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Insulin treatment should be introduced in patients with slowly progressive type 1
diabetes (SPIDDM; definite), according to the revised diagnostic criteria of SPIDDM (2023).
In contrast, SPIDDM (probable) patients are in a non-insulin-dependent state; therefore, a

more flexible treatment can be considered, although sulfonylurea agents should be
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avoided. Insulin treatment has been shown to maintain endogenous insulin secretion
capacity in SPIDDM (probable); however, this does not mean that all SPIDDM (probable)
patients should use insulin from the early phase. Dipeptidyl peptidase-4 inhibitors and
biguanides might be the treatment of choice for SPIDDM (probable), but no evidence
exists for other hypoglycemic agents. In any case, careful monitoring of the endogenous

insulin secretion capacity should be carried out, and if a decrease in insulin secretion
capacity is suspected, a change in treatment should be considered to prevent progression
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to an insulin-dependent state.

doi: 10.1111/jdi.14267

In 2023, the diagnostic criteria of slowly progressive type 1 dia-
betes (SPIDDM) were revised (Table 1), It has been more
than 10 years since the diagnostic criteria for SPIDDM were

+Chairman

All' authors are members of Committee on Type 1 Diabetes of the Japan Diabetes
Society.

This article is the English version of “Statement regarding treatment for suspected
slowly progressive type 1 diabetes cases’(https.//doiorg/10.11213/tonyobyo.66.807)
released in Japanese in Volume 66 Issue 12, 2023 on the official website of the Japan
Diabetes Society, and has been jointly published in Diabetology International (the official
English Journal of the Japan Diabetes Society: https//doi.org/10.1007/513340-024-00753-
2) and Journal of Diabetes Investigation (the official journal of the Asian Association for
the Study of Diabetes).

The authors received approval from the editors of the Journal of the Japan Diabetes
Society, Journal of Diabetes Investigation and Diabetology International.

Received 24 June 2024; revised 27 June 2024; accepted 1 July 2024

© 2024 The Japan Diabetes Society. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd

established in 2012, and problems in clinical practice have been
pointed out. In the diagnostic criteria (2012)*, SPIDDM
includes cases in a non-insulin-dependent state. Furthermore,
regarding anti-islet autoantibodies, only glutamic acid decarbox-
ylase (GAD) antibodies and islet cell antibodies, which are
known to correlate with the risk of progression to an
insulin-dependent state, were included in the previous diagnos-
tic criteria. However, some cases progressed to an
insulin-dependent state, even though they were positive for the
insulinoma-associated antigen-2 antibody only”, raising the con-
cern that these cases cannot be diagnosed as SPIDDM. Further-
more, it has been recognized recently that not all GAD
antibody-positive cases with a non-insulin-dependent state,
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Table 1 | Diagnostic criteria (2023) of slowly progressive type 1
diabetes

Required factors:

(1) Presence of anti-islet autoantibodies at some time point during
the disease course®

(2) Principally, absence of ketosis or ketoacidosis at the time of
diabetes diagnosis, and unnecessary use of insulin treatment to
correct hyperglycemia immediately after diagnosis.

(3) Gradual reduction in insulin secretion overtime, requirement of
insulin treatment at more than 3 months’ after diagnosis of
diabetes and severe endogenous insulin deficiency (fasting serum
C-peptide immunoreactivity <06 ng/mL) at the last observed time
point.

Judgment:

® When the patient fulfills all the three criteria described above, he/
she is diagnosed with “slowly progressive type 1 diabetes

(definite).”

® When the patient fulfills the only (1) and (2), but not (3), the case

is diagnosed with “slowly progressive type 1 diabetes (probable).”

“Anti-islet autoantibodies include glutamic acid decarboxylase antibody,
insulinoma-associated antigen-2 antibody, islet cell antibody, zinc trans-
porter 8 antibody or insulin autoantibodies. Insulin autoantibodies
should be measured before initiating insulin treatment. "More than

6 months in a typical case.

which were considered as SPIDDM in previous diagnostic cri-
teria, progressed to an insulin-dependent state’.

Moreover, in Western countries, the concept of latent auto-
immune diabetes in adults (LADA) includes both non-insulin-
dependent and insulin-dependent states in anti-islet
autoantibody-positive diabetes, and it has been discussed that
the correlation between LADA and SPIDDM in Japan should
be clarified.

The incidence of LADA among diabetes patients has been
reported as 2-10% in Western countries, whereas SPIDDM,
GAD autoantibody and/or islet cell antibodies-positive cases,
according to previous diagnostic criteria in Japan, have been
reported to be 2—4%, reaching approximately 10% if insulin
autoantibody, insulinoma-associated antigen-2 antibody and
zinc transporter 8 antibody are included, similar to those of
LADA”®. Based on the aforementioned background, the diag-
nostic criteria for SPIDDM were revised.

In the new diagnostic criteria, the diagnosis of SPIDDM is
made using the positivity of anti-islet autoantibodies, and despite
a non-insulin-dependent state at diagnosis of diabetes, insulin
secretion capacity gradually decreases until the insulin-dependent
state (fasting C-peptide level <0.6 ng/mL). Patients diagnosed
with SPIDDM (definite) are considered to be in an
insulin-dependent state; therefore, insulin treatment is necessary.

In contrast, even though the anti-islet autoantibodies are pos-
itive, patients with preserved insulin secretion capacity are diag-
nosed with SPIDDM (probable), which cannot be diagnosed as
SPIDDM at this stage; therefore, the patients will be treated as

http://wileyonlinelibrary.com/journal/jdi

suspected cases of SPIDDM. As these patients are in a non-
insulin-dependent state, there are discussions on how to
treat them.

These patients are at high risk of progressing to SPIDDM;
however, they cannot be diagnosed with SPIDDM, as afore-
mentioned. Hence, such patients are considered to have diabe-
tes in a non-insulin-dependent state, previously designated as
“non-insulin-dependent diabetes (NIDDM)”; therefore, it is not
necessary to exclude the usage of hypoglycemic agents other
than insulin. However, many patients in the non-insulin-
dependent state with anti-islet autoantibody-positive diabetes
(SPIDDM in previous diagnostic criteria) were treated with
insulin from the early phase based on evidence from the Tokyo
study’, with some cases treated with insulin despite the insuffi-
cient evaluation of pathophysiology. This leads to confusion
regarding treatment in clinical practice; therefore, the current
statement is established. Furthermore, recently, a consensus
statement regarding the treatment for LADA has been pub-
lished overseas'’; therefore, this statement was established by
considering the evidence in Japan and the consensus statement
of LADA. LADA is a concept in adults, whereas similar patho-
physiology in young patients, including children, is called latent
autoimmune diabetes in youth; however, there is no consensus
regarding latent autoimmune diabetes in youth'".

EVALUATION OF THE RISK OF PROGRESSION TO
INSULIN-DEPENDENT STATE IN SPIDDM (PROBABLE)

It is important to plan interventions for patients with SPIDDM
(probable) by considering those who are at risk of progressing
to an insulin-dependent state.

It has been shown that a high titer (>10 U/mL) of the GAD
antibody in the radioimmunoassay method, which was used
until 2015, predicts a high risk of progressing to an
insulin-dependent ~ state>. However, the prediction of
insulin-dependent risk using GAD antibodies in enzyme-linked
immunosorbent assays, which has been used in Japan since
2016, remains controversial.

In a previous report by Kawasaki et al.'?, it was shown that
patients with two or more anti-islet autoantibodies were at a risk
of progressing to an insulin-dependent state in SPIDDM (proba-
ble). However, it is noteworthy that we cannot measure
insulinoma-associated antigen-2 antibodies under the current
Japanese insurance system if GAD antibody positivity is con-
firmed, although it is possible to measure insulin autoantibodies.
Similar results were also shown in the Ehime study", which
showed that positivity for anti-thyroid peroxidase antibody sug-
gests a high risk of progressing to an insulin-dependent state.

Furthermore, it has been shown that patients with the fol-
lowing characteristics also show features of progression to an
insulin-dependent state: low body mass index, younger onset
age, short duration before diagnosis of GAD antibody-positive
diabetes and low fasting C-peptide at diagnosis®'*"”. In addi-
tion, in those aged <45 yearslG, SPIDDM (probable) cases
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frequently progressed to an insulin-dependent state in the UK
Prospective Diabetes Study.

Therefore, SPIDDM (probable) patients with the following
characteristics are at a high risk of progressing to an
insulin-dependent state: high GAD antibody titer, positivity of
two or more anti-islet autoantibodies, anti-thyroid peroxidase
antibody positivity in addition to GAD antibody positivity, low
body mass index, relatively early onset of disease and low
C-peptide at diagnosis.

SELECTION OF MEDICATION

Sulfonylurea agents

Even in the previous version of the diagnostic criteria, it was
emphasized that sulfonylurea (SU) agents should be avoided in
SPIDDM patients in the non-insulin-dependent state, based on
the Tokyo study’. In the Tokyo study, it was suggested that
patients with anti-islet autoantibody positivity (ie, GAD anti-
body and/or islet cell antibodies positivity, SPIDDM (probable)
in the current diagnostic criteria) progressed to an
insulin-dependent state (i.e. decrease of endogenous insulin
secretion capacity) when treated with SU agents, as compared
with insulin therapy, irrespective of GAD antibody titer.

Although the precise mechanism is not defined, it has been
suggested that the destruction of islets by lymphocytes might
progress through the activation of antigen presentation in the
islets by SU agents’.

In addition, it has been reported that SU agents are not the
treatment of choice for LADA", suggesting that the use of SU
agents for SPIDDM (probable) is not the correct choice. There-
fore, SU agents should be avoided when treating SPIDDM
(probable).

In the Tokyo study, it was shown that early intervention
with insulin therapy is more effective than SU agents; however,
it is unknown whether insulin therapy is more effective than
oral hypoglycemic agents other than SU agents. Therefore, care
must be exercised not to select insulin therapy for all patients
with SPIDDM (probable). However, it is noteworthy that insu-
lin therapy is not excluded at the SPIDDM (probable) stage.

Non-SU agents

1. Dipeptidyl peptidase-4 (DPP-4) inhibitors: In the SPAN-S
study'® in Japan, it was suggested that DPP-4 inhibitors
might preserve the insulin secretion capacity compared with
pioglitazone in SPIDDM (probable), although the number of
evaluated patients was limited. It has also been suggested
that DPP-4 inhibitors might preserve endogenous insulin
secretion capacity compared with SU agents'” or placebo'”.
In an animal model, it has been shown that a DPP-4 inhibi-
tor suppresses the migration of lymphocytes to pancreatic
islets®. Furthermore, it has been suggested that DPP-4
inhibitors might promote pancreatic islet regeneration®'.
Based on the evidence described above, DPP-4 inhibitors
might be a treatment choice for SPIDDM (probable).
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2. Biguanides: It has been suggested that biguanides might pre-
serve endogenous insulin secretion capacity compared with
pioglitazone in the treatment of SPIDDM (probable)®,
although these are preliminary data. It has been suggested
that biguanides alter the characteristics of the gut flora and
affect immune function®. Overseas, there is no obvious evi-
dence that biguanides preserve endogenous insulin secretion
capacity in SPIDDM (probable); however, it is not necessary
to exclude the use of biguanides'’. Based on the evidence
described above, it is not necessary to exclude biguanides as
a treatment choice for SPIDDM (probable).

3. Others: It has been suggested that pioglitazone might not be
able to preserve endogenous insulin secretion capacity as
compared with DPP-4 inhibitors'® or biguanides® in
SPIDDM (probable), as aforementioned. In an animal
model, it has been shown that pioglitazone might contribute
to the improvement of islet B-cell function; however, it has
been reported that the effectiveness of pioglitazone in treat-
ing type 1 diabetes is not conclusive®. Although this is the
case for other thiazolidinediones, it has been reported that a
combination of thiazolidinedione and insulin therapy might
be more effective than insulin therapy alone®, although
reproducibility warrants confirmation'’. Based on the evi-
dence described above, pioglitazone is not recommended for
SPIDDM (probable). Regarding glucagon-like peptide-1
(GLP-1) receptor agonists, there is little evidence so far,
although they have been reported to improve HbAlc levels
in LADA”. There is no statement regarding sodium—glucose
cotransporter 2 inhibitors, a-glucosidase inhibitors, glinides
and imeglimin, as there is currently no evidence regarding
the effectiveness of those agents for SPIDDM (probable).
There is limited evidence regarding the effectiveness of
glucagon-like peptide-1 receptor agonists in the treatment of
SPIDDM (probable), and there is no statement regarding
the usage of sodium-—glucose cotransporter 2 inhibitors, o-
-glucosidase inhibitors, glinides and imeglimin, as aforemen-
tioned. Hence, coming to a definite conclusion is difficult at
this point.

CAREFUL OBSERVATION AFTER INTERVENTION
Irrespective of the choice of intervention, it is necessary to care-
fully monitor plasma glucose levels and B-cell function
(through the measurement of C-peptide). If worsening plasma
glucose levels and a decrease in endogenous insulin secretion
capacity are suspected, it is necessary to switch to another treat-
ment, such as prompt intensive insulin therapy, that can main-
tain appropriate plasma glucose levels and reduce the risk of
progression to an insulin-dependent state. Currently, the evalu-
ation of medication is based on plasma glucose control and
progression to an insulin-dependent state in the midterm; how-
ever, it is necessary to include the evaluation of diabetic vascu-
lar complications in the future.

© 2024 The Japan Diabetes Society. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 1 | Therapeutic intervention for patients with slowly progressive type 1 diabetes (SPIDDM; probable). a-Gl, a-glucosidase inhibitor; BG,
biguanides; CPR, C-peptide immunoreactivity; DPP-4, dipeptidyl peptidase-4; HbAlc, glycated hemoglobin; OHA, oral hypoglycemic agents; PG,
plasma glucose; SU, sulfonylurea; T1D, type 1 diabetes; Tx, therapy; TZD, thiazolidinedione.

SUMMARY

Figure 1 summarizes the description above. Insulin therapy is
the treatment of choice for patients diagnosed with SPIDDM
(definite) according to the revised diagnostic criteria (2023;
Table 1), by fulfilling criteria 1, 2 and 3. For cases with
SPIDDM (probable) that fit only criteria 1 and 2; that is, only
those who are still in a non-insulin-dependent state, the treat-
ment choice is more flexible. This statement is described as a
reference for treating these cases, and the important points are
as follows.

1. Avoid the use of SU agents.

2. There is clear evidence that insulin therapy preserves endog-
enous insulin secretion capacity as compared with SU
agents; therefore, it is the preferred treatment choice; how-
ever, there is no evidence for comparison with agents other
than SU agents. Therefore, there is no evidence supporting
the use of insulin therapy to treat all SPIDDM (probable)
cases.

3. DPP-4 inhibitors can be one of the treatment choices.

. It is not necessary to avoid the usage of biguanides.

5. Regarding other agents, the use of pioglitazone is not recom-
mended at this point, and evidence is lacking regarding
glucagon-like peptide-1 receptor agonists, sodium-—glucose
cotransporter 2 inhibitors, o-glucosidase inhibitors, glinides
and imeglimin; therefore, the use of these agents should be
evaluated in the future.

S

Even if any medication is selected, close observation should
be carried out to evaluate the plasma glucose control state and
endogenous insulin secretion capacity (measurement of C-
peptide) over time. If worsening of plasma glucose levels or a
decrease in endogenous insulin secretion capacity is suspected,
a change in treatment, such as prompt introduction of insulin
therapy to suppress the progression to an insulin-dependent
state, should be considered.

For reference, SPIDDM (probable) patients are in a non-
insulin-dependent state; as aforementioned, it is necessary to
treat those patients as NIDDM in the Japanese insurance sys-
tem; however, we should discuss making the use of the agents
described above for SPIDDM (probable) in the insurance sys-
tem possible.

This is the English version of the statement regarding treat-
ment for suspected slowly progressive type 1 diabetes cases in
the Journal of the Japan Diabetes Society™.
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