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ABSTRACT
Glycogen storage disease 1b (GSD1b) typically presents in early infancy with poor fasting tolerance, hepatomegaly, and neutrope-
nia. We report two siblings who were diagnosed with GSD1b in adulthood. Both had a normal fasting tolerance throughout child-
hood and, as adults, were able to fast for at least 16 h without developing hypoglycaemia. The older sibling developed nodular 
cirrhosis during adolescence. The younger sibling exhibited a more pronounced metabolic phenotype, including hyperuricaemia 
leading to recurrent gout and nephrolithiasis. He experienced occasional episodes of mild neutropenia that were corrected with 
empagliflozin treatment. To our knowledge, these represent the first reported patients with GSD1b presenting in adulthood with 
non-hypoglycaemic complications of the disease and without overt neutropenia or neutrophil dysfunction.

1   |   Introduction

Glycogen storage disease 1b (GSD1b) (OMIM #2322) is an autoso-
mal recessive metabolic disorder caused by pathogenic variants 
in the SLC37A4 gene (OMIM#232220), located on chromosome 
11q23.3. The genetic defect inactivates the glucose-6-phosphate 
transporter (G6PT) of the endoplasmic reticulum (ER). This im-
pairs transport into the endoplasmic reticulum of (1) glucose-
6-phosphate leading to excessive hepatic and renal glycogen 
accumulation as well as (2) 1,5-anhydroglucitol-6-phosphate 
(1,5-AG6P), which underlies the neutropenia and neutrophil dys-
function characteristic of GSD1b [1, 2]. In liver, excess intracel-
lular glucose-6-phosphate, which cannot be dephosphorylated, 
is instead metabolized to pyruvate and lactate, and diverted to 
lipogenesis and to the pentose phosphate pathway. This contrib-
utes to the lactic acidosis, the hypertriglyceridemia and the rise 

in serum uric acid characteristic of both GSD1b and GSD1a [3]. 
The overall pathological cascade is displayed in Figure 1.

GSD1b usually presents as fasting hypoglycaemia and hepato-
megaly in childhood before the age of 6 months [4, 5]. Only rare, 
isolated patients with GSD1b [6] or the related condition GSD Ia 
[7–11], with late diagnosis and milder pathogenic variants have 
been described in the literature.

Patients with GSD1b typically have persistent intolerance to 
fasting into adulthood although fasting tolerance gradually im-
proves with age. Consequently, the mainstay of treatment for 
GSD1b is dietary modification to maintain normoglycaemia 
with regular snacks and meals supplemented with cornstarch 
(or other complex sugars) as a long-acting source of glucose 
[12]. Whilst the length of fasting tolerance increases during 
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adulthood, patients remain at risk of acute metabolic decom-
pensation from hypoglycaemia and metabolic acidosis [13]. 
Progressive liver disease from cirrhosis, hepatic adenomas, and 
hepatocellular carcinoma (HCC) are a major cause of morbid-
ity. In one case series, 8% of patients with GSD1b developed he-
patocellular carcinoma with a mean age of diagnosis of 26 years 
and an average of 7 years from adenoma detection to develop-
ment of HCC [14]. In severe cases associated with multiple ad-
enomas and/or hepatocellular carcinoma or decompensated 
cirrhosis, orthotopic liver transplantation transforms prognosis 
by reversing the risk of death from hepatic complications and 
correcting hypoglycaemia. However, the extrahepatic manifes-
tations of neutropenia persist [15, 16].

Historically, neutropenia was managed with granulocyte 
colony-stimulating factor (G-CSF) to stimulate neutrophil pro-
duction in the bone marrow. Yet, with G-CSF therapy, patients 
continue to accumulate 1,5-AG6P, explaining why this only 

marginally helps to alleviate the immunological manifestations 
associated with low neutrophil counts [17].

Specific clinical features of GSD1b include neutropenia and neu-
trophil dysfunction, which predispose patients with GSD1b to re-
current ulcerations and infections such as gingivitis, oral ulcers, 
respiratory tract infections, abscesses, and enterocolitis [18]. The 
underlying cause was recently linked to the accumulation of 1,5-
AG6P in neutrophils, a potent inhibitor of hexokinases [2]. As a 
result, neutropenia in GSD1b is now often managed with a novel 
therapeutic approach that directly targets the toxic build-up of 1,5-
AG6P in neutrophils [19–21]. This strategy repurposes SGLT2 in-
hibitors, most commonly empagliflozin, originally developed for 
type 2 diabetes mellitus [16]. By blocking renal glucose reabsorp-
tion, these agents indirectly inhibit SGLT5, the renal transporter of 
1,5-AG [22]. The resulting decrease in blood 1,5-AG levels, the pre-
cursor of 1,5-AG6P, improves neutropenia and neutrophil function 
[19]. Clinically, this treatment reduces infection frequency and 
lowers the risk of developing or worsening inflammatory bowel 
disease [23]. It has also been shown to improve quality of life, di-
minish or eliminate the need for G-CSF injections, and reduce 
healthcare-associated costs [24, 25]. The focus of this case series 
is to describe the diagnostic pathway in adulthood, of two siblings 
presenting with attenuated symptoms in their adolescence, their 
long-term management, and clinical outcomes.

2   |   Patient 1

We present a case of a British-Pakistani male born to consan-
guineous parents, with normal developmental milestones and 
initially no health concerns. At the age of 6 months, he was 

Highlights

•	 GSD1b usually presents in early childhood with 
hypoglycaemia, lactic acidosis, hepatomegaly and 
neutropenia.

•	 GSD1b patients can rarely withstand prolonged fast-
ing periods without hypoglycaemic symptoms. The 
absence of these symptoms contributed to the late di-
agnosis in these two patients.

•	 Differing phenotypes and severity can be present even 
in the same underlying GSD1b genotype.

FIGURE 1    |    Consequences of deficiencies in glucose-6-phosphate translocase (G6PT) in GSD1b or glucose-6-phosphatase (G6PC1) in GSD1a on 
liver metabolism. The inability to dephosphorylate glucose-6-phosphate (Glc-6-P) leads to its accumulation in hepatocytes, resulting in increased 
pyruvate production through glycolysis and enhanced lipogenesis, as well as elevated alanine and lactate synthesis. Because Glc-6-P is also diverted 
into the pentose phosphate pathway, ribose-5-phosphate levels rise, partially contributing to elevated uric acid production. This effect is further am-
plified by increased ATP catabolism and subsequent depletion, triggered by hypoglycaemia and the breakdown of nucleotides into uric acid.
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noted to have hepatomegaly and liver function tests showed 
a slightly raised ALT at 54 IU/L (RR: 7–40). The remaining 
liver function tests were normal. He had normal development 
and there were no concerns regarding his growth. At age 17, 
liver ultrasound scan showed markedly bright and diffusely 
coarse nodular liver with at least three hypoechoic solid le-
sions. Further metabolic investigations including plasma 
amino acids, urine organic acids, plasma lactate, plasma am-
monia and acylcarnitine profile at that time did not reveal 
a cause. He remained on long-term MRI surveillance under 
hepatology  which over time showed stable appearance of 
hepatic cirrhotic nodules on a background of steatohepatitis 
and moderate fibrosis. HisMRI at age 33 (Figure S1) showed 
cirrhotic liver with multiple siderotic nodules and no suspi-
cious focal  hepatic lesions suggestive of HCC. There was 
persistent mild elevation in serum transaminases with nor-
mal synthetic function (Table  S1) and undetectable alpha-
fetoprotein (AFP). Upper gastrointestinal endoscopy at the 
age of 31 showed mild gastritis with no oesophageal or gastric 
varices. Eighteen months later his AFP was raised to 145 U/L 
and a repeat MRI scan confirmed an HCC of 11 mm and sev-
eral dysplastic nodules. He is currently being considered for 
liver transplantation.

Throughout life, he has been able to fast for prolonged periods, 
up to 16 h as an adult without obvious symptoms and remains in 
good general health. He had one episode of gout at 32 years for 
which he takes regular allopurinol 300 mg once daily.

At the age of 29, he was enrolled in the 100 000 genomes proj-
ect [26] which identified a homozygous pathogenic variant 
c.1243C>T p. (Arg415Ter) in the SLC37A4 gene coding for 
G6PT, consistent with GSD1b.

Neutrophil counts (Table S1) and serum urate were within the 
normal range on serial measurements. No significant recurrent 
infections or inflammatory bowel disease symptoms were noted. 
Interestingly, he was consistently hypocholesterolaemic with 
only intermittently mildly raised triglycerides. Altogether, this 
suggested a very mild metabolic phenotype. Blood 1,5-AG was 
measured and shown to be in the average range of 150 μmol/L 
(Table  1) as found in healthy individuals [27], but remarkably 
he had no history of infections and kept a consistently normal 
neutrophil count (see Table 1).

Concerning his diet, he did not drink alcohol and remarkably 
was able to fast for religious purposes often between 12 to 18 h 
without any obvious symptoms. During religious fasting, some 
advice was given to increase protein intake in a high carbohy-
drate meal with the meal at night. Continuous glucose monitor 
(CGM) Libre showed blood glucose between 4.0 to 10.0 mmol/L 
for 96% of the time. CGM was recorded for one week (age 29) 
using a Dexcom 6 device and again (age 33 and 34) using an 
Abbot Libre device (Table  S2). The data collected was timed 
to cover both fasting and non-fasting days. These measure-
ments did show that blood glucose could drop to between 3.0 
and 3.9 mmol/L (normal range was defined at between 4.0 and 
10.0 mmol/L) and this was more likely to occur when fasting for 
prolonged period, i.e., over 10 h. CGM done at the age of 29 years 
showed that blood glucose did not drop below 4.0 mmol/L. At 
the age of 33 years, blood glucose was above 10.0 mmol/L for 1% 
of the time and at 34 years, blood glucose was above 10.0 mmol/L 
4% of the time. Plasma lactate values during CGM monitoring is 
not available. Plasma lactate has never been raised when mea-
sured routinely in clinic.

Body weight remained stable during the last 6 years of follow-up. 
Mean weight was 70.26 ± 1.06 kg and calorie intake was between 
1600 and 2000 kcal daily. Dietary protein remained close to 75 g 
daily except during fasting, when it was reduced to 60 g daily. His 
carbohydrate intake accounts for 44% of his total calorie intake.

3   |   Patient 2

A 28-year-old male, the younger brother of Patient 1, was born 
at term and had normal development. Throughout childhood 
there were no concerns regarding his development and growth 
(current height 169 cm). In childhood, his liver function tests 
showed persistently mildly elevated ALT/AST with maximum 
reported value of 80/69 IU/L, respectively. Clinical examination 
showed mild hepatomegaly with liver ultrasounds at the age of 
13 and 16 years confirming fatty liver. A fibroscan at the same 
time was normal (3.4–3.5 kilopascals), ruling out fibrosis. A liver 
MRI at 24 years old showed less pronounced hepatomegaly with 
less prominent steatohepatitis and nodular change compared 
with his brother. Like his brother, initial investigations for an 
underlying aetiology were not forthcoming. He was found to be 
alpha-1-antitrypsin phenotype PM (poor metaboliser) with a low 

TABLE 1    |    Neutrophil counts and concentration of blood 1,5-AG measured in dry blood spots [28].

Subject Patient 1 (aged 33) Patient 2 (aged 29)

Sample Baseline
At 3-month 
follow-up Baseline At 3-month follow-up

Treatment None None None
Empagliflozin 

(0.17 mg/kg/day)

Blood 1,5-AG (μM) 142 153 143 21

Neutrophil counts (ANC × 109/L) (RR 
1.8–7.5)

2.28 (SD ±0.3) 2.4 2.21 (SD ±0.97) 2.8

Note: Empagliflozin treatment was started at the dose of 10 mg once daily (0.17 mg/kg/day) and continued at the same dose for 27 months. 1,5-AG: 1,5-anhydroglucitol; 
ANC: absolute neutrophil count; RR- reference range.
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alpha-1-antitrypsin level of 0.7 but this was not felt to be a major 
contributor to his liver disease (Table S3).

At the age of 25, following his brother's diagnosis of GSD1b, he 
was tested and found to also carry the same homozygous variant 
c.1243C>T p.(Arg415Ter) in the SLC37A4 gene.

In adulthood, he developed uric acid with kidney stones ap-
pearing around 20 years old and this is now followed up in the 
urology department. He also had one gout episode and is since 
treated with allopurinol (300 mg once daily). His usual fasting 
tolerance is up to 16 h, like his brother. However, subjectively 
at the age of 25, he reported hypoglycaemia symptoms and 
minor hypoglycaemic periods were recorded overnight with 
CGM (glucose 3–3.9 mmol/L). He also showed evidence of os-
teopaenia on DEXA (Table S4) and was started on vitamin D 
1000 IU daily.

No significant infections requiring hospital admission were 
noted but he recalled experiencing more childhood infections 
and taking longer to recover than his sibling. Occasionally, he 
has also suffered from mouth ulcers, and mild neutropenia was 
also recorded.

We were surprised by the observation that neither of the sib-
lings had a pronounced neutropenia despite their GSD1b di-
agnosis (Tables  1, S1 and S3). This led to the measurement 
of their blood concentration of 1,5-AG (Table 1), in case this 
would be particularly low, due for example to a heterozygous 
variant in SGLT5 that lowered renal 1,5-AG reabsorption. 
These variants are present in the heterozygous state in ap-
proximately 2% of the population [22] and have already been 
shown to lower blood 1,5-AG and attenuate neutropenia in a 
G6PC3-deficient patient [29]. However, as mentioned above 
(Table 1), both siblings had blood levels of 1,5-AG in the aver-
age range of 150 μmol/L [27], which did not explain their fairly 
normal neutrophil counts.

Yet, since sibling 2 had a mild neutropenia (Tables  1 and S3), 
with neutrophil counts that were, however, well above what is 
normally seen in other GSD1b patients, and since he showed 
painful mouth ulceration, it was decided to begin empagliflozin 
treatment with 10 mg once daily (0.17 mg/kg/day) to try to im-
prove this. This lowered blood 1,5-AG, corrected the neutrope-
nia (Table 1), and resulted in the remission of the mouth ulcers. 
Interestingly, the blood 1,5-AG levels on empagliflozin were 
about half (±20 μM) of what is commonly seen in empagliflozin-
treated GSD1b adults, likely due to the absence of cornstarch in-
take [30] (Table 1).

At the age of 28, his CGM readings prior to treatment indicated 
that he was within the target range of 4.0–10.0 mmol/L for 72% 
of the recording with the remaining 28% of readings falling in 
the mildly hypoglycaemic range of 3.0–3.9 mmol/L. This was 
mainly at night whilst asymptomatic and after not eating prior to 
sleep. Plasma lactate was marginally raised at 3.21–4.40 mmol/L 
(0.5–2.2). After treatment with empagliflozin his readings are in 
target range for 99% of the time with only one episode of hypo-
glycaemia noted that was very brief and self-resolved (Table S5). 
He does not follow a typical GSD1b diet in that he does not take 
cornstarch, modified starch or have an overnight enteral feed. 

He is aware of dietetic advice regarding complex carbohydrates. 
His total carbohydrate intake is approximately 48% of his total 
calorie intake.

He remained relatively well on limited dietary modification 
such as regular carbohydrate meals during the daytime. He has 
not suffered from a further gout attack since starting allopuri-
nol therapy and maintains a normal neutrophil count on em-
pagliflozin. Hepatic surveillance continues to show stable mild 
steatohepatosis, with normal liver transaminases, synthetic 
function and undetectable AFP. He has regular liver MRI on an 
annual basis.

4   |   Discussion

This paper describes the diagnosis and clinical course of two 
siblings with GSD1b diagnosed in adulthood. Both presented 
with steatosis and mildly raised serum ALT in childhood, but 
the older sibling (Patient 1) showed a more marked hepatic pa-
thology with cirrhotic nodular change evident on imaging from 
adolescence.

The variant found in both siblings, c.1243C>T p.(Arg415Ter) 
results in the loss of the entire 15 amino acid cytoplasmic tail 
of the carboxyl-domain, including the ER retention signal of 
G6PT (Figure 2 and [1]). Interestingly, the two siblings exhib-
ited a pronounced liver phenotype that partially resembled the 
liver dysfunction seen in the dominantly inherited congenital 
disorder of glycosylation caused by a de novo variant in SLC37A4 
c.1267C>T (p.Arg423Ter) [29, 31, 32], rather than the typical 
GSD1b presentation characterized by hypoglycaemia and neu-
tropenia. This atypical presentation delayed diagnosis until late 
adulthood. Consequently, we decided to analyse transferrin gly-
cosylation, which was found to be normal, thereby excluding 
glycosylation defects as the cause of the observed liver dysfunc-
tion (Table S3), as was seen in the patients with the congenital 
disorder of glycosylation.

The Arg415Ter variant has previously been reported in the lit-
erature, both in a compound heterozygous state, in a GSD1b 
patient without obvious signs or symptoms of neutropenia [33], 
and in two siblings of Afro-Caribbean origin in the homozygous 
state, although their neutropenia status was not documented 
[34]. The two siblings reported here showed prolonged fasting 
tolerance of over 16 h, compared to the typical 2–4 h in most 
GSD1b patients [35], which likely explains why they remained 
undiagnosed for GSD1b.

This mild phenotype is most likely related to a possible re-
sidual transport activity of the mutant protein, as indicated 
in functional studies of recombinant G6PT-Arg415Ter over-
expressed in COS-1 cells [36]. In that study, the mutant re-
tained approximately 47% of the transport activity of wild-type 
G6PT, whereas other mutants associated with more severe 
and classical GSD1b phenotypes completely lacked microso-
mal glucose-6-phosphate uptake. Notably, and as expected, 
shorter truncation mutants exhibited lower residual activity, 
whereas longer mutants retained higher activity. When the 
stop codon was introduced between residues 418 and 427, the 
resulting mutants displayed transport activity comparable to 
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wild-type G6PT, indicating that these truncated mutants can 
retain substantial transport function in this experimental sys-
tem. This observation is consistent with the finding that the 
Arg423Ter mutant preserves transport activity but not ER re-
tention [29, 31, 32].

Regarding the absence or very mild neutropenia in these sib-
lings, the delayed diagnosis meant they were not prescribed the 
typical GSD1b diet rich in complex carbohydrates with a high 
glycaemic index. It was previously observed that GSD1b patients 
typically have 2-3-fold higher blood levels of 1,5-AG compared 
with G6PC3-deficient patients or healthy controls, a difference 
attributable to regular intake of complex carbohydrates [28, 31]. 
In fact, Table 1 shows that pre-treatment 1,5-AG concentrations 
in these two siblings were approximately 150 μM, compared with 
350–400 μM reported in published GSD1b patients [37]. Since we 
have shown that 1,5-AG6P concentrations in neutrophils are di-
rectly related to circulating 1,5-AG levels [19, 30], it is likely that 
the combination of residual Arg415Ter activity and the patients' 
lower blood levels of 1,5-AG prevented excessive 1,5-AG6P accu-
mulation in neutrophils, thereby explaining their absent or very 
mild neutropenia.

Both siblings had prolonged fasting tolerance of over 16 h com-
pared with the typical 4 h in most GSD1b patients. They had no 
requirement for medical intervention for hypoglycaemia in in-
fancy as typically seen as a presenting feature of GSD 1b. On 
the other hand, bone density was also noted to be lower in the 
younger sibling, in agreement with impairment of bone metab-
olism, as has previously been noted in poorly metabolic con-
trolled patients with hepatic GSDs [38].

The late diagnosis of both siblings is surprising as by then they 
had completed several episodes of religious fasting without re-
quiring medical attention. It is unclear if they experienced signif-
icant subclinical hypoglycaemia at these times. Retrospectively, 
the younger sibling was noted to be less active and more fatiga-
ble than his older sibling, suggesting potentially hypoglycaemia 
during these fasts.

Empagliflozin had a marked effect on many laboratory param-
eters for the younger sibling, including improved neutrophil 
count and reduced 1,5-AG levels. Clinically, there were no epi-
sodes of infection, development of inflammatory bowel disease, 
or symptomatic hypoglycaemia since starting therapy, in agree-
ment with prior experience of empagliflozin therapy in GSD1b 
[39]. None of the known side effects, such as genito-urinary irri-
tation and infection [24].

To our knowledge, these are the first reported patients with at-
tenuated GSD1b presenting with hepatic and metabolic compli-
cations but without significant hypoglycaemia or neutropenia. 
The cases demonstrate the importance of considering a hepatic 
glycogen storage disorder as a cause of premature liver disease 
(hepatic steatosis or fibrosis) even in the absence of a significant 
history of hypoglycaemia.

5   |   Conclusions

GSD1b may be diagnosed in adulthood with chronic liver dis-
ease rather than hypoglycaemia. Differing phenotypes may be 
observed even in individuals with the same genotype.

FIGURE 2    |    Illustration of the glucose-6-phosphate transporter (SLC37A4) showing pathogenic variants R415X (Arg415Ter) mutated in GSD1b 
and R423X (Arg423Ter) mutated in CDG patients, both located close to the endoplasmic reticulum (ER) retention signal.

CYTOPLASM

TM1 TM2 TM10TM9TM4 TM5TM3 TM7 TM8TM6

R
N I

R
T

K
MG

R
V

S
K
K

A E

GSD1b
R415X

CDG
R423X

G
QA

AM

G
Y

NH2

COOH

ER LUMEN

ER retention
signal

 21928312, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jm

d2.70079 by U
niversite C

atholique D
e L

ouvain, W
iley O

nline L
ibrary on [27/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 7 JIMD Reports, 2026

Author Contributions

G.L., K.M.S., M.V.C., A.W. – conceptualization, M.V.C., C.D., P.N. – data 
interpretation, G.L., M.V.C., K.M.S. – writing. All authors reviewed the 
last version of the manuscript.

Acknowledgements

The authors would like to thank the clinical and dietetic staff involved 
in the care of this family throughout their life.

Funding

The authors have nothing to report.

Ethics Statement

The authors have nothing to report.

Consent

The written consent was obtained from both patients.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. L.-Y. Chen, C.-J. Pan, J.-J. Shieh, and J.-Y. Chou, “Structure-Function 
Analysis of the Glucose-6-Phosphate Transporter Deficient in Glycogen 
Storage Disease Type Ib,” Human Molecular Genetics 11, no. 25 (2002): 
3199–3207, https://​doi.​org/​10.​1093/​hmg/​11.​25.​3199.

2. M. Veiga-da-Cunha, N. Chevalier, X. Stephenne, et  al., “Failure to 
Eliminate a Phosphorylated Glucose Analog Leads to Neutropenia in Pa-
tients With G6PT and G6PC3 Deficiency,” Proceedings of  the  National 
Academy of Sciences of the United States of America 116, no. 4 (2019): 
1241–1250, https://​doi.​org/​10.​1073/​pnas.​18161​43116​.

3. D. S. Bali, A. El-Gharbawy, S. Austin, et al., “‘Glycogen Storage Dis-
ease Type I',” in GeneReviews, ed. M. P. Adam, J. Feldman, and G. M. 
Mirzaa (University of Washington, 2021), https://​www.​ncbi.​nlm.​nih.​
gov/​books/​​NBK13​12/​.

4. J. Zimprich, R. Sulaiman, and S. Nanton, “Clinical Presentation of 
Glycogen Storage Disease Type 1b (GSD1b): 1403,” American Journal of 
Gastroenterology 107 (2012): 95.

5. P. S. Kishnani, S. L. Austin, J. E. Abdenur, et al., “Diagnosis and 
Management of Glycogen Storage Disease Type I: A Practice Guideline 
of the American College of Medical Genetics and Genomics,” Genetics 
in Medicine 16 (2014): e1, https://​doi.​org/​10.​1038/​gim.​2014.​128.

6. Y. E. Boru, K. Moral, N. Ekmen, and M. Cindoruk, “Diagnosing Gly-
cogen Storage Disease Type 1b in Adulthood: A Case With Multiple He-
patocellular Adenomas,” Hepatology Forum 6 (2024): 26–28, https://​doi.​
org/​10.​14744/​​hf.​2024.​2024.​0008.

7. D. Quackenbush, J. Devito, L. Garibaldi, and M. Buryk, “Late Pre-
sentation of Glycogen Storage Disease Types of Ia and III in Children 
With Short Stature and Hepatomegaly,” Journal of Pediatric Endocri-
nology and Metabolism 31 (2018): 473–478, https://​doi.​org/​10.​1515/​
jpem-​2017-​0209.

8. J. J. Shieh, Y. H. Lu, S. W. Huang, et al., “Misdiagnosis as Steatohep-
atitis in a Family With Mild Glycogen Storage Disease Type 1a,” Gene 
509, no. 1 (2012): 154–157, https://​doi.​org/​10.​1016/j.​gene.​2012.​07.​057.

9. J. Kuzy, Y. Pulipati, and T. Robertson, “Previously Undiagnosed Ge-
netic Disease in an Adult Patient With Hepatic Masses and a Reported 
History of Congenital Hyperinsulinism,” BMJ Case Reports 17 (2024): 
e259355, https://​doi.​org/​10.​1136/​bcr-​2023-​259355.

10. D. Cassiman, L. Libbrecht, C. Verslype, et al., “An Adult Male Pa-
tient With Multiple Adenomas and a Hepatocellular Carcinoma: Mild 
Glycogen Storage Disease Type Ia,” Journal of Hepatology 53 (2010): 
213–217, https://​doi.​org/​10.​1016/j.​jhep.​2010.​03.​002.

11. T. Araoka, H. Takeoka, H. Abe, et al., “Early Diagnosis and Treat-
ment May Prevent the Development of Complications in an Adult Pa-
tient With Glycogen Storage Disease Type Ia,” Internal Medicine 49 
(2010): 1787–1792, https://​doi.​org/​10.​2169/​inter​nalme​dicine.​49.​3425.

12. K. M. Ross, I. A. Ferrecchia, K. R. Dahlberg, M. Dambska, P. T. 
Ryan, and D. A. Weinstein, “Dietary Management of the Glycogen 
Storage Diseases: Evolution of Treatment and Ongoing Controversies,” 
Advances in Nutrition 11 (2020): 439–446, https://​doi.​org/​10.​1093/​advan​
ces/​nmz092.

13. M. Kaczor, D. Wesół-Kucharska, M. Greczan, et al., “'Clinical Char-
acteristics and Long-Term Outcomes of Patients With Glycogen Storage 
Disease Type 1b: A Retrospective Multi-Center Experience in Poland,” 
Pediatric Endocrinology Diabetes and Metabolism 28 (2022): 207–212, 
https://​doi.​org/​10.​5114/​pedm.​2022.​116115.

14. H. J. Jang, H. R. Yang, J. S. Ko, J. S. Moon, J. Y. Chang, and J. K. Seo, 
“Development of Hepatocellular Carcinoma in Patients With Glycogen 
Storage Disease: A Single Center Retrospective Study,” Journal of Korean 
Medical Science 35 (2020): e5, https://​doi.​org/​10.​3346/​jkms.​2020.​35.​e5.

15. S. Murko, M. Peschka, K. Tsiakas, S. Schulz-Jürgensen, U. 
Herden, and R. Santer, “Liver Transplantation in Glycogen Storage 
Disease Type Ib: The Role of SGLT2 Inhibitors,” Molecular Genetics 
and Metabolism Reports 35 (2023): 100977, https://​doi.​org/​10.​1016/j.​
ymgmr.​2023.​100977.

16. M. Veiga-da-Cunha, S. B. Wortmann, S. C. Grünert, and E. Van 
Schaftingen, “Treatment of the Neutropenia Associated With GSD1b 
and G6PC3 Deficiency With SGLT2 Inhibitors,” Diagnostics 13 (2023): 
1803, https://​doi.​org/​10.​3390/​diagn​ostic​s1310​1803.

17. T. F. Roe, T. D. Coates, D. W. Thomas, J. H. Miller, and V. Gilsanz, 
“Treatment of Chronic Inflammatory Bowel Disease in Glycogen Stor-
age Disease Type Ib With Colony-Stimulating Factors,” New England 
Journal of Medicine 326 (1992): 1666–1669, https://​doi.​org/​10.​1056/​
nejm1​99206​18326​2504.

18. J. Y. Chou, H. S. Jun, and B. C. Mansfield, “Neutropenia in Type Ib 
Glycogen Storage Disease,” Current Opinion in Hematology 17 (2010): 
36–42, https://​doi.​org/​10.​1097/​MOH.​0b013​e3283​31df85.

19. S. B. Wortmann, J. L. K. Van Hove, T. G. J. Derks, et al., “Treating 
Neutropenia and Neutrophil Dysfunction in Glycogen Storage Disease 
Type Ib With an SGLT2 Inhibitor,” Blood 136 (2020): 1033–1043, https://​
doi.​org/​10.​1182/​blood.​20190​04465​.

20. S. C. Grünert, T. G. J. Derks, H. Mundy, et al., “Treatment Recom-
mendations for Glycogen Storage Disease Type IB-Associated Neutro-
penia and Neutrophil Dysfunction With Empagliflozin: Consensus 
From an International Workshop,” Molecular Genetics and Metabolism 
141 (2024): 108144, https://​doi.​org/​10.​1016/j.​ymgme.​2024.​108144.

21. S. C. Grünert, T. G. J. Derks, H. Mundy, et al., “Empagliflozin for 
Treating Neutropenia and Neutrophil Dysfunction in 21 Infants With 
Glycogen Storage Disease 1b,” Molecular Genetics and Metabolism 142 
(2024): 108486, https://​doi.​org/​10.​1016/j.​ymgme.​2024.​108486.

22. J. Diederich, P. Mounkoro, H. A. Tirado, N. Chevalier, E. Van 
Schaftingen, and M. Veiga-da-Cunha, “SGLT5 Is the Renal Trans-
porter for 1,5-Anhydroglucitol, a Major Player in Two Rare Forms of 

 21928312, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jm

d2.70079 by U
niversite C

atholique D
e L

ouvain, W
iley O

nline L
ibrary on [27/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/hmg/11.25.3199
https://doi.org/10.1073/pnas.1816143116
https://www.ncbi.nlm.nih.gov/books/NBK1312/
https://www.ncbi.nlm.nih.gov/books/NBK1312/
https://doi.org/10.1038/gim.2014.128
https://doi.org/10.14744/hf.2024.2024.0008
https://doi.org/10.14744/hf.2024.2024.0008
https://doi.org/10.1515/jpem-2017-0209
https://doi.org/10.1515/jpem-2017-0209
https://doi.org/10.1016/j.gene.2012.07.057
https://doi.org/10.1136/bcr-2023-259355
https://doi.org/10.1016/j.jhep.2010.03.002
https://doi.org/10.2169/internalmedicine.49.3425
https://doi.org/10.1093/advances/nmz092
https://doi.org/10.1093/advances/nmz092
https://doi.org/10.5114/pedm.2022.116115
https://doi.org/10.3346/jkms.2020.35.e5
https://doi.org/10.1016/j.ymgmr.2023.100977
https://doi.org/10.1016/j.ymgmr.2023.100977
https://doi.org/10.3390/diagnostics13101803
https://doi.org/10.1056/nejm199206183262504
https://doi.org/10.1056/nejm199206183262504
https://doi.org/10.1097/MOH.0b013e328331df85
https://doi.org/10.1182/blood.2019004465
https://doi.org/10.1182/blood.2019004465
https://doi.org/10.1016/j.ymgme.2024.108144
https://doi.org/10.1016/j.ymgme.2024.108486


7 of 7JIMD Reports, 2026

Neutropenia,” Cellular and Molecular Life Sciences 80 (2023): 259, 
https://​doi.​org/​10.​1007/​s0001​8-​023-​04884​-​8.

23. A. Rossi, E. Miele, S. Fecarotta, et  al., “Crohn Disease-Like En-
terocolitis Remission After Empagliflozin Treatment In A Child With 
Glycogen Storage Disease Type Ib: A Case Report,” Italian Journal of 
Pediatrics 47 (2021): 149, https://​doi.​org/​10.​1186/​s1305​2-​021-​01100​-​w.

24. S. C. Grünert, T. G. J. Derks, K. Adrian, et al., “Efficacy and Safety 
of Empagliflozin in Glycogen Storage Disease Type Ib: Data From an 
International Questionnaire,” Genetics in Medicine: Official Journal of 
the American College of Medical Genetics 24 (2023): 1781–1788, https://​
doi.​org/​10.​1016/j.​gim.​2022.​04.​001.

25. T. G. J. Derks, A. Venema, C. Köller, et al., “Repurposing Empagli-
flozin in Individuals With Glycogen Storage Disease Ib: A Value-Based 
Healthcare Approach and Systematic Benefit-Risk Assessment,” Jour-
nal of Inherited Metabolic Disease 47 (2024): 244–254, https://​doi.​org/​
10.​1002/​jimd.​12714​.

26. Genomics England, 100,000 Genomes Project (2025), https://​www.​
genom​icsen​gland.​co.​uk/​initi​atives/​10000​0-​genom​es-​project.

27. E. Selvin, B. Warren, X. He, D. B. Sacks, and A. K. Saenger, “Estab-
lishment of Community-Based Reference Intervals for Fructosamine, 
Glycated Albumin, and 1,5-Anhydroglucitol,” Clinical Chemistry 64, 
no. 5 (2018): 843–850, https://​doi.​org/​10.​1373/​clinc​hem.​2017.​285742.

28. J. P. Dewulf, N. Chevalier, S. Marie, and M. Veiga-da-Cunha, “DBS 
Are Suitable for 1,5-Anhydroglucitol Monitoring in GSD1b and G6PC3-
Deficient Patients Taking SGLT2 Inhibitors to Treat Neutropenia,” Mo-
lecular Genetics and Metabolism 140 (2023): 107712, https://​doi.​org/​10.​
1016/j.​ymgme.​2023.​107712.

29. T. Marquardt, V. Bzduch, M. Hogrebe, et al., “SLC37A4-CDG: Mislo-
calization of the Glucose-6-Phosphate Transporter to the Golgi Causes 
a New Congenital Disorder of Glycosylation,” Molecular Genetics and 
Metabolism Reports 25 (2020): 100636, https://​doi.​org/​10.​1016/j.​ymgmr.​
2020.​100636.

30. M. Veiga-da-Cunha, L. Gannoun, J. Dewulf, and E. Van Schaftin-
gen, “Pathophysiology of the Neutropenia of GSDIb and G6PC3 Defi-
ciency: Origin, Metabolism and Elimination of 1,5-Anhydroglucitol,” 
Journal of Inherited Metabolic Disease 48 (2025): e70085, https://​doi.​org/​
10.​1002/​jimd.​70085​.

31. B. G. Ng, P. Sosicka, F. Fenaille, et  al., “A Mutation in SLC37A4 
Causes a Dominantly Inherited Congenital Disorder of Glycosylation 
Characterized by Liver Dysfunction,” American Journal of Human Ge-
netics 108 (2021): 1040–1052, https://​doi.​org/​10.​1016/j.​ajhg.​2021.​04.​013.

32. M. P. Wilso, D. Quelhas, E. Leão-Teles, et al., “SLC37A4-CDG: Sec-
ond Patient,” JIMD Reports 6 (2021): 122–128, https://​doi.​org/​10.​1002/​
jmd2.​12195​.

33. M. Veiga-da-Cunha, I. Gerin, Y.-T. Chen, et  al., “The Putative 
Glucose-6-Phosphate Translocase Gene Is Mutated in Essentially All 
Cases of Glycogen Storage Disease Type I Non-a,” European Journal 
of Human Genetics 7 (1999): 717–723, https://​doi.​org/​10.​1038/​sj.​ejhg.​
5200366.

34. S. Kure, D. C. Hou, Y. Suzuki, et al., “Glycogen Storage Disease Type 
Ib Without Neutropenia,” Journal of Pediatrics 137 (2000): 253–256, 
https://​doi.​org/​10.​1067/​mpd.​2000.​107472.

35. M. Nana, C. Anastasopoulou, N. S. Parikh, and R. Ahlawat, “Glyco-
gen Storage Disease Type I',” in StatPearls (StatPearls Publishing, 2025).

36. L. Y. Chen, B. Lin, C. J. Pan, H. Hiraiwa, and J. Y. Chou, “Structural 
Requirements for the Stability and Microsomal Transport Activity of 
the Human Glucose 6-Phosphate Transporter,” Journal of Biological 
Chemistry 275, no. 44 (2000): 34280–34286, https://​doi.​org/​10.​1074/​jbc.​
M0064​39200​.

37. Z. Hexner-Erlichman, M. Veiga-da-Cunha, Y. Zehavi, et al., “Favor-
able Outcome of Empagliflozin Treatment in Two Pediatric Glycogen 

Storage Disease Type 1b Patients,” Frontiers in Pediatrics 10 (2022): 
1071464, https://​doi.​org/​10.​3389/​fped.​2022.​1071464.

38. J. T. Jacoby, B. Bento Dos Santos, T. Nalin, et al., “Bone Mineral Den-
sity in Patients With Hepatic Glycogen Storage Diseases. Nutrients,” 13 
(2021): 2987, https://​doi.​org/​10.​3390/​nu130​92987​.

39. J. Bidiuk, Z. A. Gaciong, and P. Sobieraj, “The Overall Benefits of 
Empagliflozin Treatment in Adult Siblings With Glycogen Storage 
Disease Type Ib: One Year Experience,” Archives of Medical Science 23 
(2022): 1095–1099, https://​doi.​org/​10.​5114/​aoms/​150029.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Table  S1: Case 1 laboratory results 
aged 33 years old. Table  S2: Calorific intake and nutrition profile for 
Case 1 aged 29–34 years old. Table  S3: Case 2 laboratory results in-
cluding comparison between values before and after treatment with 
empagliflozin. Table S4: DEXA scan results for Case 2 aged 28 years 
old. Table  S5: Dietary intake and nutrition profile for Case 2 aged 
26–31 years old. Figure S1: MRI Liver T2 weighted image in Case 1 
aged 31 years old showing cirrhotic appearance and hepatic nodule. 
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