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【 CASE REPORT 】

Prader-Willi Syndrome with Slowly Progressive
Insulin-dependent Diabetes Mellitus
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Abstract:
We report the case of a 52-year-old woman with Prader-Willi syndrome (PWS) and diabetes. Her diabetes

was managed with sulfonylurea followed by premixed insulin; however, her glycemic control gradually wors-

ened and became unstable. Her urine and blood C-peptide levels were undetectable. She tested positive for

anti-GAD antibodies, and had a high-risk genotype - DRB1*09:01-DQB1*03:03 - for slowly progressive

insulin-dependent diabetes mellitus (SPIDDM) in the HLA-DR/DQ region, confirming the diagnosis of

SPIDDM. Dysglycemia in PWS is thought to be attributable to hyperphagia and obesity. However, the possi-

bility of SPIDDM might be considered if the insulin secretory capacity is almost lost in patients with PWS.
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Introduction

Prader-Willi Syndrome (PWS) is a genetic disorder with

implications on the endocrine and neurologic systems, me-

tabolism, and behavior. PWS results from the lack of the ex-

pression of genes on the paternally inherited chromosome

15q11.2-q13 (1, 2). In Japan, the frequency of PWS is esti-

mated to be 1 in 10,000-15,000 live births (3). PWS is char-

acterized by craniofacial anomalies, infantile hypotonia,

short stature, hyperphagia, obesity, hypogonadism, and men-

tal retardation (4).

Slowly progressive insulin-dependent diabetes mellitus

(SPIDDM), also referred to as latent autoimmune diabetes,

generally presents as type 2 diabetes mellitus (T2DM) in

adults after previous treatment with oral hypoglycemic

agents (5, 6). The diagnostic criteria for SPIDDM were re-

ported by Nishimura et al. (7). SPIDDM patients account

for 2.0-10.3% of T2DM patients (8-11). In general, patients

test positive for at least one of the islet autoantibodies, in-

cluding anti-islet cell antibodies (ICA) and/or anti-glutamic

acid decarboxylase antibodies (GAD Ab) in the early stage

of SPIDDM and then test negative after some years.

Dysglycemia in PWS is thought to be attributable to insu-

lin resistance resulting from hyperphagia and obesity. While

a few studies have focused on PWS patients becoming

insulin-dependent (12, 13), the merger of PWS and

SPIDDM has never been reported.

We herein report a case of PWS associated with

SPIDDM. An association with SPIDDM should be consid-

ered if a patient with PWS shows a progressive decrease in

insulin secretory capacity, leading to insulin dependency.

Case Report

A 52-year-old Japanese woman was referred to our hospi-

tal for treatment for diabetes and obesity. Her notable medi-

cal history included being unable to consume milk after

birth due to muscle weakness. Consequently, she was admit-

ted to hospital for 4 months. Her childhood was character-

ized by floppy infant syndrome and obesity, thin upper lip,

small hands and feet, mental retardation, and hypogonadism.

At 23 years of age, she was diagnosed with diabetes melli-

tus. At 28 years of age, she was admitted to hospital due to

a worsening of her glucose tolerance. She was diagnosed

with PWS based on typical clinical findings and the exis-
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Figure.　The clinical course after 36 years of age, including the patient’s body mass index, urinary 
and serum C-peptide level and anti-GAD antibody level. The duration of the administration of phar-
macological agents is represented by the length of each square relative to the years on the x-axis. 
Changes in the urinary C-peptide level and body mass index are shown by the dashed line and the 
continuous line plotted against the y-axis, respectively (left). Changes in the serum C-peptide level 
and the anti-GAD Ab titer are shown by the black dotted line and the long dashed short dashed line 
plotted against the y-axis, respectively (right). GAD: glutamic acid decarboxylase, CPR: C-peptide 
immunoreactivity, uCPR: urine CPR, sCPR: serum CPR
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tence of a deletion in chromosome 15 involving bands

15q11.2-q13. Meanwhile, treatment with a sulfonylurea

agent was initiated.

Thereafter, treatment with oral hypoglycemic agents was

continued; however, her glycemic control gradually wors-

ened, and she was occasionally admitted to hospital. At 42

years of age, when her glycemic control worsened and be-

came unstable, her urine C-peptide immunoreactivity (CPR)

level decreased to 23.3 μg/day, and serum CPR level was

0.68 ng/mL. Thus, premixed insulin injection therapy was

initiated and the administration of the sulfonylurea agent

was stopped. At that time, her GAD Ab level, measured by

the radioimmunoassay (RIA) method, was negative (<0.3 U/

mL). Two years later, she was readmitted to the hospital and

showed a further decrease in endogenous insulin secretion

capacity (urine CPR 7.5 μg/day, serum CPR 0.24 ng/mL);

thus, intensive insulin therapy with insulin aspart and neutral

protamine Hagedorn insulin was initiated (Figure).

At 50 years of age, her urine and serum CPR levels were

1.0 μg/day and 0.1 ng/mL, respectively. Her GAD Ab titer

(RIA) was positive [5.2 U/mL (normal range, <1.5 U/mL)]

and her basal insulin was changed from neutral protamine

Hagedorn insulin to glargine. Two years later, she was re-

ferred to our hospital.

A physical examination on admission revealed that her

height was 139.5 cm and her body weight was 61.7 kg

(body mass index: 31.9 kg/m2). Her laboratory data are

shown in Table. Her plasma glucose and HbA1c levels were

203 mg/dL and 11.2%, respectively. Her GAD Ab titer

(RIA) was 1.6 U/mL (normal range, <1.5 U/mL). Her serum

levels of fasting CPR and urinary excretion of CPR were as

low as <0.1 ng/mL (0.6-1.8 ng/mL) and <0.2 μg/day (20.1-

155 μg/day), respectively. We examined her CPR response

in a 1-mg glucagon test. ΔCPR, the difference between peak

value (<0.1 ng/mL) and the base value (<0.1 ng/mL), was

zero. Her human leukocyte antigen (HLA) type was DRB1*

09:01-DQB1*03:03, which is a genetic risk marker for Type

1 diabetes (T1DM) or SPIDDM (14). The patient was diag-

nosed with SPIDDM based on a positive GAD Ab titer and

non-insulin requiring period of >3 months.

Discussion

Dysglycemia in PWS is thought to be due to insulin resis-

tance and hyperphagia (15). Currently, reduced insulin se-

cretion has also been claimed as a contributing factor (2).

Some reports have indicated that patients with PWS have

lower insulin levels and greater insulin sensitivity in com-

parison to obese controls (16).

Patients with T1DM eventually progress to an insulin-
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Table.　Laboratory Tests on Admission.

Complete blood count Reference ranges Hormone Reference ranges

WBC (/μL) 9,200 3,500-8,500 ACTH (pg/mL) 12.9 7.2-63.3

RBC (/μL) 491×104 430-570 Cortisol (μg/dL) 11.3 4.0-19.3

Hb (g/dL) 14.2 13.5-17.5 TSH (μIU/mL) 3.63 0.35-4.94

Plt (/μL) 22.5×104 12.0-38.0 FT4 (ng/dL) 1.14 0.70-1.48

C-peptide (ng/mL) <0.1 0.6-1.8

Blood Chemistry Reference ranges Renin activity (ng/mL/h) 2.3 0.2-2.3

AST (IU/L) 31 10-37 Aldosteron (pg/mL) 47 30-159

ALT (IU/L) 28 4-40 HbA1c (%) 11.2 4.6-6.2

LDH (IU/L) 229 100-211 Glycoalbumin (%) 32.4 12.3-16.5

γ-GTP (IU/L) 20 8-45 Anti GAD Ab (RIA) (U/mL) 1.6 <1.5

CK (IU/L) 35 60-250 Anti Insulin Ab (nU/mL) 463 <125

TP (g/dL) 7.4 6.7-8.3 TPO-Ab (IU/mL) 7.0 <16

Alb (g/dL) 3.7 3.8-5.1 Urinary C-peptide (μg/day) <1.1 20.1-155

T-Bil (mg/dL) 0.81 0.20-1.20 Urinary albumin (mg/day) 6.9 ≤22.0

BUN (mg/dL) 13 8-20

Cre (mg/dL) 0.43 0.30-0.90 Urinalysis

Na (mEq/L) 138 135-147 Protein (-)

K (mEq/L) 4.2 3.6-5.0 Glucose (4+)

Cl (mEq/L) 99 98-108 Ketone (-)

T-Chol (mg/dL) 201 130-219 Occult blood (-)

TG (mg/dL) 133 <150

HDL-C (mg/dL) 47 ≥40 Glucagon (1mg) Challenge Test

Glucose (mg/dL) 206 60-110 0 min C-peptide (ng/mL) <0.1

6 min C-peptide (ng/mL) <0.1

WBC: white blood count, RBC: red blood count, Hb: hemoglobin, Plt: platelet count, AST: aspartate aminotransferase, ALT: 

alanine aminotransferase, LDH: lactate dehydrogenase, γ-GTP: gamma glutamyl transferase, CK: creatine kinase , TP: total 

protein, Alb: albumin, T-Bil: total bilirubin, BUN:blood urea nitrogen, Cre: creatinine, T-Chol: total cholesterol, TG: triglycer-

ide, HDL-C: high-density lipoprotein cholesterol, ACTH: adrenocorticotropic hormone, TSH: thyroid stimulating hormone, 

FT4: free thyroxine, HbA1c: hemoglobin A1c, GAD: glutamic acid decarboxylase, TPO: thyroid peroxidase

dependent state, although the speed of progression differs

among patients. There have only been a few reports on PWS

with T1DM (12, 13). To the best of our knowledge, T1DM-

susceptible genes have not been found in the deleted chro-

mosomal region of PWS.

According to the TOKYO Study, there is a possibility that

diabetic patients with a high GAD Ab titer (�10 U/mL) will

progress to an insulin-dependent state (17). GAD Ab titers

in patients with SPIDDM are considered to be higher in

comparison to patients with T1DM; however, course of the

decline is similar to that of patients with T1DM. Moreover,

cases with low GAD Ab titers (<10 U/mL) also show a

lower pancreatic β-cell function and require insulin therapy

for good glycemic control in comparison to patients with a

negative GAD antibody titer (18).

At 42 years of age, when she required insulin therapy, her

insulin secretion capacity was still retained, and her GAD

Ab titer was negative. Her GAD Ab titer was 5.2 U/mL at

50 years of age when her insulin secretion capacity was

completely lost. Although her GAD Ab titers were not clear

between the 42 and 50 years of age, during that period they

might have been higher than the values at 50 years of age.

Alternatively, her GAD Ab titers might have been as low as

approximately 5.2 U/mL during that period, but the β cell

function might have been reduced, even when the GAD an-

tibody titer was low, as demonstrated by Umayahara et

al. (18). Thus, the pathophysiology of SPIDDM might have

developed during that period.

Specific haplotypes on the DRB1 and DQB1 loci are

strongly associated with T1DM and SPIDDM. The patient’s

HLA haplotype, DRB1*09:01-DQB1*03:03, is an HLA

haplotype that is associated with an increased risk of devel-

oping T1DM and SPIDDM; its frequency in the general

Japanese population is approximately 4.5% (14, 19). In ad-

dition, the patient’s other HLA haplotype, DRB1*13:02-

DQB1*06:04, is a neutral type in T1DM. The presence of

one susceptible and one neutral haplotype has been reported

to be associated with slowly progressive T1DM (14).

When a patient has a risk-associated HLA haplotype and

shows a progressive reduction in insulin secretory capacity,

an association with SPIDDM should be considered, even in

patients with PWS.

In summary, we reported the case of a woman with PWS

and SPIDDM. If a patient with PWS shows a progressive

reduction in insulin secretory capacity, we should check the

patient’s GAD Ab, and-when possible-determine the HLA

haplotype. If a patient is diagnosed with SPIDDM, even if

they have underlying PWS, intensive insulin therapy should

be started.
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