participants and their guardians before
collecting blood samples for genetic analysis. This study was approved by the Institute Research Board at Chulalongkorn
University, Bangkok, Thailand (No. 0678/ 65).

Clinical data
Data were extracted from the electronic medical records, which included the clinical profiles at the time of presentation,
biochemical profiles (fasting blood glucose, uric acid, complete blood count, liver function test, lipids, creatinine, lactate
dehydrogenase, lactate, creatine kinase, and coagulogram), radiological parameters, liver histopathology, nutritional and
medical therapy, and outcomes at the end of the follow-up period.

In every outpatient visit, the growth parameters of all patients were monitored, and the weight-for-length/height in
children aged < 5 years and the Z-scores for height and body mass index (BMI) were employed for children aged 5-19
years, according to the growth chart that was established by the World Health Organization.

Definition

Growth and nutrition status: Overweight was defined as the weight-for-length/height > 2 SD in children aged < 5 years
and BMI-for-age > 1 SD in children aged 5-19 years. Obesity was defined as weight-for-length/height > 3 SD in children
aged < 5 years and BMI-for-age > 2 SD in children aged 5-19 years. Wasting was defined as weight-for-length/height <
-2 SD in children aged < 5 years and BMI-for-age < -2 SD in children aged 5-19 years. Stunting referred to length/
height-for-age < -2 SD.

Biochemical results: Hypoglycemia is defined if blood sugar less than 60 mg/dL. Hyperuricemia is defined if serum uric
acid is 5.9 mg/dL for <9 years (both genders), 6.1 mg/dL for 9-11 years (both genders), 7.0 mg/dL (males), and 6.2 mg/
dL (females) for 12-14 years. Dyslipidemia is defined if cholesterol = 200 mg/dL or low density lipoprotein = 130mg/dL,
high density lipoprotein < 40 mg/dL, triglyceride = 100 mg/dL in children aged less than 9 years and triglyceride > 130
mg/dL in children aged between 9-19 years. Transaminase is defined if aspartate aminotransferase or alanine
aminotransferase > 40 U/L. Hyperbilirubinemia is defined if total bilirubin > 2mg/dL. Anemia is defined if hemoglobin
<11 g/dL for age 6 months-5 years, < 11.5 g/dL for age > 5-12 years and female adolescent, < 12 g/dL for male
adolescent.

Molecular data analysis

After obtaining informed consent, 3 mL of peripheral blood was collected from patients and their available parents.
Genomic DNA was extracted from peripheral blood leukocytes using the Puregene blood kit (Qiagen, Hilden, Germany).
Whole-exome sequencing (WES) was performed. Briefly, DNA was used to create a library for Illumina sequencing,
specifically focusing on the exome (coding regions of genes). The library was enriched for exonic regions using a specific
kit. Finally, the captured libraries were sequenced using a NextSeq2000 instrument. The sequencing data for single-
nucleotide variants and insertions/deletions (indels) were analyzed. The variants were filtered based on the following
criteria: (1) Location within exons or nearby introns of GSD-related genes[4]; (2) Nonsynonymous changes (altering the
protein sequence); (3) Rarity in the Genome Aggregation Database (GnomAD); (4) Low frequency in Thai exome controls;
(5) (for missense variants) Predicted to be damaging by SIFT and Polyphen protein prediction tools, and (6) Relevance to
the symptoms of hepatic GSDs.

As mentioned, the bioinformatic pipeline employed for WES data analysis involved a multi-step filtering process to
identify potentially pathogenic variants. All single nucleotide variants and indels were initially filtered based on their
location within exons or flanking introns of genes relevant to GSD. Only non-synonymous variants were considered, and
those with a minor allele frequency less than 1% in the 1000 Genomes Project and 0.1% in the GnomAD were retained.
Additionally, variants were excluded if they were identified in more than 10 alleles in a control cohort of 5432 Thai
exomes. For missense variants, predictions from SIFT and Polyphen were used to assess their potential impact on protein
function. Finally, variants were prioritized if they were associated with the patients” phenotype or known to be involved
in the disease under investigation. This rigorous filtering approach ensured the identification of the most likely
pathogenic variants for further validation.

Statistical analysis

Continuous and categorical data were presented as median values, interquartile ranges, and proportions or percentages.
Fisher’s exact test was used to compare discrete data, and the Mann-Whitney U test was used to analyze continuous data.
A P-value of < 0.05 indicated significance. STATA version 18 was used for all statistical analyses. The figures were made
using GraphPad Prism version 9.2.0.
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Figure 1 Axial post contrast arterial phase and coronal post contrast 3-minute delayed phase of a 15-year-old girl revealed multiple
arterial and delayed enhancing nodules and masses scattering in both hepatic lobes with subsequent pathological proven hepatic
adenomatosis. Thirteen years later; overall increasing sizes and numbers of multiple known hepatic adenomatosis scattering in both hepatic lobes, showing
heterogeneous arterial enhancement and heterogeneous delayed enhancement. Noted some nodules in the right hepatic lobe decreased in sizes. A: Initial axial post
contrast arterial phase; B: Thirteen-year-follow-up axial arterial enhancement; C: Initial coronal post contrast delayed phase; D: Thirteen-year-follow-up coronal
delayed phase.

RESULTS

Patient characteristics and genetic diagnosis

A total of eight patients who were diagnosed with GSDs were recruited. Molecular analysis confirmed the diagnosis of
GSDs and subtype identification. The median age at presentation was 2.18 (1.57-3.05) years, and 37.5% were male.
However, the median time of diagnosis and molecular analysis were 1.56 (0.9-2.4) and 3.41 (2.78-6.49) years from the
presentation, respectively. Two patients (25%) were from families of consanguineous couples. Based on the results of the
molecular analysis, one patient each was classified into subtypes Ia (12.5%) and IX (12.5%), and three patients were
classified into subtypes III (37.5%) and VI (37.5%) (Table 1). Ten variants were identified in G6PC (n = 1), AGL (n = 4),
PYGL (n = 5), and PHKA2 (n = 1). The compound heterozygous ¢.1611+1G>C and c.1735G>A variants in AGL identified
in patient 4 were novel (Table 1). A comprehensive comparison of two novel AGL variants, including their allele
frequencies in control databases, potential functional effects, and American College of Medical Genetics and Genomics
(ACMG) classifications are demonstrated in Table 2[8]. Remarkably, the known ¢.2467C>T (p.GIn823Ter) mutation in
PYGL[9] appears to be a potential hotspot, present in all three patients with PYGL mutations.

The first manifestations were abdominal distension from hepatomegaly (100%), doll-like facies (37.5%), wasting (25%),
overweight (12.5%), stunting (62.5%), gastrointestinal bleeding (12.5%), epistaxis (12.5%), and jaundice (12.5%).
Biochemical profiles at presentation were hypoglycemia (100%), transaminitis (100%), hyperuricemia (50%), anemia
(25%), hypercholesterolemia (62.5%), hypertriglyceridemia (100%), and direct hyperbilirubinemia (50%) (Table 3). All
patients had normal renal function. Liver ultrasonography revealed hepatomegaly with diffuse increased parenchyma
echogenicity in all patients. One patient had multiple liver tumors, with magnetic resonance imaging revealing the
feature of hepatic adenomatosis (Figure 1). Liver pathology exhibited hepatocyte ballooning with positive periodic acid-
Schiff staining and diastase sensitivity in all patients (Figure 2).
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Patient number Gene WES Variant Amino acid Exon/ Zygosity e e R Transcript hg19 coordinate Ref.
Intron allele’
GSD Ia
5 G6PC Duo c.648G>T p-Leu216Leu Exon 5 Homozygous or Mother NM_000151.4 chr17:41063017 G>T ~ [21]
Hemizygous”

GSD III

3 AGL Trio €.2578delG p-Val860LeufsTer8 Exon 20 Homozygous Father and mother NM_000642.3 chr1:100850156 delG ~ Clinvar RCV003060970.1°

4 AGL Singleton ¢.1611+1G>C N/A Intron 12 Heterozygous Unknown NM_000642.3 chr1:100343385 G>C ~ Novel*
c1735G>A p-Glu579Lys Exon 13 Heterozygous Unknown NM_000642.3 chr1:100345602 G>A  Novel

6 AGL Trio c.1735+1G>T N/A Intron 13 Homozygous Father and mother NM_000642.3 chr1:100345603 G>T [22]

GSD VI

2 PYGL Trio c.514C>T p-Argl72Ter Exon 4 Heterozygous Father NM_002863.5 chr14:51398405 G>A  [9]
€.2467C>T p-GIn823Ter Exon 20 Heterozygous Mother NM_002863.5 chr14:51372187 G>A  [9]

7 PYGL Singleton €.2467C>T p-GIn823Ter Exon 20 Heterozygous Unknown NM_002863.5 chr14:51372187 G>A  [9]
c.932G>A p-Arg311His Exon 8 Heterozygous Unknown NM_002863.5 chr14:51383747 C>T  [23]

8 PYGL Trio ¢1726C>T p-Arg576Ter Exon 14 Heterozygous Father NM_002863.5 chr14:51378916 G>A  [24]°
€.2467C>T p-GIn823Ter Exon 20 Heterozygous Mother NM_002863.5 chr14:51372187 G>A  [9]

GSD IX

1 PHKA2 Trio ¢.2746C>T p-Arg916Trp Exon 25 hemizygous Mother NM_000292.3 chrX:18924673 G>A [25]

!Biallelic variants identified by singleton exome sequencing analysis will be reported as "parental origin unknown.
The duo exome sequencing performed on patient #5 and the mother, due to the unavailability of the father's DNA, has shown that the zygosity of the G6PC:c.648G>T variant cannot be distinguished between homozygous (inherited

from both parents) and hemizygous (inherited from the mother only).
3Although no individuals with AGL-related conditions have been previously reported in the literature with this variant, ClinVar classifies the AGL:c.2578delG variant as pathogenic (Accession: RCV003060970.1) based on a submission

ID: SCV003456543.1 by Invitae.

*Novel: a novel variant means that it is not present in the public database including literatures in pubmed, GRCh38/hg38 or GRCh37/hg19 gnomAD, and Clinvar databases.
®No reports of the PYGL:c.932G>A (p.Arg311His) variant exist in patients with glycogen storage disease type VI. However, the literature on colorectal carcinoma documents its presence[24].

WES: Whole-exome sequencing; GSD: Glycogen storage diseases.

Because genetic analysis was unavailable at the time of diagnosis and the diagnosis of GSD was initially based on
clinical presentations and liver histopathology, the mainstay of treatment was to normalize blood sugar and other
biochemical profiles. Cornstarch supplementation was advocated in all patients, given 1-7.2 g/kg/day twice to five times
a day depending on the result of random blood glucose, in conjunction with a high-protein diet (1.5-3 g/kg/day) and
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Table 2 Comparison of novel AGL variants based on allele frequency and functional impact

. GRCh37/hg19 GRCh38hg38 5432 Thai . o Reportedin oy
Variant Potential functional impact other GSD I
gnomAD gnomAD exomes classification
cases
¢.1611+1G>C Not identified Not identified Not Potentially disruptive to splicing due to  Not reported  Likely pathogenic
P.?) identified  its location at the splice donor site. May (PVS1, PM2)
lead to aberrant mRNA processing and
protein expression
¢.1735G>A Not identified Identified in 1 out ~ Not Missense mutation resulting in a Not reported ~ Variant of uncertain
(p-.Glu579Lys) of 1461034 alleles  identified ~ Glu579Lys amino acid change within significance (PM2,
the transferase catalytic domain. May PP3)
affect enzyme activity or protein
stability

ACMG: American College of Medical Genetics and Genomics; GSD: Glycogen storage diseases.

Figure 2 Light microscopy of liver histopathology with high-power magnification (x 40). A: Patient 6 [glycogen storage disease (GSD) type Ill]
hematoxylin and eosin stain (HE) shows swelling of hepatocytes; B: Patient 7 (GSD type VI) HE stain shows swelling of hepatolcytes with some material deposit
inside; C: Patient 7 with periodic acid-Schiff (PAS) staining; D: Patient 7 with PAS-diastase (PAS-D) staining. Hepatocytes were stained with PAS and were mostly
digested by PAS-D.

low-lactose-fructose ingestion. One of them (patient 5, GSD type I) had hyperuricemia that required allopurinol (Table 3).
All patients had regular follow-up appointments every 3-6 months. Nearly all patients demonstrated good compliance
with the uncooked cornstarch prescription, except for patients 1 (GSD type I), 2 (GSD type VI), and 5 (GSD type XI).
Despite poor compliance, patient 2 (GSD type VI) had normal liver enzyme levels, lipid profiles, and growth at the last
follow-up. By contrast, patients 1 (GSD type I) and 5 (GSD type XI) had better biochemical profiles but exhibited stunted
growth from diagnosis through the last follow-up. Patients 3, 4, and 6 (GSD type III) experienced frequent hypoglycemia,
requiring cornstarch supplementation of up to 7.2 g/kg/day (patient 3) and up to five times a day. Despite good
compliance, patients 3 and 6 had persistent transaminitis and dyslipidemia, and patient 3 was also overweight.

All eight patients remain alive, with a median follow-up period of 9.59 (1.20-10.56) years. For the outcome at the end of
follow-up, patients 1 and 5 still had stunting (25%), but none had wasting. However, patients 1, 3, and 8 were overweight,
with BMI Z-score 1.2 SD (37.5%). Liver function, blood sugar, and lipid profiles improved in all patients. Transaminitis
turned to normal in 3 (37.5%) patients. Blood sugar improved in all patients; however, two of them (25%) still had
hypoglycemia with prolonged fasting time (patients 3 and 6; GSD type III). Patients 2 and 4 diagnosed with GSD types III
and VI could omit uncooked corn starch before bedtime as determined by their genetic subtype analysis without
hypoglycemia from their random blood glucose. Hypercholesterolemia was observed in 2 (25%) patients, and
hypertriglyceridemia was noted in 2 (25%) patients. Hyperuricemia was found in 4 (50%) patients (Table 4 and Figure 3).

Gwishidenge VVICP | hitps:/ /www.wignet.com 6 December 9,2024 | Volume13 | Issued |



Vanduangden ] et al. Hepatic glycogen storage disease in Thailand

Table 3 Patient characteristics, biological profiles at the time of clinical diagnosis and at the last of follow-up

Age at Time from Biochemical result Clinical and biological profiles at the last follow-up
. g . clinical Dx  _. Growth and Follow-
Patient clinical First i Uric - Uric
ex to oy Nutriional  AST ALT BS TC TG _ up time - Growth and AST BS TC TG :
number Dx presentation Acid . Acid
molecular status (UL) (ULL) (mg/dL) (mg/dL) (mg/dL) (vear)  nutritional status  (UIL) ALT(UL) (mgldL) (mg/dL) (mg/dL)
(year) (mgldL) (mgldL)
Dx (year)

GSD1

5 F 14.7 12.52 Hepatomegaly, Wasting/ 118 67 53 210 376 8.6 138 Stunting 33 28 58 179 396 9.7
recurrent stunting
epistaxis

GSD III

3 F 3.02 8.49 Hepatomegaly =~ Normal 4302 1341 48 241 622 Bl 115 Overweight 510 375 72 205 124 8

4 F 1.43 1222 Hepatomegaly =~ Normal 629 547 20 138 119 3.3 12.3 Normal 33 28 78 137 63 5.8

6 M 262 3.06 Hepatomegaly, Stunting 1878 854 30 180 231 6.1 il Normal 626 408 35 184 203 6.8
doll-like facies

GSD VI

2 F 1.75 9.24 Hepatomegaly =~ Wasting 746 736 56 305 335 6.9 125 Normal 15 14 83 137 89 6.1

7 F 3.08 2.08 Hepatomegaly ~ Stunting 72 64 92 256 189 43 21 Normal b5 40 72 226 104 859

8 M 135 1.10 Hepatomegaly, Overweight/ 920 665 55 246 303 3.9 1.8 Overweight 72 90 86 170 100 54
doll-like facies  stunting

GSD IX

1 M 17 275 Hepatomegaly, Stunting 1531 439 34 145 159 5.3 6.48 Overweight/stunting 161 78 84 145 97 812

doll-like facies

GSD: Glycogen storage disease; F: Female; M: Male, Dx: Diagnosis; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BS: Blood sugar; TC: Total cholesterol; TG: Triglyceride.

One patient with GSD type I had increasing size of the hepatic adenomatosis but normal liver enzyme, requiring liver
transplantation (waiting list) (Figure 1). For other comorbidities, none had hypertension, chronic kidney disease, delayed
motor development, seizure due to hypoglycemia, or hypertrophic cardiomyopathy.

DISCUSSION

To the best of our knowledge, this study is the first to demonstrate the clinical and molecular characteristics of hepatic
GSDs in Thai children. The most common hepatic GSDs in this study are types III and VI. The known ¢.2467C>T
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Table 4 Biochemical profiles at the diagnosis and the last follow-up, median (25"-75™ percentiles)

Blood test At the diagnosis At the last follow-up P value
Hb (mg/dL) 11.9 (10.1-12.2) 12.9 (11.8-13.1) 0.072
WBC 11140 (9975-14020) 9415 (8600-10690) 0.046
Platelet 386000 (325500-457500) 377500 (327000-448000) 1
Blood sugar (mg/dL) 55 (30-87) 72 (58-83.5) 0.248
Total cholesterol 241 (138-256) 174.5 (137-194.5) 0.132
Triglyceride (mg/dL) 231 (159-335) 105.5 (94.5-163.5) 0.037
LDL (mg/dL) 141 (88-211) 94 (83.5-122) 0.165
HDL (mg/dL) 24 (10-32) 39.5 (35-41) 0.004
Uric acid (mg/dL) 5.1 (3.9-6.5) 6 (5.6-7.55) 0.148
ALT (U/L) 665 (67-854) 59 (28-232.5) 0.021
AST (U/L) 833 (374-1704) 63.5 (33-335.5) 0.007
Total bilirubin (mg/dL) 0.39 (0.24-0.99) 0.53 (0.43-0.70) 0.462
Direct bilirubin (mg/dL) 0.22 (0.10-0.41) 0.22 (0.16-0.28) 1
Globulin (mg/dL) 3.1(2.8-34) 3.4 (2.85-4.05) 0.354
Albumin (mg/dL) 4.3 (4.0-4.5) 4.4 (4.25-4.4) 0.335
GGT 169 (66.2-251) 59 (31.5-136) 0.156
Blood urea nitrogen 12 (8-14) 10.5 (9.5-13.5) 0.771
Creatinine 0.25 (0.21-0.4) 0.41 (0.26-0.55) 0.072

Hb: Hemoglobin; WBC: White blood cell count; LDL: Low density lipoprotein; HDL: High density lipoprotein; ALT: Alanine aminotransferase; AST:

Aspartate aminotransferase; GGT: Gamma-glutamy] transferase.

(p.GIn823Ter) mutation in PYGL appears to be a potential hotspot, present in all three individuals with GSD type VI. All
patients presented with hepatomegaly, hypoglycemia, hypercholesterolemia and transaminitis. Liver histopathology was
used to confirm the diagnosis with high accuracy. The improvement in lipid profiles, growth parameters, and liver
enzymes in most patients proposed that nutritional management had yielded favorable long-term outcomes. In addition,
molecular analysis successfully classified GSD subtypes and identified two novel AGL variants, expanding the mutational
spectrum.

In the present study, the hallmarks of GSDs included the triad of hepatomegaly, transaminitis, and hypoglycemia that
were consistent with the studies in India and Pakistan by Kumar et al[6] (n = 57) and Ahmed et al[7] (n = 55), in which all
of them had marked abdominal distension probably from hepatomegaly. Liang et al[4] studied in Chinese children (n =
49), and all of them had the triad, and Beyzaei et al[10] (n = 14) studied in Iranian cases of GSDs, and all of them had
hepatomegaly and transaminitis. As a result, the triad is useful to narrow the diagnosis that should be confirmed using
liver biopsy or molecular analysis. In regions where molecular analysis is inaccessible, liver biopsy might be considered
for timely management. However, guidelines for the specific management according to hepatic GSD subtypes have been
established for hepatic GSD types I[11], III[12], IV[13], VI[14], and IX[14] that help physicians target or personalize
management. In addition, long-term complications appear to differ among types, for example, hepatic adenoma can occur
in GSD types I, I1I, and IV[15]. Thus, monitoring complications of GSD subtypes is cost-benefit and saves time leading to
a better quality of life of patients. Many mimic diseases from GSDs should be considered, such as congenital disorder of
glycosylation, lysosomal disorders, and mitochondrial disorders[16-18]. Consequently, in centers with limited resources,
molecular analysis must be subsequently performed by sending specimens to facilities capable of confirming the
diagnosis and classifying subtypes for tailored treatment[19]. In addition, understanding patients’ genetic background is
beneficial for counseling and family planning.

In this study, most Thai children with GSDs had types III and VI, in contrast with findings from China[2-4,8], Iran[10],
Indial5,6], Parkistan[7], Spain[19], and Italy[20] where GSD type VI is relatively rare. GSD type III, common in many
countries, is associated with recurrent hypoglycemic seizures, leading to delayed development. However, in this study,
Thai children with GSD type III did not experience seizures or demonstrate significant developmental delays. Notably,
one child with GSD type III (with a novel causative variant) achieved good clinical and biochemical outcomes, and
uncooked cornstarch supplementation was stopped during adolescence. For GSD type IX, our patient exhibited improved
biochemical profiles but continued to experience growth retardation at age 9, consistent with reports from the ACMG
[14]. This finding contrasts with that of a larger study in China where nearly all patients with GSD type IXa (n = 17) had
mild disorders and favorable outcomes, often achieving normal growth by adolescence without cornstarch supple-

Buissidenge VWICP | https://www.wijgnet.com 8 December 9,2024 | Volume13 | Issue4 |



A 400 7 P =0.132
3
S 3007 -o- Patient 1
£ - Patient 2
° —— Patient 5
£ 200 -8~ Patient 6
i} .
@ —+- Patient 3
£ -¥- patient 4
= -@- Patient 7
£ 100 - -A- Patient 8
'_
0 T T
At diagnosis At last follow-up
Time point
C -
230 P =0.165
200 =
P -e- Patient 1
S -m- Patient 2
5 1504 -+ Patient 5
E -8~ Patient 6
a - Patient 3
= 100 - Ppatient 4
-B- Patient 7
-A- Patient 8
50 =
0 I T
At diagnosis At last follow-up
Time point
E
149 P =0.072
13 =
- -e- Patient 1
2 -~ Patient 2
S 127 —— Patient 5
£ -@- Patient 6
—+— Patient 3
1 =¥~ Patient 4
-@- Patient 7
10 -A- Patient 8
9 T .
At diagnosis At last follow-up
Time point
G 15007 P =0.021
1000 — -e- Patient 1
g -~ Patient 2
= - Patient 5
5 -~ Patient 6
< —+- Patient 3
500 — - patient 4
-B- Patient 7
-A- Patient 8
0 T
At diagnosis At last follow-up

Time point

Figure 3 Biological profiles at diagnosis and the last follow-up. A: Total cholesterol; B: Triglyceride; C: Low density lipoprotein; D: High density
lipoprotein; E: Hemoglobin; F: Aspartate aminotransferase; G: Alanine aminotransferase; H: Gamma-glutamyl transferase. Hb: Hemoglobin; LDL: Low density

Vanduangden ] et al. Hepatic glycogen storage disease in Thailand

AST (U/L) HDL (mg/dL) Triglyceride (mg/dL)

GGT (U/L)

8007 P =0.037
60071 e Patient 1
- Patient 2
-+ Patient 5
400 - -®- Patient 6
—+- Patient 3
-¥- Patient 4
-l Patient 7
200 — -A- Patient 8
0 T T
At diagnosis At last follow-up
Time point
501 P =0.004
40 -e- Patient 1
- Patient 2
30 —+— Patient 5
-@- Patient 6
—+= Patient 3
20 - -¥ Patient 4
-l Patient 7
-A- Patient 8
10 -
0 T T
At diagnosis At last follow-up
Time point
5000 P =0.007
4000 -
-o- Patient 1
- Patient 2
3000 = -+ Patient 5
-@- Patient 6
—+— Patient 3
2000 — -¥- Patient 4
-l Patient 7
-A- Patient 8
1000 -
0
At diagnosis At last follow-up
Time point
800 =
P =0.156
600
-e- Patient 1
-#- Patient 2
-+ Patient 5
400 - -@- Patient 6
—= Patient 3
¥ Patient 4
-B- Patient 7
200 -A- Patient 8
0

T
At diagnosis At last follow-up

Time point

lipoprotein; HDL: High density lipoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase.

Beisnidenge  VVICP | https://www.wjgnet.com

December 9,2024 | Volume13 | Issue4



Vanduangden ] et al. Hepatic glycogen storage disease in Thailand

mentation[2]. Patients with GSD type VI, although less reported in Asia, generally have better outcomes than those with
GSD types I, III, and XI. Clinical symptoms and biochemical profiles often improve into adulthood with specific
nutritional therapy, which helps preserve growth, improve glycemic control, and prevent liver complications. In this
study, three children with GSD type VI had normal growth, and two had normal liver enzymes and lipid profiles after
extensive nutritional management. One child, who had poor compliance with uncooked cornstarch but adhered to a high-
protein diet, also achieved good clinical and biochemical outcomes, indicating that tapering treatment for GSD type VI
may be reasonable. In addition, the known ¢.2467C>T (p.GIn823Ter) mutation in PYGL appears to be a potential hotspot,
present in all three individuals with GSD type VI, and could be considered the screening mutation for patients suspected
of GSDs in Thailand.

Nutritional management is the mainstay of treatment, particularly cornstarch supplementation for GSD type I because
of frequent fasting hypoglycemia. However, cornstarch might not be necessary if patients with GSD type III reach
adolescence[12], and only bedtime cornstarch might be considered in GSD types VI and IX. In addition to nutritional
management, a comprehensive, long-term care approach involving the surveillance of disease sequelae based on GSD
subtypes is recommended. Therefore, the precise diagnosis of GSD subtypes can enhance the quality of life, not only by
enabling more targeted nutritional management but also by addressing the potential involvement of other organs[12,13].

In this, all patients received similar nutritional management and long-term surveillance with multidisciplinary teams
in all aspects of growth, metabolic, cardiac, and liver complications. The treatment outcome was favorable, with nearly
normal growth and significant improvement in the biochemical profiles of lipid and liver enzymes. However, after
genetic analysis, two of our patients were diagnosed with GSD types III and VI and experienced frequent hypoglycemia
during their toddler years. As they grow (aged 11 and 14 years), hypoglycemia subsequently improves, allowing them to
discontinue both daytime and nighttime cornstarch supplementation, with only occasional home blood sugar monitoring.
These findings highlight the genetic heterogeneity of GSDs, affirming the use of WES in the diagnosis and clinical
decision-making. A high-protein diet is also advocated in patients with GSD types VI and XI as a protective effect against
overweight/obesity and insulin resistance[20]. This dietary approach was advised for all patients with GSD in this study,
with favorable outcomes; however, its generalizability across all GSD types warrants further study.

This study has several limitations, primarily due to the small sample size, which resulted in low statistical power and
limitations in the generalizability of the findings to all patients with GSDs. A multicenter study focusing on Thai children
with GSDs could provide valuable insights, particularly if it includes investigations into genotype-phenotype correl-
ations, explores novel therapeutic approaches, and evaluates long-term outcomes, particularly given the increased
availability of genetic analysis in recent times. In addition, hypoglycemia, a hallmark of the disease, may be present from
birth and can go undetected, potentially affecting child development—a factor not deeply explored in this study. Finally,
the age at diagnosis and treatment duration among patients may confound the observed improvements in patients’
growth and biochemical profiles.

CONCLUSION

The findings of this study indicate that key features of liver GSDs encompass hepatomegaly, transaminitis, and
hypoglycemia. Stunting or growth retardation is commonly observed. Although a liver biopsy can confirm the diagnosis,
it is unable to identify the specific GSD subtype. Therefore, molecular diagnosis using WES plays a crucial role in
determining the GSD subtype, facilitating tailored treatment for patient subgroups. After the treatment of our patients,
notable enhancements were observed in blood sugar levels, aspartate transaminase, alanine transaminase, and lipid
profiles. Moreover, height and BMI improved after treatment. This underscores the significance of effective nutritional
management in optimizing patient outcomes.
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