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Abstract

Background Glycogen storage disease type Ib (GSD Ib) is a rare disorder characterized by impaired glucose
homeostasis caused by mutations in the SLC37A4 gene. It is a severe inherited metabolic disease associated with
hypoglycemia, hyperlipidemia, lactic acidosis, hepatomegaly, and neutropenia. Traditional treatment consists of
feeding raw cornstarch which can help to adjust energy metabolism but has no positive effect on neutropenia, which
is fatal for these patients. Recently, the pathophysiologic mechanism of the neutrophil dysfunction and neutropenia
in GSD Ib has been found, and the treatment with the SGLT2 inhibitor empaglifozin is now well established. In 2020,
SGLT2 inhibitor empagliflozin started to be used as a promising efficient remover of 1,5AG6P in neutrophil of GSD Ib
patients worldwide. However, it is necessary to consider long-term utility and safety of a novel treatment.

Results In this study, we retrospectively examined the clinical manifestations, biochemical examination results,
genotypes, long-term outcomes and follow-up of thirty-five GSD Ib children who visited our department since 2009.
Fourteen patients among them underwent empagliflozin treatment since 2020. This study is the largest cohort of
pediatric GSD Ib patients in China as well as the largest cohort of pediatric GSD Ib patients treated with empagliflozin
in a single center to date. The study also discussed the experience of long-term management on pediatric GSD Ib
patients.

Conclusion Empagliflozin treatment for pediatric GSD Ib patients is efficient and safe. Increase of urine glucose is a
signal for pharmaceutical effect, however attention to urinary infection and hypoglycemia is suggested.
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Introduction

Glycogen storage disease type Ib (GSD Ib, OMIM
232,220) is an autosomal recessive inherited disease
caused by mutations in the gene SLC37A4 (also known as
G6PT) encoding microsomal glucose-6-phosphate trans-
locase (G6PT) [1]. Defects in G6PT lead to decreased
translocation of glucose-6-phosphate from the cytosol
into the endoplasmic reticulum, where it is hydrolyzed
by glucose-6-phosphatase into glucose and phosphate.
Impaired glucose homeostasis results in a series of meta-
bolic manifestations in GSD Ib patients, characterized by
interprandial hypoglycemia following a short fast as well
as hepatomegaly, nephromegaly, hyperlactatemia, hyper-
lipidemia and hyperuricemia [2, 3]. In addition, neutro-
penia, dysfunction of neutrophils (NEU) and Crohn-like
inflammatory bowel disease (IBD) are also reported [4].

GSD Ib is a rare disorder with an estimated incidence
of 1/500,000 [5]. Patients with GSD Ib have a poor quality
of life and are often afflicted with metabolic disturbances,
recurrent infections, renal dysfunction, and hepatocel-
lular adenoma or even hepatocellular carcinoma in the
long term [6-8]. In the absence of effective drug treat-
ments, uncooked cornstarch (UCCS) and symptomatic
therapies including injections of granulocyte colony-
stimulating factor (GCSF) and allopurinol, have been
the principal treatment options. Liver transplantation is
effective for GSD Ia but does not ameliorate myeloid dys-
function in GSD Ib patients [9-11]. Recently, the mech-
anism of neutropenia and dysfunction of neutrophils
in GSD Ib patients was revealed. It is associated with
the accumulation of 1,5-anhydroglucitol-6-phosphate
(1,5AG6P), formed from 1,5-anhydroglucitol (1,5-AG) as
a byproduct of side reactions of glucose-phosphorylating
enzymes. Inhibitors of the kidney glucose transporter
SGLT2 could reduce the level of 1,5AG6P in blood by
increasing 1,5-AG urinary excretion and restore neu-
trophil function [12, 13]. Therefore, multiple medical
centers worldwide have used the SGLT2 inhibitor empa-
gliflozin as a potential treatment option for neutropenia
and neutrophil dysfunction in patients with GSD Ib since
2020 [14-17].

The incidence rate of GSD Ib is much lower than GSD
Ia. So far there are less than 5 hundred GSD Ib patients
reported worldwide. Only a few studies with small sam-
ple size on GSD Ib have been found in the literature
[18-22]. These studies did not cover the general profiles
of clinical manifestations, genetics, biochemical exami-
nation results and long-term outcomes of pediatric GSD
Ib patients. In this study, we enrolled 35 children with
GSD Ib who visited our hospital since 2009. They visited
our hospital, a tertiary pediatric care center and the larg-
est pediatric hospital in southern China. It is the largest
cohort of pediatric GSD Ib patients in China. Their clini-
cal records and results of auxiliary examinations were
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obtained, and treatment with new therapy was retro-
spectively recorded. Among them, 14 pediatric patients
received empagliflozin treatment with a cumulative treat-
ment time greater than 24 years, which was the longest
cumulative treatment time reported to date. This study
summarizes systematic documentation on the pediatric
GSD Ib population in southern China.

Materials and methods

Study participants

A total of 35 patients with a diagnosis of GSD Ib were
recruited for the study. The patients visited the Depart-
ment of Genetics and Endocrinology at Guangzhou
Women and Children’s Medical Center, a tertiary pediat-
ric care center, since 2009, including 6 patients reported
previously [22]. Comprehensive examinations were
conducted during their first hospitalization, and the
diagnosis of GSD Ib was made based on the clinical char-
acteristics, specific collection of abnormal biochemical
results and molecular genetics assessments. Examina-
tions, including blood glucose, lactic acid, liver and kid-
ney function and routine blood tests, were performed
repeatedly during follow-up. Revisits were performed
on the basis of both medical advice and arrangements of
the patients. Detailed patient information was retrospec-
tively extracted from the hospital’s medical database.

Laboratory examinations

The following laboratory examinations were performed
at the Department of Clinical Laboratory of our hospital:
(1) blood glucose and lactic acid were examined using a
GEM Premier 3000 analyzer (Instrumentation Labora-
tory Company, Bedford, MA, USA); (2) hepatic and renal
function and blood lipids were measured with an auto-
biochemical blood analyzer (Hitachi Lid. 7180 Serial,
Tokyo, Japan); and (3) routine blood tests were per-
formed by a blood cell counter (XT-1800i, Sysmex, Kobe,
Japan).

Genotyping

Genomic DNA was extracted from peripheral leuko-
cytes using a standard procedure. The exon sequences
and adjoining intron boundaries of the SLC37A4 gene
were amplified by polymerase chain reaction (PCR) using
specific primers designed by Primer Premier 5 software.
The PCR products were directly sequenced using an
ABI 3730x] DNA Analyzer. Chromas software was used
to read the sequencing chromatograms, and DNAMAN
software was used to align the exported sequences with
the reference sequence (NM_001164277.2). Polymor-
phic alleles were excluded based on the search results
of several SNP databases, including ESP6500, Gno-
mAD, 1000 Genomes, dbSNP and ExAC. In addition,
the known pathogenic mutations were confirmed by
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searching the Human Gene Mutation Database (http://
www.hgmd.org/) and the ClinVar database (https://www.
ncbinlm.nih.gov/clinvar). Furthermore, novel variants
were predicted by a bioinformatics prediction method
with the online tools PolyPhen-2, MutationTaster, SIFT,
PROVEAN and FATHMM (23, 24]. Genomic DNA sam-
ples of the probands’ parents were collected with consent
and analyzed to determine inheritance.

Statistics

All results are presented as values with the first quartile
and the third quartile in parentheses. Statistical analysis
was performed using Prism 6.0. The two-tailed unpaired
Student’s ¢ test was used to compare two groups. 2<0.05
was considered significant.

Results

Patient characteristics

Thirty-five children (18 boys and 17 girls, Chinese with
Han ethnicity) with a diagnosis of GSD Ib were included
in this study. The patients came from unrelated families
and were born to nonconsanguineous parents. Patients
had their first visit to a doctor for recurrent infection
(15/35), abdominal distension (13/35), polypnea due to
lactic acid (7/35), hypoglycemia (3/35), acidosis, or hep-
atomegaly, and some suffered a combination of two or
more symptoms. The median age of symptomatic onset
or discovery of abnormal auxiliary examinations was 5.0
(2.0, 7.5) months, ranging from 0 to 15.0 months. The
median age at which GSD Ib was determined was 8.0
(4.5, 16.0) months (Table 1).

The relevant examinations of the GSD Ib patients dur-
ing their first hospitalization are also listed in Table 1.
Liver size ranged from 1.5 to 13.0 cm. The median liver
size was 9.0 (5.5, 10.3) cm. Twenty-nine patients had a
random blood glucose (GLU) value < 4.0 mM; among
them, 66% (19/29) with values < 2.2 mM had acidosis. All
patients exhibited > 2.0 mM lactic acid (LAC), while LAC
> 10.0 mM was observed in 14 patients. The median val-
ues of alanine transaminase (ALT) and aspartate trans-
aminase (AST) were 95 U/L and 135 U/L, respectively,
ranging from 21 to 1100 U/L and 27 to 1951 U/L, but
only two patients had ALT values greater than 500 U/L
and three patients had AST values greater than 500 U/L.
The triglyceride (TG) levels of 33 patients ranged from
1.83 to 20.37 mM, with 88% (29/35) and 15% (5/33) hav-
ing values > 2.3 mM and > 11.2 mM, respectively. Twenty
patients presented with uric acid (UA) concentrations
above the upper limit of 420 mM, but only one of them
had a uric acid value = 1000 mM. Severe neutropenia (<
0.5x10%/L) was observed in only 6 patients. However,
Sixteen patients had a neutrophil count (NEU)>0.5 and
<1.0x10%/L, and 12 patients had a neutrophil count>1.0
and <2.0x10°/L. 77% of patients (27/35) were anemic
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(with a hemoglobin range from 72 to 105 g/L) at their
first hospitalization, 10 of whom had a hemoglobin (Hb)
concentration<90 g/L, and no patients exhibited severe
anemia (hemoglobin < 60 g/L).

Mutations of the SLC37A4 gene

All patients included in this study were screened for the
SLC37A4 gene by Sanger sequencing, and a 100% genetic
diagnostic rate was obtained (Table 1). Nineteen differ-
ent deleterious mutations were identified in 70 alleles.
The SLC37A4 gene includes 11 exons, and the mutations
mainly existed in exon 3-5, exon 8, and exon 10 (Table 2).
Seven novel variants were reported for the first time
and classified as “pathogenic” according to the ACMG
sequence variant interpretation guidelines [24], includ-
ing two missense mutations ¢.454G>C and c.1117G>A,
and five indel mutations c.123_124dupGA, c.359delC,
¢.870+3delG, c.1210delT, and exon5-11del. The most
frequent mutation in this population was the missense
mutation ¢.446G>A in 64% (45/70) of the alleles, fol-
lowed by the missense mutation ¢.572 C>T, accounting
for 6% (4/70) (Table 2).

Treatment of GSD Ib patients with the SGLT2 inhibitor
empagliflozin

Since 2020, empagliflozin has been used as an off-label
treatment in 14 GSD Ib patients, and follow-up data
were collected (Table 3). All of them stopped the former
G-CSF treatment and started oral empagliflozin treat-
ment. The dosage ranged from 2.5 mg q.d. to 5 mg q.d.
according to patient age (0.22 mg/kg height weight). The
median duration of treatment was 10.5 (10, 13.5) months.
As traditional feeding of raw cornstarch could help to
control the metabolism disorder in GSD Ib patients,
serum indicators like ALT, AST and TG weren't obvi-
ously changed (data not shown). Nevertheless, signifi-
cant improvement was observed in blood constituents.
Compared to before treatment, the median neutrophil
count increased from 1.08 to 1.34 (10°/L). Hematocrit
and hemoglobin also increased 7% and 12%, respec-
tively. Platelets did not show significant changes before
and after treatment (Fig. 1). Urine glucose level s were
increased in 5 patients, while 2 patients had normal lev-
els. However, all of them had normal glycated hemoglo-
bin HbAlc levels (data not shown).

Discussion

In this study, we included 35 pediatric patients with con-
firmed GSD Ib based on typical symptoms, biochemical
abnormalities and specific genetic mutations. Clinical
characteristics and results of auxiliary examinations were
summarized. The outcomes of treatment with the SGLT2
inhibitor empagliflozin in GSD Ib patients were also dis-
cussed. The cumulative treatment time of empagliflozin
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Table 2 S/(C37A4 mutation spectrum in 35 Chinese GSD type Ib patients
Location  Nucleotide change  Amino Mutation Allele Mutation-Taster Poly- PROVEAN FATHMM Previ- Variants
acid type count Phen-2 prediction score ously category
change score reported
Exon 3 c59G>A p.G20D Missense 1 Deleterious 1.0 Deleterious 096529  Yes Pathogenic
Exon 3 c82C>T p.R28C Missense 2 Deleterious 1.0 Deleterious  0.90808  Yes Pathogenic
Exon 3 €.123_124dupGA P p.l42RfsX34  Small 1 Deleterious - - - Novel Pathogenic
insertion
Exon 4 C343G>A p.G115R Missense 2 Deleterious 1.0 Deleterious  0.94383  Yes Pathogenic
Exon 4 c359delC P p. Small 1 Deleterious - - - Novel Pathogenic
P120HfsX26 deletion
Exon 4 €359dupC p.C121Mf-  Small 1 Deleterious - - - Yes Pathogenic
sX10 insertion
Exon 5 c446G>A p.G149E Missense 45 Deleterious 0986  Deleterious 0.95607  Yes Pathogenic
Exon 5 c454G>CP p.G152R Missense 1 Deleterious 0.728  Deleterious 096517  Novel Pathogenic
Exon 5 c572C>T p.P191L Missense 4 Deleterious 0997  Deleterious 097977  Yes Pathogenic
Intron 7 c.870+3delG® - Splicing 1 Deleterious - - - Novel Pathogenic
Intron 7 c870+5G>A - Splicing 2 Deleterious - - 0.96945  Yes Pathogenic
Exon 8 c898 C>T p.R300C Missense 1 Deleterious 1.0 Deleterious  0.99020  Yes Pathogenic
Exon 8 €959dupT p. Small 1 Deleterious - - - Yes Pathogenic
T321NfsX5  insertion
Exon 10 €.1042_1043delCT p. Small 2 Deleterious - - - Yes Pathogenic
1348VfsX53 deletion
Exon 10 c1063G>T p.E355X Nonsense 1 Deleterious - Deleterious 097729  Yes Pathogenic
Exon 10 c1117G>AP p.A373T Missense 1 Deleterious 0989  Deleterious 0.97945  Novel Pathogenic
Intron 10 c11234+1G>T - Splicing 1 Deleterious - - 0.98521  Yes Pathogenic
Exon 11 €.1210delT® p.C404VfsX  Small 1 Deleterious - - - Novel Pathogenic
(Prolonged) deletion
Exon5-11  Exon5-11 del ® - Gross 1 - - - - Novel Pathogenic
(9.382-1356del) deletion

b: Novel variants that were first reported in this study

was greater than 24 years. To our knowledge, this is the
largest cohort of pediatric GSD Ib patients treated with
empagliflozin to date.

GSD Ib was first recognized by Narisawa et al. in 1978
[25] and has received a great deal of attention since then.
However, only a few studies on GSD Ib patients in the
clinical have been carried out. The correlation of geno-
type and phenotype of GSD Ib as well as management
have been extensively discussed [11, 20-22].

Generally, GSD Ib patients share specific clinical char-
acteristics, including hypoglycemia, hepatomegaly,
abdominal distension, intractable infection, and neutro-
penia, which were also exhibited by patients in our cen-
ter. The population in our center had early-onset disease.
97% of patients (34/35) in our study were symptomatic
or were found to have biochemical abnormalities before
they reached 1 year of age and were referred to the
endocrinology department. Therapy for symptoms was
administered, such as immediate injection of glucose,
correction of acidosis, and emergency anti-infection
drugs. The outcome of treatment was generally poor,
and some patients cannot survive to adulthood. In our
study, 5 children died during the follow-up period of 34.5
(9.0, 71.5) months, with a fatality rate of 14.3% (5/35).

Among them, 3 boys, including Patient 6, Patient 21 and
Patient 25, died in infancy, while 2 girls, including Patient
11 and Patient 13, died at 12 years old and 2 years old,
respectively.

Liver adenoma is considered a complication of GSD I
with aging and predominantly occurs during and after
puberty, with a range of prevalence from 22 to 75%. It has
the potential to transform into carcinoma and result in
serious complications, such as bleeding and organ com-
pression [18, 26, 27]. Our participants did not report any
relevant complaints except Patient 18, who exhibited a
hepatic hemangioma on regular ultrasound examination
at 7 years old. In the future, abdominal ultrasound should
be considered when any signs occur or patients become
adolescents or adults. The underlying mechanisms of
liver adenoma are not fully understood, but good con-
trol of glucose and lipids has been found to be beneficial
[27-29].

Genetic analysis is an effective diagnostic method that
provides genotype information and successfully avoids
the need for invasive liver biopsies. 122 pathogenic
mutations of the SLC37A4 gene have been reported in
the Human Gene Mutation Database, with the most
frequent mutation types being missense mutations.
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Fig. 1 Neutrophil count (A), hematocrit (B), hemoglobin (C), and platelet count (D) of 14 glycogen storage disease type Ib patients before and after

empagliflozin treatment

Nineteen different deleterious mutations were identi-
fied in our study. The most common mutation was the
missense mutation c.446G>A (p.Glyl49Glu), which
overwhelmingly accounted for 63% of all alleles, includ-
ing 17 patients with homozygous mutation c.446G>A
and 11 patients with compound heterozygous mutation
c.446G>A. Qiu et al. reported that the most frequent
mutation in GSD Ib patients from a tertiary care center
in North China was ¢.572 C>T (p. Prol91Leu), which
accounted for 37% of the detected alleles [21]. However,
it contributed to merely 6% of all mutated alleles in our
population. This difference shows that the variants of
the SLC37A4 gene have some racial and regional vari-
ability in China. Moreover, in our included participants,
7 novel disease-causing SLC37A4 variants (c.454G>C,
c.359delC, ¢.123_124dupGA, c.1117G>A, c¢.1210delT,
¢.870+3delG and exons 5-11del) were discovered. Our
results enrich the spectrum of SLC37A4 mutations and
facilitate medical practice.

As to discover the relationship between mutation
and phenotype, analysis of the age of onset, blood glu-
cose, lactic acid and neutrophil count at onset was
analyzed among patients with homozygous mutation
¢.446G>A (n=17), with compound heterozygous muta-
tion ¢.446G> A (n=11), and without mutation c.446G> A
(n=7). Patients with homozygous mutation c.446G>A
had an onset of 5.0 (2.0,7.0) months, a little earlier than
patients with heterozygous mutation c.446G>A that
had an onset age of 5.0 (3.5,7.5) months, and patients
without mutation c.446G>A that had an onset age of
6.0 (3.0,10.0) months. Homozygous patients didn’t have
significantly different hypoglycemia (blood glucose 2.35
(1.90,4.00) mM) compared with other two groups (blood
glucose 1.77 (0.80,2.47) mM and 1.92 (1.37,2.60) mM
respectively). Lactic acid in homozygous patients was
less than other two groups, with lactic acid in serum
being 6.20 (3.62,10.10) mM, 9.70 (5.75,11.80) mM, and
10.40 (6.20,12.00) mM respectively. There was no differ-
ence among the neutrophil count in the three groups,
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with the number of neutrophils being 0.74 (0.65,1.21)
x 10°/L, 0.76 (0.60,1.16) x 10°/L, and 0.62 (0.52,0.74)
X 10°/L respectively. However, the poor prognosis of
patients with mutation c.446G>A should be paid more
attention. In our study, two patients who died in infancy
had compound heterozygous mutation c.446G>A,
and 2 deceased girls were with homozygous mutation
c.446G>A. Pathogenicity of c.446G>A was verified in
2002 [30], but now there is more evidence demonstrating
that patients with the ¢.446G>A mutation have a more
severe condition.

Effective treatment and careful nursing can prevent
death, especially after 3 years of age, when the immune
system becomes stronger. All patients were properly fed
with UCCS daily from the time of diagnosis. A proper
feeding schedule was sufficient to normalize transami-
nase, uric acid and triglycerides, while lactic acid was
slightly higher and the size of the liver was still bigger
than normal. Considering the immature metabolic sys-
tem of pediatric patients, other drugs like allopurinol
and fenofibrate were not used in our treatment plan.
Patients with GSD Ib had a long history of recurrent
infection since their babyhood. Supplementation with
G-CSF could improve neutropenia, but it was difficult
to achieve regular injections due to poor medical hab-
its in China. Usually we arranged regular G-CSF injec-
tions when patients were in the hospital. As a result of
failure in regular G-CSF supplementation, over half of
GSD Ib patients suffered from protracted diarrhea and/
or abdominal pain.

Among our cohort, nine of the patients were assessed
with enteroscopy and bowel biopsy by pediatric gastro-
enterologists, and Crohn-like IBD was identified. Two
patients received infliximab treatment for 6 months in
the gastroenterology department of our hospital. Along
with remission of gastrointestinal manifestations such as
oral aphthous ulceration, chronic abdominal pain, diar-
rhea and perianal fistula or abscess, smoothing of the
colonic mucosa was observed on colonoscopy after treat-
ment. A similar result was reported by Gong in 2021,
and the positive effect of infliximab on IBD in GSD Ib
patients was shown [31]. Nevertheless, as for injections
of G-CSF, infliximab treatment was difficult to promote
among GSD Ib patients due to inconvenience with the
treatment regimen. Other drugs, such as the nonsteroi-
dal anti-inflammatory drug mesalazine, antiviral drug
dipyridamole, antifungal drug itraconazole, and vitamin
E, were used to control symptoms of IBD but had no sig-
nificant effect on neutropenia.

Veiga-da-Cunha M et al. provided evidence that inhibi-
tors of the kidney glucose transporter SGLT2 could
reduce the level of 1,5AG6P to restore neutropenia in
patients with G6PT and G6PC3 deficiency [12, 13]. Since
then, the SGLT2 inhibitor empagliflozin has been used
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off-label to treat GSD Ib patients. In addition, empa-
gliflozin was adopted as a drug for treatment of pedi-
atric type 2 diabetes by the FDA in 2023. Therefore, its
high safety in children is well known [14—17]. We started
empagliflozin treatment in 14 GSD Ib patients in 2020.
There were no standardized guidelines on empagliflozin
treatment of GSD Ib, so dosages were clinically adjusted
in line with patients’ age. Usually, patients under 4 years
old took empagliflozin 2.5 mg q.d. or 3 mg q.d., while
patients older than 4 years old took 5 mg q.d. As the fol-
low-up data showed, empagliflozin treatment was more
beneficial to neutrophil function than metabolism. The
neutrophil count in patients who participated in treat-
ment increased, and the number of infections decreased.
After treatment, the frequency and interval of infection
increased to at least six months. In addition, according
to patients, gastrointestinal symptoms, such as abdomi-
nal pain, loose stools, diarrhea and perianal abscess, were
improved after empagliflozin treatment. Although oral
aphthous ulceration was still present, the pain of patients
was greatly reduced. In short, the outcome of empa-
gliflozin treatment in our cohort was in accordance with
previous reports [14—17].

In order to assess IBD development and avoid invasive
examinations, hematocrit, hemoglobin and platelets were
compared to evaluate the effectiveness of empagliflozin
in this study. Hematocrit and hemoglobin levels indi-
cated anemia, which is a trait of chronic inflammatory
disorders and IBD [32]. To date, the underlying cause of
anemia in IBD is uncertain, but iron deficiency resulting
from intestinal bleeding or dysfunction of iron transport
mediated by inflammation are likely contributing factors
[33]. Cabrera proposed that the combination of platelet
count and hemoglobin level was a useful screening test
for patients with suspected IBD [34]. Comparing blood
count before and after empagliflozin treatment, hemato-
crit and hemoglobin were significantly improved, which
hinted that anemia of GSD Ib patients in our cohort
was ameliorated. Importantly, hemoglobin levels of all
the patients were above 108 g/L that hinted that ane-
mia was alleviated. Although platelets in some patients
were decreased, a significant change was not observed.
The relationship between platelets and IBD in GSD Ib
patients remains to be discovered. However, improve-
ments in the immune system were observed, including
duration of infections, periodontitis, stool shape, nutri-
tion and metabolism environment.

Although 5 patients had positive urine glucose levels in
our cohort as effect of SGLT2 inhibitor, they did not suf-
fer from urinary tract infections because of careful nurs-
ing. Hypoglycemia was occasionally mentioned in the
follow-ups, but no patient was sent to the hospital with
hypoglycemia. Empirically, empagliflozin taken before
meals could avoid hypoglycemia.
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Conclusion

In this study, the clinical characteristics, auxiliary exami-
nations and predictors of long-term outcomes of 35 GSD
Ib patients were retrospectively examined in pediat-
ric patients. The onset of the disease usually starts with
hypoglycemia, hepatomegaly and infection. The clinical
characteristics of GSD Ib include hypoglycemia, hepa-
tomegaly, hyperlactatemia, hyperlipidemia, hyperurice-
mia, neutropenia, and neutrophil dysfunction. GSD Ib
patients in southern China presented earlier gastroenter-
ological manifestations and a higher prevalence of anemia
than reported previously. Five children died of metabolic
imbalance and infection in childhood, with a mortality
of 14.3%. In this population with 35 unrelated individu-
als, the missense mutation c.446G>A (p.Glyl49Glu)
predominantly occurred in most patients, and 7 novel
mutations (c.454G>C, c¢.359delC, ¢.123_124dupGA,
c.1117G>A, ¢.1210delT, c.870+3delG and exon 5-11del)
were identified increasing the known spectrum of genetic
variants.

As the SGLT?2 inhibitor empagliflozin has been used
off label for neutropenia and neutrophil dysfunction
in patients with GSD Ib since 2020 worldwide, patients
in our cohort received empagliflozin treatment as well.
Here, experience in treating pediatric GSD Ib patients
with empagliflozin with a cumulative treatment time
greater than 24 years was discussed, which is the longest
cumulative treatment time reported thus far. Significant
increases in neutrophil count, hematocrit and hemoglo-
bin were observed as outstanding outcomes, and empa-
gliflozin treatment in pediatric GSD Ib patients was
proved to have reliable efficiency and safety in our study.
Proper administration and careful nursing are suggested
to prevent hypoglycemia and urinary tract infections.
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