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■ Abstract 
Fulminant type 1 diabetes is a new subtype of type 1 diabe-
tes. The term was established in 2000. It is a syndrome char-
acterized by a markedly rapid and almost complete destruc-
tion of pancreatic β-cells. Several lines of evidence suggest 
that both genetic factors, such as human leukocyte antigen 
(HLA), and environmental factors, such as viral infection, 
contribute to the development of this disease. It is also sug-

gested that autoimmune processes contribute less critically 
to fulminant type 1 diabetes than to classic type 1A diabetes. 
Based on the findings made to date, both viral infection and 
the subsequent immune reaction in genetically susceptible 
individuals cause β-cell destruction and lead to fulminant 
type 1 diabetes. 
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Introduction 
 

   ype 1 diabetes is now defined as “diabetes charac- 
  terized by β-cell destruction, usually leading to ab-

solute insulin deficiency” by the American Diabetes 
Association, the World Health Organization and the 
Japan Diabetes Society [1-3]. In this context, fulminant 
type 1 diabetes is a typical type 1 diabetes characterized 
by its clinical features of abrupt onset with ketosis or 
ketoacidosis and virtually no C-peptide secretion [4-6]. 
This disease, which accounts for 20% of acute onset 
type 1 diabetes in Japan, is also characterized by high 
plasma glucose levels accompanied with almost normal 
glycosylated hemoglobin levels. This means that af-
fected individuals experience sudden increases in blood 
glucose together with elevated serum pancreatic en-
zyme levels at the onset of overt diabetes and have a 
negative status of islet-associated autoantibodies, such 
as islet cell antibodies (ICA), anti-glutamic acid decar-
boxyalse antibody (GADAb), insulin autoantibody 
(IAA) or anti-insulinoma-associated antigen 2 antibody 
(IA-2Ab). On this account fulminant type 1 diabetes is 

classified not as autoimmune (type 1A) but as idio-
pathic (type 1B) diabetes. Type 1B diabetes exhibits 
permanent insulinopenia, ketoacidosis and no evidence 
of autoimmunity, but its etiology is unknown. Fulmi-
nant type 1 diabetes is a first phenotype described ac-
cording to definite criteria within type 1B diabetes. The 
clinical characteristics of fulminant type 1 diabetes are 
summarized in Table 1. 

To date most of the patients with fulminant type 1 
diabetes have been reported within Japan, and a few 
outside Japan. Two Korean and one Filipino patient 
were confirmed to have fulminant type 1 diabetes by 
Hahm et al. [7-8] and Taniyama et al. [9], respectively. 
Two Chinese patients were also reported [10-11]. In 
Caucasians, Pozzilli et al. did not identify any patients 
with fulminant type 1 diabetes among 82 consecutive 
cases newly diagnosed in Italy [12], but a suspected 
case was reported from the Netherlands [13]. 

Sekine et al. reported on a patient whose plasma 
glucose and serum C-peptide levels were monitored 
for a couple of weeks at approximately the onset of 
fulminant type 1 diabetes. Blood glucose levels in this 
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patient were within normal limits a day before onset 
but suddenly increased to more than 1000 mg/dl on 
the day of onset. This event was accompanied by a 
drop in serum C-peptide levels to almost zero [14]. 
This raises the questions of why hyperglycemia and in-
sulinopenia appear so suddenly and why pancreatic β-
cells are destroyed so suddenly in fulminant type 1 dia-
betes. In this review, we want to discuss these ques-
tions and provide explanations for this phenomenon. 

Lessons from “ground zero” 
Initially we need to perform histological investiga-

tions of the pancreatic β-cells, which produce insulin. 
We have reported that the pancreatic β-cell area in pa-
tients with fulminant type 1 diabetes was 0.4% of that 
in normal subjects [15]. As shown in Figure 1, pancre-
atic β-cells were almost completely absent from the 
sections of patients obtained at 1-5 months after the 
onset of overt diabetes. The β-cell area in type 1A dia-
betic patients was 14.5% of that of normal subjects at 
1-9 months after onset. In an animal model, rodents 
developed diabetes when 80-90 % of native pancreas 
was surgically removed [16], which is consistent 
with human type 1A diabetes. Compared with 
type 1A diabetes, fulminant type 1 diabetes is 
characterized by the more aggressive and al-
most complete destruction of β-cells. Clinically, 
the rapid loss of pancreatic β-cells is confirmed 
by low levels of glycosylated hemoglobin in 
spite of high serum glucose concentrations. 
HbA1c levels reflect average plasma glucose 
concentrations during the preceding 1 to 2 
months, so very high plasma glucose concen-
trations for only a few days, as seen in fulmi-
nant type 1 diabetes, is too short a time for 
HbA1c to increase. 

We shall now consider the cells around the 
β-cells. The second important histological find-
ing is that pancreatic α-cells are also damaged 
in fulminant type 1 diabetes [15]. The α-cell 
area is decreased to 33.1% of that seen in nor-
mal controls, although this is not the case in 
autoimmune type 1 diabetic patients. 

We now turn to the cells outside the islet. 
The other portion of the pancreas, the exocrine 
portion, keeps its structure for at least 1-5 
months after the onset of fulminant type 1 dia-
betes. Neither edematous change, necrosis, 
hemorrhage, suppuration, cyst formation, fatty 
degeneration nor the apparent atrophy of the 
exocrine pancreas was observed in any patients. 

However, CD3+ T cell-predominant infiltration to the 
exocrine pancreas was observed at the same time [4]. 
Elevations in serum pancreatic amylase, lipase, elas-
tase-1 or phospholipase level are consistent with the 
histological findings in fulminant type 1 diabetes [4]. 
Pancreatic swelling is rarely reported in computed to-
mography or ultrasonography [17]. Some patients had 
disorders similar to pancreatitis, before the onset of 
overt diabetes and others after onset [18]. In both 
cases, symptoms resulting from exocrine dysfunction, 
such as diarrhea or fatty stool, were not long-standing. 

Table 1. Clinical characteristics of fulminant type 1 diabetes 
 

  

1. 20% of acute-onset Japanese type 1 diabetes. 
2. Duration of the disease < 7 days. 
3. High plasma glucose levels with near normal HbA1c. 
4. Disease onset accompanied by ketoacidosis. 
5. No C-peptide. 
6. Elevated serum pancreatic enzyme levels. 
7. Negative anti-islet autoantibodies. 
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Figure 1. Pancreatic β-cells are markedly reduced in fulminant type 
1 diabetes. β-cells are almost completely destroyed in fulminant 
diabetes, but low numbers remain in autoimmune type 1 diabetes 
(right panel). In fulminant patients the β-cell area is reduced to 1/37 
of that in autoimmune patients and 1/255 of that in normal controls 
(left panel). * p < 0.05. 



 
Pathogenesis of Fulminant Type 1 Diabetes The Review of Diabetic Studies 171  

  Vol. 3 ⋅ No. 4 ⋅ 2006 
 

www.The-RDS.org  Rev Diabetic Stud (2006) 3:169-177  

Increased serum pancreatic enzyme levels and pancre-
atic swelling disappear during the treatment of diabetic 
ketoacidosis alone, without drug treatment for pan-
creatitis, suggesting that the disorders in question are 
different from those seen in pancreatitis. 

We now return to the β-cells. Hypoglycemia is 
sometimes observed just before the onset of fulminant 
type 1 diabetes [4]. This is probably because β-cell de-
struction is so rapid that insulin in the destroyed β-cells 
may enter the blood stream within a short period of 
time. A similar phenomenon is frequently observed 
when streptozotocin (STZ) or alloxan is injected into 
rodents to provide models of type 1 diabetes. In these 
models, pancreatic β-cells are completely destroyed in 
the same way as is evident in fulminant type 1 diabetes 
[19]. Do these chemical agents then contribute to β-
cell destruction in fulminant type 1 diabetes? 

Chemical agent and Reye’s syndrome 
Many drugs, chemical agents and toxins are known 

to induce diabetes through impaired insulin secretion 
or impaired insulin action or both. Diuretics (thiazide 
or loop diuretics), diphenylhydantoin, pentamidine, 
pyriminil (vacor), β-adrenergic antagonists, diazoxide, 
cyclosporine and opiates induce diabetes through im-
paired insulin secretion [20]. However, most fulminant 
type 1 diabetic patients have not received any of those 
drugs [4-6]. Antibiotics and/or non-steroidal or ster-
oidal anti-inflammatory agents are sometimes used to 
treat the symptoms preceding fulminant type 1 diabe-
tes such as fever, sore throat or cough. A case of ful-
minant type 1 diabetes associated with brain edema 
and fatty degeneration in the liver, both of which are 
hallmarks of Reye’s syndrome, was reported [21]. Aspi-
rin, a representative non-steroidal anti-inflammatory 
agent, is known to trigger Reye’s syndrome [22]. Mito-
chondrial dysfunction causes Reye’s syndrome through 
fatty acid and other metabolic disorders. These find-
ings suggest that anti-inflammatory drugs may kill β-
cells, indirectly rather than directly, in some patients 
with fulminant type 1 diabetes. The question remains, 
however, of how the β-cells are destroyed in the re-
maining patients with fulminant type 1 diabetes, who 
do not take those agents. 

Virus-primary candidate? 
Viral involvement has been proposed in the patho-

genesis of fulminant type 1 diabetes because of its 
markedly acute onset (Table 2) [4-6]. As shown in the 
report by Sekine et al., pancreatic β-cells are destroyed 
within a few days in fulminant type 1 diabetes [14]. It 

appears that targeted epithelial cells are destroyed by a 
virus within a few days in acute pharyngitis or tonsilli-
tis. A nationwide survey revealed that flu-like symp-
toms were observed in 71.2 % of fulminant type 1 dia-
betic patients [6], also suggesting that viral infection 
was critical in the development of fulminant type 1 
diabetes. Of those symptoms, fever was the most fre-
quent and was observed in 60.0% of patients, followed 
in descending order of frequency by sore throat 
(25.2%), cough (12.0%), headache (11.5%) and nasal 
discharge (7.9%). Symptoms associated with gastroin-
testinal infection, such as diarrhea (5.5%) or lower ab-
dominal pain (11.0%), were also reported. Indeed, 
some cases of fulminant type 1 diabetes were reported, 
in which the onset of diabetes was accompanied by the 
reactivation of human herpes virus-6 [11, 14, 23-26] 
and infection with herpes simplex virus [27] or cox-
sackie B3 virus [28-29]. 

In addition, IgA antibody titers to enterovirus were 
significantly higher in patients with recent-onset fulmi-
nant type 1 diabetes than in those with typical type 1A 
diabetes and controls [30]. In this study, the assay sys-
tem was able to detect IgA antibodies reacting with 
several different serotypes of enterovirus such as cox-
sackie A, coxsackie B, and echoviruses. Titers of IgA 
antibodies would be increased if different serotypes of 
enteroviruses repeatedly infected a single patient. Thus, 
these results suggest that fulminant type 1 diabetic pa-
tients are more susceptible to enterovirus infections 
than autoimmune diabetic patients and controls. 

Shimada and Maruyama reported that encephalo-
myocarditis (EMC)-induced diabetes in a mouse model 
resembled fulminant type 1 diabetes in humans [31]. 
Intraperitoneal injection of male DBA/2 mice with a 
diabetic strain of EMC virus can induce very acute on-
set diabetes [32]. The EMC-induced diabetes model 
resembles fulminant type 1 diabetes, not only in its 
pattern of very rapid onset but also in the involvement 
of exocrine tissue damage, as indicated by histological 
findings and high serum amylase levels. 

Table 2. Viral infection in the pathogenesis of fulminant type 1 
diabetes 
 
 

                    Yes 
 

                 No 
 

Rapid progression 
 

  No pandemic 
 

Frequent flu-like symptoms 
 

  No elevation in antibodies to 
a specific virus 

 

Several case reports on infection 
with HHV-6, herpes simplex vi-
rus, Coxsackie B3 virus 

 

 

 

Elevated broad-reacting enterovi-
rus Ig-A 
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These lines of evidence prompted us to suppose 
that virus is a likely candidate for the pathogenesis of 
fulminant type 1 diabetes. However, an objection to 
this hypothesis has been raised. IgA antibody titers to 
enterovirus were significantly higher in fulminant type 
1 diabetes, but there was no elevation in anti-coxsackie 
A2-10 or coxsackie B1-6 virus serotype-specific neutraliz-
ing antibodies in paired sera of 20 recent-onset fulmi-
nant type 1 diabetic patients in a nationwide survey 
(unpublished observation). This was also the case in 
human herpes virus (HHV)-6, although 6 patients were 
reported to suffer from fulminant type 1 diabetes after 
infection with or reactivation of this virus [11, 14, 23-
26]. Titers of other viruses, HHV-7, cytomegalovirus, 
Epstein-Barr virus and rotavirus, were not elevated ei-
ther in paired sera of 20 recent-onset fulminant type 1 
diabetic patients (unpublished observation). This result 
suggests that viral infection is a candidate for fulmi-
nant β-cell killing, but no definite evidence is available 
to date. In addition, the nationwide survey revealed 
that no pandemic of fulminant type 1 diabetes has ever 
occurred. It is factors within the host, therefore, which 
are more significant for the development of fulminant 
diabetes than the virus itself. This was also demon-
strated in the EMC-induced diabetes model. In this 
model, the same variant of EMC virus exerts effects in 
some inbred strains of mice such as DBA/2, SJL, or 
SWR, but not in C57BL/6 or BALB/C [32]. 

Recently, we took care of a 64-year-old patient who 
suffered from fulminant type 1 diabetes after influenza 
B infection (Sano et al., manuscript submitted). This 
virus is very common in Japan, so it was unlikely that it 
was the first time he had been infected. A new variant 
of influenza B virus may be involved, but it is likely 
that not only the influenza B virus itself but additional 
factors affect the development of fulminant type 1 
diabetes. 

In the next section, we discuss the host-defence 
mechanism, as part of the immune reaction, in the de-
velopment of fulminant type 1 diabetes. 

Immune mechanism 

Islet autoantibodies seldom appear in fulminant 
type 1 diabetes. In the 11 patients with fulminant type 
1 diabetes, who were initially reported, all these anti-
bodies were negative in all patients [4]. Also in a na-
tionwide survey, GAD antibody was positive only in 
4.7% of cases and the titer was low. Neither IA-2Ab, 
IAA, nor ICA was positive in fulminant diabetic pa-
tients at all [6]. Positive GAD antibodies were detected 
in some cases, but the titer was low and positivity was 

transient, suggesting that those antibodies were pro-
duced as a result rather than a cause of β-cell destruc-
tion, as is the case in subacute thyroiditis. In this dis-
ease, thyroid autoantibody is sometimes transiently de-
tected in patients’ sera [33-34]. In addition, thyroid 
autoantibodies or thyroid disorders and other autoim-
mune diseases such as Hashimoto’s thyroiditis or 
Graves’ disease, are less frequent in fulminant diabetes 
than in autoimmune type 1 diabetes [6]. 

Insulitis, the mononuclear cell infiltration of islets, 
and hyperexpression of MHC class I antigens in islets, 
are hallmarks of immune disorder and were observed 
in autoimmune type 1 diabetes [35], but were not 
found in the patients with fulminant type 1 diabetes in 
our first report. Their pancreases were studied at 1-5 
months after onset [4]. Yamazaki and Hayashi also re-
ported no insulitis in the biopsy specimens taken on 
Day 33 after the onset of fulminant diabetes [36]. In 
patients with autoimmune type 1 diabetes of similar 
duration, CD8+ T-cell predominant insulitis was ob-
served in the pancreas biopsy tissue. Fas was expressed 
in islet cells and Fas ligand was expressed in islet-
infiltrating T cells. Pancreatic β-cells, therefore, are 
supposed to be destroyed through Fas-Fas ligand in-
teraction in type 1A diabetes [37]. We had hypothe-
sized that the absence of both islet-related autoanti-
bodies in patients’ sera and insulitis in patients’ pan-
creas suggest that an autoimmune mechanism does not 
contribute to the development of fulminant type 1 
diabetes [4-5]. 

On the other hand, Tanaka et al. reported an au-
topsy case of fulminant type 1 diabetes where lympho-
cytes had infiltrated into both the endocrine and exo-
crine pancreas a few days after the onset of overt dia-
betes [38]. We also confirmed cellular infiltration of 
the pancreatic islets in patients with fulminant type 1 
diabetes who died 3 days after onset (unpublished ob-
servation). On the basis of these findings, we now 
think that cellular infiltration of islets exists at ap-
proximately the time of onset of fulminant type 1 dia-
betes but disappears soon after β-cell destruction (Ta-
ble 3). 

Table 3. Immune reaction in the pathogenesis of fulminant type 1 
diabetes 
 
 

                    Yes 
 

                 No 
 

Insulitis just after onset 
 

  No insulitis 1 mo after onset
 

PBMC reactive to β-cell antigens 
 

  Few autoantibodies to β-cell 
antigens 
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GAD-reactive Th1 cells and insulin B9-23-reactive 
Th1 cells were identified in peripheral blood mononu-
clear cells in 9 out of 13 and 3 out of 12 fulminant type 
1 diabetic patients by using ELISPOT assay [39]. Shi-
mada et al. reported a fulminant diabetic patient with 
high serum levels of CXCL10, a chemokine inducing 
migration of activated T-cells to local lesions and 
GAD-reactive CD4+ cells in the periphery [40]. These 
findings indicate that cellular immunoreactivity to β-
cell antigens may be unregulated in fulminant type 1 
diabetes, at least after the onset of overt diabetes. 

However, the presence of insulitis does not neces-
sarily mean that β-cell death is caused by autoimmu-
nity. Immune mechanisms include not only autoim-
munity but also other mechanisms such as antivirus 
immunity following viral infection of β-cells, as was 
demonstrated in the EMC-infected mouse model [32]. 
In addition, the presence of T cell immunoreactivity 
after onset would not be the cause but the result of β-
cell death. 

The histological findings obtained shortly after on-
set and peripheral blood data suggest that the immune 
reaction to pancreatic β-cells is important in the devel-
opment of fulminant type 1 diabetes. The human leu-
kocyte antigen (HLA) plays a significant part in im-
mune reaction. So, our next theme is the role of HLA 
subtypes in fulminant type 1 diabetes. 

Genetic factors - the role of HLA 
It has been reported that HLA confers susceptibil-

ity and resistance to the development of type 1 diabe-
tes [41]. HLA DR4-DQ4 (usually encoded by 
DRB1*0405-DQB1*0401) and DR9-DQ3 (encoded by 
DRB1*0901-DQB1*0303) have been re-
ported to confer susceptibility, and DR2-
DQ1 (encoded by DRB1*1501/*1502-
DQB1*0602/*0601) resistance, to type 1 
diabetes in Japanese subjects. On the other 
hand, HLA DR4-DQ1 (encoded by 
DRB1*0401-DQB1*0302) and DR3-DQ2 
(encoded by DRB1*0301-DQB1*0201), but 
not DR4-DQ4, confer susceptibility, and 
DR2-DQ1 (encoded by DRB1*1501-
DQB1*0602) also confers resistance, to type 
1 diabetes in Caucasians [41-42]. 

As a part of the nationwide survey, 
HLA-A, -DR and -DQ serotypes were in-
vestigated in 91 fulminant and 81 autoim-
mune (type 1A) diabetic patients together 
with 190 normal controls [43]. The distribu-
tion of HLA-A, class I HLA, did not differ 
among the 3 groups. As regards class II 

HLA, DR4-DQ4 was observed in 41.8% and was thus 
significantly more frequent, whereas both DR2-DQ1 
and DR8-DQ1 were less frequent in fulminant diabe-
tes. In type 1A diabetes, DR2-DQ1 was extremely rare, 
while DR9-DQ3 was significantly more frequent. In 
the combined analysis, the homozygote of DR4-DQ4 
in fulminant type 1 diabetes and DR9-DQ3 in typical 
type 1A diabetes showed high odds ratios (13.3 and 
13.3 respectively). These results suggest that class II 
HLA also contributes to the development of fulminant 
type 1 diabetes, but that the susceptibility and resis-
tance of the HLA subtype to type 1 diabetes are differ-
ent in fulminant and typical autoimmune type 1 diabe-
tes. The HLA-DR4-DQ4 haplotype is common in 
Japanese subjects but rare in the Caucasian population. 
It might contribute to the different incidence of fulmi-
nant type 1 diabetes between Japanese and Caucasians. 
The role of class II HLA has been emphasized in the 
context of the antigen-presenting process in typical 
autoimmune type 1 diabetes [42], but it remains to be 
elucidated how a certain class II HLA can contribute 
towards the molecular mechanisms of β-cell destruc-
tion in fulminant type 1 diabetes. One possibility is 
that the HLA molecule is associated with an immune 
reaction in fulminant diabetes-like type 1A diabetes. It 
is also possible that it may interact with some kind of 
virus as shown in mice [44]. In addition, small pilot 
studies suggest that DR4-DQ4, which is susceptible to 
fulminant diabetes, is encoded by DRB1*0405-
DQB1*0401 [45-46]. 

Other genetic factors contributing to the develop-
ment of fulminant type 1 diabetes are largely unknown. 
The preliminary study of CTLA-4 gene polymorphism 
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Figure 2. Tentative hypothesis for the development of fulminant type 1 
diabetes. 
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in exon 1 showed no susceptibility to the development 
of this disease (Kawasaki E, Imagawa A, et al., unpub-
lished observation). 

Association with pregnancy 
Fulminant type 1 diabetes is not predominant in 

females, but pregnancy is sometimes associated with 
this disease [47-49]. Almost all patients who suffered 
from type 1 diabetes during pregnancy or just after de-
livery showed characteristics similar to the fulminant 
type. Shimizu et al. reported on the clinical characteris-
tics of 22 patients who developed fulminant diabetes 
associated with pregnancy [49]. Out of those 22 pa-
tients, 18 patients developed diabetes during pregnancy 
and 4 patients developed diabetes within 2 weeks after 
delivery. Onset in 13 patients took place in the third 
trimester and fetal demise occurred in 12 out of 18 pa-
tients who developed fulminant diabetes during preg-
nancy. It is well known that autoimmune thyroid dis-
ease is ameliorated during pregnancy because of a shift 
in a Th1- to a Th2-type response, but is aggravated af-
ter delivery. This phenomenon is well known as a 
postpartum autoimmune disease, especially postpartum 
thyroid disease [50]. Because postpartum aggravation 
of Hashimoto’s disease usually occurs 1-4 months after 
delivery, a postpartum rebound in cellular immunity is 
assumed to occur around this period. However, the 

onset of fulminant type 1 diabetes associated with 
pregnancy occurred either during pregnancy or shortly 
after delivery. Therefore, it may be caused by a mecha-

nism other than that of postpartum 
autoimmune disease. 

Tentative hypotheses for the 
destruction of β-cells 

Figure 2 illustrates our tentative 
hypothesis of β-cell destruction in 
fulminant type 1 diabetes. Both ge-
netic and environmental factors con-
tribute to the development of fulmi-
nant type 1 diabetes. The results of 
HLA analyses and antibodies to en-
terovirus suggest that they are risk 
factors contributing to the suscepti-
bility of fulminant type 1 diabetes de-
velopment. Viral infection triggers 
the destruction of β-cells in suscepti-
ble individuals. The first pathway to 
β-cell death is via viral infection of, β-
cells and the self-replication of the 
infected cells. Viral infection also ac-
tivates an innate immune response to 
delete viruses and infected cells, pre-
dominantly through macrophage-
derived agents, for example, cyto-

kines and nitric oxide. This would be the second and 
main pathway and would play an important role in the 
destruction of β-cells in fulminant diabetes. It is note-
worthy that the damage to both α- and β-cells suggests 
a less specific mechanism to β-cells in fulminant diabe-
tes than that in typical type 1A diabetes. We can specu-
late that some kind of bystander effect on the part of 
cytokines or nitric oxide might play a role in the de-
struction of islet cells. In the final phase, the adaptive 
immune system would be activated and the remaining 
viruses and their host, the β-cells, would be destroyed 
by T cells. This is the third pathway, although the de-
tailed mechanism remains to be clarified. 

Is this hypothesis different from that of type 1A 
diabetes or not? Is fulminant type 1 diabetes a subtype 
of type 1A diabetes, but one that does not have 
enough time to develop islet autoantibodies? Do vi-
ruses, macrophages and T cells also play a part of some 
kind in the destruction of β-cells in type 1A diabetes? 
These questions are difficult to answer because the 
molecular mechanism of type 1A diabetes is not yet 
fully understood [51]. However, the bimodal distribu-
tion of glycosylated hemoglobin at the onset of overt 

 

Table 4. Criteria for the diagnosis of fulminant type 1 diabetes mellitus 
 

  

Criteria determining fulminant type 1 diabetes: 
1. Diabetic ketosis or ketoacidosis occurring soon, approx. 7 d after the 

onset of hyperglycemic symptoms (elevation of urinary and/or serum 
ketone bodies at first visit). 

2. Plasma glucose levels ≥288mg/dl (16.0mmol/l) and HbA1c levels 
<8.5% at first visit. 

3. Urinary C-peptide excretion <10mg/day or fasting serum C-peptide 
levels <0.3ng/ml and <0.5ng/ml after i.v. glucagon (or after a meal) 
at onset. 

Possible additional observations: 
1. Islet-related autoantibodies, such as antibodies to GAD, IA-2 and 

insulin, are negative in general. 
2. Duration of the disease before the start of insulin treatment could be 

1 to 2 wk. 
3. Elevation in serum pancreatic enzyme levels (amylase, lipase or elas-

tase-1) is observed in 98% of the patients. 
4. Flu-like symptoms (fever, upper respiratory symptoms, etc.) or gas-

trointestinal symptoms (upper abdominal pain, nausea and/or vomit-
ing, etc.) precede disease onset in 70% of patients. 

5. The disease could occur during pregnancy or just after delivery. 
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diabetes suggests a discontinuous etiology between 
fulminant and classic type 1A diabetes. 

In addition, insulin resistance, which is another op-
erator of glucose intolerance and which plays a critical 
part in type 2 diabetes, might also play a significant 
role in fulminant type 1 diabetes. Viral infection, which 
is commonly detected at the onset of fulminant diabe-
tes, induces insulin resistance. A higher insulin dose 
needs to be injected in fulminant type 1 diabetes than 
in type 1A diabetes [6]. However, no detailed findings 
are available to date about insulin resistance in patients 
with fulminant type 1 diabetes. 

For the better understanding of the pathogenesis of 
fulminant type 1 diabetes, the identification of the pa-
tients with this disease is essential. For this purpose, 
the committee of the Japan Diabetes Society on the 
Research of Fulminant Type 1 Diabetes Mellitus de-
termined the criteria for the definite diagnosis of ful-
minant type 1 diabetes mellitus in 2004 (Table 4) [52]. 

Conclusions 
Fulminant type 1 diabetes is a recently discovered 

subtype of type 1 diabetes. The evidence accumulated 
to date suggests that both the viral infection itself and 
the subsequent immune reaction are likely to cause β-
cell destruction and finally fulminant type 1 diabetes. 
The next step in studying this novel clinical entity 
would be to clarify the molecular mechanism of β-cell 
destruction in detail. 
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