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ABSTRACT

Introduction: Diabetes patients with Pra-
der–Willi syndrome (PWS) are obese because of
hyperphagia; weight control by dietary modifi-
cation and medicine is required for glycemic
control. There are several recent reports show-
ing the effectiveness of GLP-1 receptor agonists
(GLP-1RAs) for diabetes treatment in PWS.
Case Report: A 36-year-old Japanese male
patient was diagnosed with PWS at 10 years of
age. At age 16 years, he was diagnosed with

diabetes and began to take several kinds of oral
hypoglycemic agents. At age 29 years, his BMI
was 39.1 kg/m2 and he was referred to our
department for diabetes and obesity treatment.
In the present case, the HbA1c was not
improved by GLP-1RAs despite a 28-kg BW
reduction, which included a 9-kg loss of muscle.
Apprehensive of further loss of muscle mass,
basal insulin of insulin glargine was adminis-
tered in addition to GLP-1RAs. Immediately
after the addition of tofogliflozin, a sodium-
glucose cotransporter-2 (SGLT2) inhibitor, the
patient’s HbA1c decreased dramatically with
only about an additional 3% BW reduction. We
note an improvement in our case of lipid
deposition in the pancreas confirmed by
abdominal CT after the improvement of HbA1c.
It is unknown whether this improvement of
fatty pancreas was a cause or an effect of the
improved glycemic control in the present case.
Conclusion: This finding clearly supports the
effectiveness of combining SGLT2 inhibitors
with GLP-1RAs for treatment of patients with
PWS and non-alcoholic fatty pancreas disease.
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INTRODUCTION

Prader–Willi syndrome (PWS) is a complex
multisystem genetic disorder with an incidence
of one in 10,000–15,000 live births in Japan.
PWS is an imprinting disorder that arises from
lack of expression of paternally inherited genes
on chromosome 15q11-q13. The syndrome has
a characteristic phenotype that includes
neonatal hypotonia, hyperphagia, hypogo-
nadism, obesity, short stature, and cognitive
and behavioral disabilities. In adult PWS, the
most difficult to treat feature is morbid obesity
due to hyperphagia caused by an absence of
satiety and decreased energy expenditure. Sev-
ere obesity increases risk of developing diabetes
mellitus [1–3]. While diet therapy is funda-
mentally important in the treatment of dia-
betes, it is problematic in patients with PWS,
and requires use of insulin and other injected
drugs as well as oral medications. During the
last decade, many new medicines for treating
diabetes have become available, but there are as
yet no guidelines on these drugs for adult
patients with PWS. This is the first report of the
effectiveness of a sodium-glucose cotransporter-
2 (SGLT2) inhibitor as an add-on drug to GLP-1
receptor agonists (GLP-1RAs) for glycemic con-
trol of adult patients with PWS.

CASE REPORT

A 36-year-old Japanese male patient was born at
36 weeks’ gestation via vaginal breech delivery.
He had newborn asphyxia and an Apgar score of
4. Because of hypotonia, his height could not be
measured and his weight was 2150 g. At the age
of 10 years he was diagnosed with PWS on the
basis of typical clinical findings including being
a floppy infant and having almond shaped eyes,
scoliosis, obesity (weight more than 20% of
standard), mental retardation (IQ of 61), and
hypogonadism with bilateral cryptorchidism.
At age 12 years, he was referred to a pediatric
endocrinologist for assessment of his pituitary
function and glucose tolerance. Oral glucose
and insulin tolerance test showed impaired
glucose tolerance (IGT) and little reaction of
growth hormone. GH therapy was not done

because of the IGT level and severe obesity. At
age 16 years, he was diagnosed with diabetes
and began to take several kinds of oral hypo-
glycemic agents.

At age 28 years, he was referred to our
department of diabetes and endocrinology for
diabetes and obesity treatment. At that time, he
was obese with body weight of 90.6 kg, height
of 152.2 cm, and BMI of 39.1 kg/m2. He showed
no sign of diabetic retinopathy but he had
microalbuminuria (13.6 mg/gCr). Despite hav-
ing been treated with glibenclamide
(1.25 mg/day), metformin (1000 mg/day), and
pioglitazone (15 mg/day), his HbA1c was 11.2%
(99 mmol/mol). He has never had a neuroleptic
drug prescribed. After written informed consent
was obtained from him and his parents, genetic
testing was performed. Abnormal DNA methy-
lation was detected by pyrosequencing in the
DMR (differentially methylated region)
upstream of the SNRPN (small nuclear ribonu-
cleoprotein polypeptide N) gene. Single
nucleotide polymorphism (SNP) array analysis
was then performed using the SurePrint G3
ISCA CGH ? SNP Microarray Kit (catalog num-
ber G4890A, Agilent Technologies); however
copy number variants were not found. Finally,
microsatellite analysis for chromosome 15 was
performed, revealing that abnormal DNA
methylation of the patient is due to uniparental
(maternal) disomy (UPD) (Supplemental
Fig. S1). Pharmacological treatment with met-
formin (2.25 g/day), NPH insulin at bedtime of
28 U to lower fasting glucose level, and miglitol
(150 mg/day) were then administered in addi-
tion to a diet of 1600 kcal/day with exercise
therapy. Afterward, he lost 12 kg of fat rather
than muscle in 7 months but his HbA1c level
deteriorated to 12.2% (110 mmol/mol). The fat
mass and free fat mass were measured by
bioimpedance analysis using Body Composition
Analyzer MC-190 (standing-posture 8-electrode
multi-frequency bioelectrical impedance analy-
sis) (Tanita Corp., Tokyo, Japan). We then
replaced NPH insulin with exenatide
(20 lg/day) in expectation of a reduction of the
increased appetite. However, his HbA1c fluctu-
ated despite continuing to lose 15 kg body
weight comprising 6 kg loss of fat and 9 kg loss
of muscle. The massive loss of muscle mass
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during this period might be due to sustained
hyperglycemia with relatively insufficient insu-
lin. At the age of 33, his body weight reached
62.5 kg. Apprehensive of further loss of muscle
mass, basal insulin of insulin glargine (6 U/day)
and lixisenatide were administered in place of
exenatide. Lixisenatide was anticipated to have
improved usability with insulin glargine, both
of which are once-daily injected drugs. After
initiation of insulin glargine, his body weight
was stabilized but his HbA1c did not improve.
At the age of 35, tofogliflozin (20 mg/day) was
added and lixisenatide was switched to
dulaglutide (0.75 mg/week). Just after the initi-
ation of tofogliflozin, his HbA1c began to
decrease. After 9 months, his body weight was
maintained at 62.8 kg and HbA1c improved to

8.5% (69 mmol/mol) with a total ketone body
level of 781 lM, which is within the range of
physiological ketosis (Fig. 1). His C-peptide
induced by glucagon did not differ significantly
after the use of tofogliflozin (Supplementary
Table S1). He then received an abdominal
computer tomography (CT) scan. Compared
with the findings at 28 years of age, his subcu-
taneous fat area (SFA) was decreased from 263.6
to 116.0 cm2 but his visceral fat area was hardly
changed (Fig. 1). Abdominal CT images at
28 years of age showed severe fatty infiltration
of the whole pancreas, but this disappeared in
the CT images performed at 35 years of age. The
mean Hounsfield unit (HU) of the regions of
interest (ROIs) with areas of 1.0 cm2 was mea-
sured at pancreatic head (P) and spleen (S) on

Fig. 1 Course of treatment graph showing the corre-
sponding effects on weight and HbA1c. The duration of
pharmacological agents is represented by the length of each
box relative to the time period on the x-axis. Changes in
HbA1c are shown by the black line plotted against the
y-axis (left) and changes in weight are shown by the gray

dotted line plotted against the y-axis (right). The black
downward arrow indicates the time when tofogliflozin was
begun. The white open arrows indicate hospitalization for
glycemic control. Periodical change of body composition
measurement was also shown in the lower panel
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CT images avoiding the metallic artifact from
artificial rods for spinal fusion. Splenic attenu-
ation was used for normalization of pancreatic
attenuation. At 28 and 35 years of age, P was
- 41.9 and - 2.6 HU, and S was 48.9 and
60.0 HU, respectively. Accordingly, P/S value
improved drastically from - 0.857 to - 0.043.
Lipid deposition in the pancreas was extremely
improved, while that in the liver did not differ
significantly (Fig. 2). We continue to follow this
patient at present and the effect has lasted at
least 1 year. All procedures performed in the
study were in accordance with the ethical
standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration and its later amendments or com-
parable ethical standards. Written informed
consent was obtained from all individual par-
ticipants included in the study.

DISCUSSION

In the last two decades, the care of child and
adult PWS has improved and the mortality rate
seems to be declining [1]. The average age of
patients with PWS is increasing, as is the num-
ber of patients with adult PWS being treated by
physicians. However, information regarding the
health problems of adults with PWS is still

deficient. Most physical problems related to
PWS are secondary to obesity, in which diabetes
is well known to negatively influence the qual-
ity of life and life-span. Although it is uncom-
mon for prepubertal children with PWS to
develop overt diabetes, the prevalence of T2D in
adults with PWS (7–20%) is reported to be
higher than that in the general population [2].
Moreover, Tsuchiya et al. reported that the
onset of DM in patients with PWS in Japan is
early, between 10 and 15 years of age, and that
the overall frequency of DM is 26.2% [3].

Generally, diabetes patients with PWS are
obese because of hyperphagia, and weight control
by dietary modification and medicine is required
for glycemic control. Additionally, there are sev-
eral recent reports showing the effectiveness of
GLP-1RAs for diabetes treatment in PWS [4–6],
but the HbA1c in the present case was not
improved by GLP-1RAs despite a 28-kg BW
reduction. However, immediately after the addi-
tion of tofogliflozin, an SGLT2 inhibitor, the
patient’s HbA1c decreased dramatically with only
about an additional 3% BW reduction.

Recently, the effectiveness of combined use
of GLP-1RAs and SGLT2 inhibitors has been
recognized [7]. These drugs have several com-
plementary features involving their mechanism
of action [8]. While the elimination of glucose
through the urine caused by SGLT2 inhibitors

Fig. 2 Abdominal CT findings at 28 years (a) and
35 years (b) of age. a Abdominal CT imaging showing
the presence of diffuse fat infiltration from the head to tail

of the pancreas. b Relative to a, pancreatic normal tissue
can be distinguished from the surrounding fat. The
subcutaneous fat area has obviously declined
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may stimulate appetite, this effect may be offset
by the appetite-suppressing effect of GLP-1RAs
that mitigates the deleterious effects of any
weight gain. These drugs may therefore improve
glycemic control, body weight, and cardiovas-
cular risk when they are administered together.
Additionally, in this case, mitigation of muscle
loss after administration of basal insulin due to
the addition of SGLT2 inhibitors may represent
a further advantage of using these drugs in
combination.

We should also note the improvement in our
case of lipid deposition in the pancreas con-
firmed by abdominal CT after the improvement
of HbA1c. The normal pancreatic fat cutoff
point of 6.2% by MRI and more excessive pan-
creatic fat deposition are recommended to be
considered non-alcoholic fatty pancreas disease
(NAFPD) [9]. Although we could not estimate
fatty mass itself by CT without MRI, it was very
likely that the whole pancreas was infiltrated by
fat, leading to the designation of NAFPD for the
case. The relationship between CT indexes and
histologically measured pancreatic fat was
assessed, revealing that pancreatic fat could be
quantified by using unenhanced CT [10]. The
clinical importance of non-alcoholic fatty pan-
creas disease (NAFPD) has increasingly become
known recently. NAFPD has been shown to
exert adverse effects on pancreatic beta cell
function and insulin action by in vitro and
animal studies [11]. Although both NAFLD and
NAFPD are strongly associated with visceral
adipose tissue (VAT), the visceral fat area in the
present case was barely changed, unlike the SFA.
The improvement of fatty pancreas might
improve insulin resistance rather than insulin
secretion since the insulin secretory capacity
was not changed significantly. It is unknown
whether this improvement of fatty pancreas was
a cause or an effect of improved glycemic con-
trol in the present case. Nevertheless, this find-
ing clearly supports the effectiveness of
combining SGLT2 inhibitors with GLP-1RAs for
treatment of patients with PWS and NAFPD.

PWS is associated with many behavioral and
psychiatric problems such as anxiety, temper
outbursts, stubbornness, mood-related disor-
ders, and learning difficulties. For this reason,
careful clinical management by diet therapy is

often unsuccessful. Hayashi et al. reported a
case of PWS who developed severe ketoacidosis
after administration of an SGLT2 inhibitor
during a low-carbohydrate diet [12]. However,
the principal factor for severe ketoacidosis in
that case would seem to be the low-carbohy-
drate diet rather than the SGLT2 inhibitor
therapy. Although it is possible that the obses-
sive–compulsive symptoms of PWS in that case
affected adherence to the low-carbohydrate
diet, medical staff should be instructed not to
administer a low-carbohydrate diet when
SGLT2 inhibitors are used in PWS.

CONCLUSION

This is the first report to show the effectiveness
of SGLT2 inhibitors as an add-on drug to GLP-
1RAs for glycemic control of a patient with PWS
and NAFPD. Further studies with more cases are
required for confirmation, but the combination
of these two medications would seem to ame-
liorate the prognosis of adults with PWS and
NAFPD by improving glycemic control via the
complementary actions of GLP-1RAs and SGLT2
inhibitors.
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