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There is global consensus that type 1 diabetes is 

characterized by a loss of beta cells, mainly 

through autoimmune-mediated beta cell destruction 

[1]. On the other hand, obesity, hyperinsulinemia 

and insulin resistance have often been emphasized 

as characteristics of type 2 diabetes in contrast to 

type 1 diabetes. However, studies have shown that 

if hyperinsulinemia is corrected by insulin 

sensitivity, insufficient insulin secretion in patients 

with type 2 diabetes and even those with Impaired 

Glucose Tolerance (IGT) becomes apparent [2-4].  

Moreover, recent autopsy studies consistently 

demonstrated that beta cell mass is reduced by 

approximately 30 to 65% in patients with type 2 

diabetes compared with non-diabetic subjects [5-7]. 

Although the extent of the reduction in beta cell 

mass differs between patients with type 2 diabetes 

and those with type 1 diabetes in whom beta cell 

mass is reduced by approximately 90 to 98% [8,9], 

these results strongly suggest that beta cell deficit is 

a core pathogenetic feature of not only type 1 but 

also type 2 diabetes. The deficit in beta cell mass in 

type 2 diabetes remains to be established because 

of the inevitable limitations of histological studies 

of the human pancreas; however, collectively, 

“functional beta cell mass” must be reduced in 

patients with type 2 diabetes. 

In patients with type 2 diabetes, there is a deficit in 

functional beta cell mass, and more importantly, it 

progressively deteriorates with time [10-12]. This 

decline in functional beta cell mass in patients with 

type 2 diabetes is associated with deterioration of 

glycemic control [13] and probably glycemic 

variability [14]. Thus, preservation or recovery of 

functional beta cell mass is an important 

therapeutic strategy for the treatment of type 2 

diabetes as well as type 1diabetes. 

A proposed concept of a treatment strategy for type 

2 diabetes in relation to functional beta cell mass is 

shown in Figure 1. Currently, the most effective 

way to preserve or restore beta cell function is to 

reduce beta cell workload [11,15]. Since metformin 
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reduces insulin demand and beta cell workload 

through lowering hepatic glucose production, the 

use of metformin in addition to lifestyle 

modification should be considered in as an early 

stage of diabetes as possible, if not contraindicated. 

Since incretin therapy is expected to improve beta 

cell function in addition to its glucose-lowering 

effect [16], it also can be considered in a broad 

range of disease stage. In contrast, the use of 

insulin secretagogues, sulphonylureas, may not be 

considered as initial therapy but rather for use at a 

lower dose aiming to support the insulinotropic 

effect of incretin therapy. Since to date neither drug 

can cure diabetes, combination therapy should be 

considered in most cases. 

 

Figure 1. Proposed concept of treatment strategy for type 2 diabetes in relation to functional beta cell mass. 

Medications not approved in Japan (as of September 2013) are not included in the figure. IGT; Impaired 

Glucose Tolerance, T2DM; type 2 diabetes. 
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Beta cell functional capacity may also be involved 

in the different phenotypes of type 2 diabetes 

among ethnics. There is a striking difference in 

mean BMI between Asian patients with type 2 

diabetes (approximately 23) compared with 

Caucasian patients with type 2 diabetes 

(approximately 30) [17,18]. Recent studies 

suggested that functional beta cell capacity is 

different among ethnicities, and less in Asians 

compared to Caucasians [19,20]. Thus, a treatment 

strategy to preserve or restore functional beta cell 

mass may be more important in Asians than in 

Caucasians. Further research is needed to clarify 

this issue. 

In conclusion, a deficit in functional beta cell mass 

is a core pathogenetic feature of not only type 1 but 

also type 2 diabetes. Establishment of a treatment 

strategy aiming at preservation or restoration of 

functional beta cell mass is an urgent issue for the 

treatment of type 2 diabetes. 

Acknowledgement 

The author has no conflict of interest. 

References 

1. Atkinson MA, Eisenbarth GS (2001) Type 

1 diabetes: new perspectives on disease 

pathogenesis and treatment. Lancet 358: 

221-229. 

2. Bergman RN, Ader M, Huecking K, Van 

Citters G (2002) Accurate assessment of 

beta-cell function: the hyperbolic 

correction. Diabetes 51: 212-220. 

3. Jensen CC, Cnop M, Hull RL, Fujimoto 

WY, Kahn SE (2002) Beta-cell function is 

a major contributor to oral glucose 

tolerance in high-risk relatives of four 

ethnic groups in the U.S. Diabetes 51: 

2170-2178. 

4. Defronzo RA, Eldor R, Abdul-Ghani M 

(2013) Pathophysiologic approach to 

therapy in patients with newly diagnosed 

type 2 diabetes. Diabetes Care 36: 127-

138. 

5. Butler AE, Janson J, Bonner-Weir S, 

Ritzel R, Rizza RA, et al. (2003) Beta-cell 

deficit and increased beta-cell apoptosis in 

humans with type 2 diabetes. Diabetes 52: 

102-110. 

6. Rahier J, Guiot Y, Goebbels RM, 

Sempoux C, Henquin JC (2008) 

Pancreatic beta-cell mass in European 

subjects with type 2 diabetes. Diabetes 

Obes Metab 10: 32-42. 

7. Sakuraba H, Mizukami H, Yagihashi N, 

Wada R, Hanyu C, et al. (2002) Reduced 

beta-cell mass and expression of oxidative 

stress-related DNA damage in the islet of 

Japanese Type II diabetic patients. 

Diabetologia 45: 85-96. 

8. Meier JJ, Bhushan A, Butler AE, Rizza 

RA, Butler PC (2005) Sustained beta cell 

apoptosis in patients with long-standing 

type 1 diabetes: indirect evidence for islet 

regeneration? Diabetologia 48: 2221-

2228. 

9. Butler AE, Galasso R, Meier JJ, Basu R, 

Rizza RA, et al. (2007) Modestly 

increased beta cell apoptosis but no 

increased beta cell replication in recent-

onset type 1 diabetic patients who died of 

diabetic ketoacidosis. Diabetologia 50: 

2323-2331. 

10. UK. (1995) Prospective Diabetes Study 

Group. UK. prospective diabetes study 16. 

Overview of 6 years' therapy of type II 

http://dx.doi.org/10.14437/DRTOA-1-e101
http://www.ncbi.nlm.nih.gov/pubmed/11476858
http://www.ncbi.nlm.nih.gov/pubmed/11476858
http://www.ncbi.nlm.nih.gov/pubmed/11476858
http://www.ncbi.nlm.nih.gov/pubmed/11476858
http://www.ncbi.nlm.nih.gov/pubmed/11815482
http://www.ncbi.nlm.nih.gov/pubmed/11815482
http://www.ncbi.nlm.nih.gov/pubmed/11815482
http://www.ncbi.nlm.nih.gov/pubmed/11815482
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/12086947
http://www.ncbi.nlm.nih.gov/pubmed/23882037
http://www.ncbi.nlm.nih.gov/pubmed/23882037
http://www.ncbi.nlm.nih.gov/pubmed/23882037
http://www.ncbi.nlm.nih.gov/pubmed/23882037
http://www.ncbi.nlm.nih.gov/pubmed/23882037
http://www.ncbi.nlm.nih.gov/pubmed/12502499
http://www.ncbi.nlm.nih.gov/pubmed/12502499
http://www.ncbi.nlm.nih.gov/pubmed/12502499
http://www.ncbi.nlm.nih.gov/pubmed/12502499
http://www.ncbi.nlm.nih.gov/pubmed/12502499
http://www.ncbi.nlm.nih.gov/pubmed/18834431
http://www.ncbi.nlm.nih.gov/pubmed/18834431
http://www.ncbi.nlm.nih.gov/pubmed/18834431
http://www.ncbi.nlm.nih.gov/pubmed/18834431
http://www.ncbi.nlm.nih.gov/pubmed/18834431
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/11845227
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/16205882
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/17805509
http://www.ncbi.nlm.nih.gov/pubmed/7589820
http://www.ncbi.nlm.nih.gov/pubmed/7589820
http://www.ncbi.nlm.nih.gov/pubmed/7589820


 
http://dx.doi.org/10.14437/DRTOA-1-e101   Page 4 of 4 

 
 

Citation: Yoshifumi Saisho  (2014), Beta Cell Deficit in Diabetes: Implication for Treatment of Type 2 Diabetes. 
Diabetes Res Treat Open Access 1:e101 

diabetes: a progressive disease. Diabetes 

44: 1249-1258. 

11. Kahn SE, Haffner SM, Heise MA, 

Herman WH, Holman RR, et al. (2006) 

Glycemic durability of rosiglitazone, 

metformin, or glyburide monotherapy. N 

Engl J Med 355: 2427-2443. 

12. Saisho Y, Tanaka K, Abe T, Shimada A, 

Kawai T, et al. (2012) Effect of obesity on 

declining beta cell function after diagnosis 

of type 2 diabetes: a possible link 

suggested by cross-sectional analysis. 

Endocr J 59: 187-195. 

13. Saisho Y, Kou K, Tanaka K, Abe T, 

Shimada A, et al. (2013) Association 

between beta cell function and future 

glycemic control in patients with type 2 

diabetes. Endocr J 60: 517-523. 

14. Saisho Y, Tanaka K, Abe T, Shimada A, 

Kawai T, et al. (2011) Glycated albumin 

to glycated hemoglobin ratio reflects 

postprandial glucose excursion and relates 

to beta cell function in both type 1 and 

type 2 diabetes. Diabetol Int 2: 146-153. 

15. Knowler WC, Barrett-Connor E, Fowler 

SE, Hamman RF, Lachin JM, et al. (2002) 

Reduction in the incidence of type 2 

diabetes with lifestyle intervention or 

metformin. N Engl J Med 346: 393-403. 

16. Drucker DJ, Nauck MA (2006) The 

incretin system: glucagon-like peptide-1 

receptor agonists and dipeptidyl peptidase-

4 inhibitors in type 2 diabetes. Lancet 368: 

1696-1705. 

17. Sone H, Ito H, Ohashi Y, Akanuma Y, 

Yamada N (2003) Obesity and type 2 

diabetes in Japanese patients. Lancet 361: 

85. 

18. Chan JC, Malik V, Jia W, Kadowaki T, 

Yajnik CS, et al. (2009) Diabetes in Asia: 

epidemiology, risk factors, and 

pathophysiology. JAMA 301: 2129-2140. 

19. Kodama K, Tojjar D, Yamada S, Toda K, 

Patel CJ, et al. (2013) Ethnic differences 

in the relationship between insulin 

sensitivity and insulin response: a 

systematic review and meta-analysis. 

Diabetes Care 36: 1789-1796. 

20. Kou K, Saisho Y, Satoh S, Yamada T, 

Itoh H (2013) Change in beta-cell mass in 

Japanese nondiabetic obese individuals. J 

Clin Endocrinol Metab 98: 3724-3730. 

 

 

http://dx.doi.org/10.14437/DRTOA-1-e101
http://www.ncbi.nlm.nih.gov/pubmed/17145742
http://www.ncbi.nlm.nih.gov/pubmed/17145742
http://www.ncbi.nlm.nih.gov/pubmed/17145742
http://www.ncbi.nlm.nih.gov/pubmed/17145742
http://www.ncbi.nlm.nih.gov/pubmed/17145742
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/22156325
http://www.ncbi.nlm.nih.gov/pubmed/23268927
http://www.ncbi.nlm.nih.gov/pubmed/23268927
http://www.ncbi.nlm.nih.gov/pubmed/23268927
http://www.ncbi.nlm.nih.gov/pubmed/23268927
http://www.ncbi.nlm.nih.gov/pubmed/23268927
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://link.springer.com/article/10.1007%2Fs13340-011-0035-x%23page-2
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/17098089
http://www.ncbi.nlm.nih.gov/pubmed/17098089
http://www.ncbi.nlm.nih.gov/pubmed/17098089
http://www.ncbi.nlm.nih.gov/pubmed/17098089
http://www.ncbi.nlm.nih.gov/pubmed/17098089
http://www.ncbi.nlm.nih.gov/pubmed/12517507
http://www.ncbi.nlm.nih.gov/pubmed/12517507
http://www.ncbi.nlm.nih.gov/pubmed/12517507
http://www.ncbi.nlm.nih.gov/pubmed/12517507
http://www.ncbi.nlm.nih.gov/pubmed/19470990
http://www.ncbi.nlm.nih.gov/pubmed/19470990
http://www.ncbi.nlm.nih.gov/pubmed/19470990
http://www.ncbi.nlm.nih.gov/pubmed/19470990
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23704681
http://www.ncbi.nlm.nih.gov/pubmed/23766518
http://www.ncbi.nlm.nih.gov/pubmed/23766518
http://www.ncbi.nlm.nih.gov/pubmed/23766518
http://www.ncbi.nlm.nih.gov/pubmed/23766518

	Beta Cell Deficit in Diabetes: Implication for Treatment of Type 2 Diabetes
	Keywords
	Corresponding author
	Acknowledgement
	References

