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Changing Our Mind: Beta Cell Workload Hypothesis
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Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan

Despite recent advances in treatment options for type 2 diabetes 
(T2DM), the prevalence of T2DM continues to increase throughout 
the world [1]. A healthy lifestyle is a key factor in both treatment and 
prevention of T2DM. A healthy lifestyle cannot be established without 
self-management ability. Better understanding of the pathogenesis of 
T2DM will improve self-management ability.

T2DM is characterized by insulin resistance and beta cell 
dysfunction, which result in insufficient insulin action, leading to chronic 
hyperglycemia. However, since obesity is a major risk factor for T2DM, 
and hyperinsulinemia is also observed in individuals with T2DM, 
insulin resistance is often emphasized as a characteristic of T2DM. 
In contrast, since insulin resistance is considered to be accompanied 
by hyperinsulinemia, beta cell dysfunction is often ignored in these 
subjects.

However, recent studies showed that beta cell dysfunction, but not 
insulin resistance, is critical for the development of T2DM [2]. Even in 
the obese subjects with T2DM, beta cell function and mass are reduced 
[3,4]. These data suggest that beta cell dysfunction is the common 
pathogenetic feature of both type 1 and type 2 diabetes (Figure 1).

Our and others’ data suggest that the ability of expansion of 
beta cell mass in adult humans is markedly limited (0 to 50%) [5-7]. 
Considering the fact that insulin secretion is two to three fold increased 
in obese individuals [8], the workload of each beta cell is presumed to 

be increased. Increased workload of beta cells may result in beta cell 
death through various mechanisms such as Endoplasmic Reticulum 
(ER) stress, oxidative stress and amyloid deposits. Reduced function 
and/or mass of beta cells will result in a further increase in workload of 
residual beta cells. After the development of T2DM, glucolipotoxicity 
also worsens beta cell functional mass. This vicious cycle may underlie 
the progressive nature of T2DM.

Taking these findings into account, one can consider that reduced 
functional beta cell mass is essential for the development of T2DM, 
and insulin resistance is a causal factor triggering reduced functional 
beta cell mass. Therefore, T2DM cannot develop without beta cell 
dysfunction, but it can develop without insulin resistance (Figure 2).

Better understanding of the pathophysiology of T2DM by healthcare 
professionals and patients as well as the general population is important 
for improving self-management ability to adhere to a healthy lifestyle. 
This may be a subtle change, but such subtle changes in thinking are 
important in changing our lifestyle and preventing the development of 
T2DM. We should not be lazy about changing our mind.
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Figure 1: Concepts of pathogenesis of type 1 and type 2 diabetes.

Figure 2: Relative contribution of insulin resistance and beta cell dysfunction 
in type 2 diabetes. NGT: Normal Glucose Tolerance; IGT: Impaired Glucose 
Tolerance.
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