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I

n contrast to type 1 diabetes (T1D), type 2 diabetes (T2D) is characterized by obesity, insulin resistance, and hyperinsulinemia. Although the
amount of insulin secretion is an obvious distinction between T1D and

T2D, “hyperinsulinemia” is often overinterpreted in patients with T2D.
There are two things to be considered while evaluating plasma insulin
level. The first thing is the effect of hyperglycemia. Glucose is a major
driver of insulin secretion by beta cells. Thus, hyperinsulinemia in patients
with T2D is often overestimated because of the presence of hyperglycemia.
When plasma glucose level is controlled at the same level, the loss of insulin secretion in patients with T2D, compared with non-diabetic individuals, becomes apparent [1].
The second thing is the effect of insulin sensitivity. When insulin sensitivity is reduced, insulin secretion increases in order to maintain normoglycemia. The disposition index, which is insulin secretory capacity adjusted by insulin sensitivity, therefore reflects “true” beta cell function [2].
A reduced disposition index has been consistently shown in patients with
T2D. These findings indicate that beta cell function is impaired in patients
with T2D, even if “pseudo” hyperinsulinemia is observed in these patients.
Loss of beta cell function in T2D is further evidenced by the loss of

Figure 1. Changing concepts of pathogenesis of type 1 and type 2 diabetes in
the past and present.

beta cell mass. Not only beta cell function, but beta cell mass, i.e., the number of beta cells, has also been shown to decrease in patients with T2D
[3,4]. Thus, hyperinsulinemia in patients with T2D does not necessarily
mean even “normal” beta cell mass. In this regard, we now know that deficit of beta cells is a common pathological feature of both T1D and T2D.
Diabetes never develops unless beta cells are impaired.
So, what is the distinction between T1D and T2D? This should be the
cause of the beta cell deficit. While the autoimmune attack of beta cells is
the cause of T1D, obesity/insulin resistance or, more precisely, weight (visceral fat) gain/reduced insulin sensitivity is likely to be the cause of beta
cell deficit in T2D (Figure 1).
This change in the concept of T2D emphasizes the importance of
preservation/protection of residual beta cells as a treatment strategy for
T2D. Also, at the same time, it emphasizes that the elimination of the
cause of T2D, i.e., obesity and insulin resistance, is significant to prevent
further loss of beta cells. Recent studies have shown that reducing beta
cell workload by treatment with energy restriction or insulin sensitizers
results in better preservation of beta cell function [5,6].

Therefore, although T2D is characterized by insulin resistance and beta
cell dysfunction, it is important to recognize that these two factors are not
independently present, but rather act mutually (Figure 2). Therapy for insulin resistance is important not only for those with high insulin resistance,
but also to preserve functional beta cell mass in T2D patients with any
degree of obesity whose beta cells are already impaired.
This paradigm shift in the concept of T2D also emphasizes the importance of prevention of beta cell loss even before the onset of T2D. Prevention and treatment of obesity/insulin resistance are therefore encouraged in the general population before the onset of diabetes, especially in
those with a family history of diabetes and/or prediabetes.
This new concept of T2D also suggests the possibility that “true” hyperinsulinemia may be present before the onset of diabetes when beta
cells can sufficiently compensate for reduced insulin sensitivity. The risk
of cardiovascular morbidity and mortality is already increased in those
with pre-diabetes [7,9], suggesting that atherosclerosis worsens mainly
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due to “true” hyperinsulinemia before the onset of diabetes. If so, improvement of cardiovascular outcomes in patients with T2D may require
treatment of “true” hyperinsulinemia before the onset of diabetes. Recent
studies have shown that glucose-lowering therapy has only modest effects
to improve cardiovascular outcomes in patients with T2D [10,11]. Therefore, we may need to focus on further preemptive treatments to improve
cardiovascular outcomes.
Now, we may need to change our current concept of T2D. This paradigm shift in T2D may contribute to the reinforcement of new research
questions and further improvement of diabetes care in clinical practice.
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Figure 2. New concept of relative contributions of insulin resistance and beta
cell dysfunction in type 2 diabetes (T2D). T2D never develops without beta cell
dysfunction. This new concept indicates the need for beta cell protection before the onset of T2D. NGT, normal glucose tolerance; IGT, impaired glucose
tolerance.
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