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 Abstract
The number of subjects with dementia has been increasing all over the world which has become one of the 

serious social issues. Mainly, there are two types of dementia; one type is Alzheimer’s disease and another type is 
vascular dementia. Such dementia is often complicated in elderly subjects with diabetes and thereby it is thought 
that dementia is one of diabetic complications. There are many possible explanation about the mechanism by which 
dementia is easily induced in subjects with diabetes. Chronic hyperglycemia and repeated hypoglycemia are closely 
associated with the onset and/or development of dementia. In addition, the fluctuation of blood glucose level per se 
is also associated with dementia. In this review article, we would like to describe the current status of dementia and 
association between dementia and diabetes.
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Dementia is One of Diabetic Complications: 
Hyperglycemia is Closely Associated with the Onset 
and/or Progression of Dementia 

The number of elderly subjects has been markedly increasing all over 
the world. Consequently, the number of subjects with dementia has also 
been increasing which has become one of the serious social issues. It is well 
known that the presence of diabetes mellitus leads to various complications 
such as microangiopathy (nephropathy, retinopathy, neuropathy) and 
macroangiopathy (ischemic heart disease, stroke). Dementia is often 
complicated in elderly subjects with diabetes and thereby thought to be 
one of diabetic complications. Indeed, it was reported that the incidence 
of Alzheimer’s disease and vascular dementia was significantly higher in 
subjects with diabetes compared to non-diabetic subjects [1-7]. Therefore, 
in order to obtain the quality of life in subjects with diabetes, it would be 
very important to understand the molecular mechanism for dementia and 
to explore the way to prevent the development of dementia. 

There are many possibilities in the reason why dementia is often 
observed in subjects with diabetes. For example, it has been suggested 
that in the diabetic state chronic hyperglycemia leads to the formation 
and accumulation of advanced glycation end products in the brain 
which could lead to the development of dementia [8] (Figure 1). In 

addition, while it is known that hyperglycemia and subsequent oxidative 
stress reduce insulin signaling in various insulin target tissues [9,10], 
insulin receptors are highly expressed in the brain as well [11]. It was 
reported that such reduction of insulin signaling in the brain induced 
hyper-phosphorylation of Tau protein and accumulation of beta 
amyloid protein both of which are well known as main characteristics in 
Alzheimer’s disease [8,12-14] (Figure 1). In subjects with diabetes, there 
are several macro- and micro-angiopathy. Diabetic macroangiopathy 
(e.g. atherosclerosis) leads to the onset of cerebrovascular disease such 
as stroke which is closely associated with the development of vascular 
dementia. In addition, diabetic microangiopathy brings out brain 
ischemia which is also closely associated with the onset and progression 
of vascular dementia (Figure 1). 

Repeated Hypoglycemia is Closely Associated with the 
Onset and/or Development of Dementia in Subjects 
with Diabetes Mellitus

It has been thought that repeated and/or severe hypoglycemia is 
closely associated with brain damage especially in the cerebral cortex 
and hippocampus [15]. It is obvious that the maintenance of cognitive 
function for a longer period would provide good quality of life in each 
subject with diabetes. Recently, large and prospective cohort study 
in subjects with type 2 diabetes clearly showed that the incidence of 
dementia was significantly higher in elderly subjects who experienced 
hypoglycemia [16]. Hypoglycemia was significantly associated with 
increased risk for dementia even after adjustment with various 
parameters such as hemoglobin A1c (HbA1c) level. There was also a 
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Figure 1: Association between diabetes and dementia.
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significant linear association between an increased risk of dementia 
and an increased number of hypoglycemia. It is known that recurrent 
hypoglycemia causes brain damage especially in the cerebral cortex 
and hippocampus [15]. Indeed, it was shown that hypoglycemia 
provided a substantial damage on the hippocampus in some animal 
study [17]. In addition, once dementia is brought out, it becomes very 
difficult to maintain good glycemic control and avoid the appearance of 
hypoglycemia. There is a kind of vicious cycle between the frequency 
of hypoglycemia and the development of dementia including both 
Alzheimer’s disease and vascular dementia (Figure 2).

Some anti-diabetic drugs such as insulin or sulfonylureas easily 
bring out hypoglycemia in subjects with diabetes. Therefore, it would 
be better to use other types of anti-diabetic drugs such as dipeptidyl 
peptidase IV (DPP-IV) inhibitors in order to avoid hypoglycemia 
especially in elderly subjects with type 2 diabetes. DPP-IV inhibitors 
inactivate DPP-IV which is a splitting enzyme of incretin and increases 
serum levels of glucagon-like peptide 1 (GLP-1) and glucose-dependent 
insulinotropic peptide (GIP). Since both incretins stimulate insulin 
secretion in a glucose-dependent manner, hypoglycemia is seldom 
observed in subjects using DPP-IV inhibitor alone. Needless to say, 
combination therapy with DPP-IV inhibitor and other anti-diabetic 
drugs such as insulin and sulfonylureas could bring out hypoglycemia. 
In addition, although insulin has the risk of hypoglycemia, insulin 
therapy should be introduced in subjects with very low insulin secretory 
capacity.

Taken together, hypoglycemia is closely associated with the onset 
and/or progression of dementia in subjects with type 2 diabetes. We 
should avoid hypoglycemia especially in elderly subjects with type 2 
diabetes in order to avoid the development of dementia. In addition, 
we should avoid hypoglycemia in subjects with various diabetic 
complications such as proliferative diabetic retinopathy and/or 
ischemic heart disease, because the appearance of hypoglycemia could 
aggravate such diseases.

Glycemic Fluctuation is Closely Associated with the 
Onset and/or Development of Dementia in Subjects 
with Diabetes Mellitus

The fluctuation of blood glucose levels and repeated hypoglycemia 
likely leads to the onset and/or progression of dementia [18,19]. It was 
reported that the risk of Alzheimer’s disease and vascular dementia was 
significantly associated with postprandial glucose levels but not fasting 
glucose levels [7]. These data support the hypothesis that the fluctuation 
of blood glucose levels is likely associated with the development of 
various types of dementia. Although self-monitoring of blood glucose 
levels and continuous glucose monitoring are useful to visualize the 
fluctuation of blood glucose levels, it is practically difficult to do such 
examination for all subjects in everyday clinical medicine. It has been 

reported that glycoalbumin (GA)/hemoglobin A1c (HbA1c) ratio is a 
good marker for the fluctuation of blood glucose levels regardless of 
glycemic control situations [20] 

It was reported recently that GA/HbA1c ratio as well as age were 
significantly associated with Hasegawa dementia scale-revised (HDS-R) 
score in elderly subjects with type 2 diabetes [21]. Furthermore, in 
multivariate regression analyses, age, GA/HbA1c ratio and urinary 
albumin excretion were independent factors contributing to HDS-R 
score [21]. Although it was easily expected and quite reasonable that age 
was the strongest factor contributing to the HDS-R score, multivariate 
analyses showed that GA/HbA1c ratio was also an independent factor 
contributing to the HDS-R. It was known that GA/HbA1c ratio was 
associated with cognitive impairment in elderly subjects with type 2 
diabetes, but it has been thought that increased hypoglycemia leads to 
the onset and/or progression of various types of dementia. However, 
the fluctuation of blood glucose levels, but not the incidence of 
hypoglycemia, was significantly associated with the decrease of cognitive 
impairment in this study [21]. These data suggest that the fluctuation 
of blood glucose level per se is likely associated with dementia even 
when hypoglycemia is not accompanied, although we still think that 
hypoglycemia has some bad influence for dementia. Taken together, in 
order to avoid the onset and/or development of dementia, we should be 
careful for reducing the fluctuation of blood glucose levels in addition 
to avoiding hypoglycemia. In addition, once dementia is developed, it 
becomes very difficult to reduce glycemic fluctuation. There is a kind 
of vicious cycle between the glycemic fluctuation and the development 
of dementia including both Alzheimer’s disease and vascular dementia 
(Figure 2).

Some anti-diabetic drugs such DPP-IV inhibitors are expected to 
reduce the fluctuation of blood glucose levels. Since incretins stimulate 
insulin secretion in a glucose-dependent manner, fluctuation of blood 
glucose levels is thought to be reduced. Indeed, it was reported that DPP-
IV inhibitors reduced glycemic fluctuation compared to sulfonylureas 
in subjects with type 2 diabetes [22].

Taken together, glycemic fluctuation is closely associated with the 
onset/of progression of dementia in elderly subjects with type 2 diabetes. 
We should avoid glycemic fluctuation especially in elderly subjects with 
type 2 diabetes in order to avoid the development of dementia. Since it 
is very easy to calculate GA/HbA1c ratio, a maker of the fluctuation of 
blood glucose levels, we should check this ratio so that we can reduce 
the fluctuation of blood glucose levels especially in elder subjects with 
type 2 diabetes.

Conclusion
Dementia is often complicated in elderly subjects with diabetes 

mellitus and thereby thought to be one of diabetic complications. Not 
only chronic hyperglycemia and repeated hypoglycemia but also the 
fluctuation of blood glucose levels is associated with the onset and/or 
progression of dementia in elderly subjects with diabetes mellitus.

References

1. Umegaki H, Hayashi T, Nomura H, Yanagawa M, Nonogaki Z, et al. (2013) 
Cognitive dysfunction: An emerging concept of a new diabetic complication in 
the elderly. Geriatr Gerontol Int 13: 28-34.

2. Biessels GJ, Strachan MW, Visseren FL, Kappelle LJ, Whitmer RA (2014) 
Dementia and cognitive decline in type 2 diabetes and prediabetic stages: 
Towards targeted interventions. Lancet Diabetes Endocrinol 2: 246-255. 

3. Bordier L, Doucet J, Boudet J, Bauduceau B (2014) Update on cognitive decline 
and dementia in elderly patients with diabetes. Diabetes Metab 40: 331-337.

Glycemic fluctuation

Hypoglycemia

Alzheimer’s disease

Vascular dementia

Vicious cycle

Diabetes Dementia

Figure 2: Vicious cycle between diabetes and dementia.

http://dx.doi.org/10.1111/j.1447-0594.2012.00922.x
http://dx.doi.org/10.1111/j.1447-0594.2012.00922.x
http://dx.doi.org/10.1111/j.1447-0594.2012.00922.x
http://dx.doi.org/10.1016/S2213-8587(13)70088-3
http://dx.doi.org/10.1016/S2213-8587(13)70088-3
http://dx.doi.org/10.1016/S2213-8587(13)70088-3
http://dx.doi.org/10.1016/j.diabet.2014.02.002
http://dx.doi.org/10.1016/j.diabet.2014.02.002


Citation: Kaneto H, Kinoshita T, Shimoda M, Kaku K (2017) The Presence of Dementia as one of Diabetic Complications: Hyperglycemia, Hypoglycemia 
and Glycemic Fluctuation are Associated with the Development of Dementia. J Alzheimers Dis Parkinsonism 7: 305. doi: 10.4172/2161-
0460.1000305

Page 3 of 3

Volume 7   Issue 1 • 1000305
J Alzheimers Dis Parkinsonism, an open access journal
ISSN:2161-0460

4. Cukierman T, Gerstein HC, Williamson JD (2005) Cognitive decline and
dementia in diabetes -systematic overview of prospective observational
studies. Diabetologia 48: 2460-2469. 

5. Koekkoek PS, Kappelle LJ, van den Berg E, Rutten GE, Biessels GJ (2015) 
Cognitive function in patients with diabetes mellitus: Guidance for daily care. 
Lancet Neurol 14: 329-340.

6. Ryan CM, Geckle MO, Orchard TJ (2003) Cognitive efficiency declines over
time in adults with Type 1 diabetes: Effects of micro- and macro-vascular
complications. Diabetologia 46: 940-948. 

7. Ohara T, Doi Y, Ninomiya T, Hirakawa Y, Hata J, et al. (2011) Glucose tolerance
status and risk of dementia in the community: The Hisayama study. Neurology
77: 1126-1134.

8. Wang M, Norman JE, Srinivasan VJ, Rutledge JC (2016) Metabolic, 
inflammatory and microvascular determinants of white matter disease and 
cognitive decline. Am J Neurodegener Dis 5: 171-177.

9. Kaneto H, Matsuoka TA, Nakatani Y, Kawamori D, Miyatsuka T, et al. (2005) 
Oxidative stress, ER stress and the JNK pathway in type 2 diabetes. J Mol Med
(Berl) 83: 429-439.

10. Kaneto H, Katakami N, Matsuhisa M, Matsuoka TA (2010) Role of reactive 
oxygen species in the progression of type 2 diabetes and atherosclerosis. 
Mediators Inflamm 2010: 453892.

11. Woods SC, Seeley RJ, Baskin DG, Schwartz MW (2003) Insulin and the blood-
brain barrier. Curr Pharm Des 9: 795-800.

12. Jolivalt CG, Lee CA, Beiswenger KK, Smith JL, Orlov M, et al. (2008) Defective
insulin signaling pathway and increased glycogen synthase kinase-3 activity in
the brain of diabetic mice: Parallels with Alzheimer’s disease and correction by
insulin. J Neurosci Res 86: 3265-3274. 

13. Ramos-Rodriguez JJ, Jimenez-Palomares M, Murillo-Carretero MI, Infante-
Garcia C, Berro-coso E, et al. (2015) Central vascular disease and exacerbated

pathology in a mixed model of type 2 diabetes and Alzheimer’s disease. 
Psychoneuroendocrinology 62: 69-79. 

14. Ramos-Rodriguez JJ, Spires-Jones T, Pooler AM, Lechuga-Sancho AM, 
Bacskai BJ, et al. (2016) Progressive neuronal pathology and synaptic loss 
induced by prediabetes and type 2 diabetes in a mouse model of Alzheimer’s 
disease. Mol Neurobiol [Epub ahead of print]. 

15. Bree AJ, Puente EC, Daphna-Iken D, Fisher SJ (2009) Diabetes increases
brain damage caused by severe hypoglycemia. Am J Physiol Endocrinol Metab
297: E194-201.

16. Chin SO, Rhee SY, Chon S, Baik SH, Park Y, et al. (2016) Hypoglycemia is
associated with dementia in elderly patients with type 2 diabetes mellitus: An
analysis based on the Korea National Diabetes Program Cohort. Diabetes Res
Clin Pract 122: 54-61.

17. Suh SW, Hamby AM, Swanson RA (2007) Hypoglycemia, brain energetics and
hypoglycemic neuronal death. Glia 55: 1280-1286.

18. Mattishent K, Loke YK (2016) Bi-directional interaction between hypoglycaemia 
and cognitive impairment in elderly patients treated with glucose lowering agents: 
Systematic review and meta-analysis. Diabetes Obes Metab 18: 135-141. 

19. Rizzo MR, Marfella R, Barbieri M, Boccardi V, Vestini F, et al. (2010) Relationships
between daily acute glucose fluctuations and cognitive performance among
aged type 2 diabetic patients. Diabetes Care 33: 2169-2174. 

20. Ogawa A, Hayashi A, Kishihara E, Yoshino S, Takeuchi A, et al. (2012) New
indices for predicting glycaemic variability. PLoS ONE 7: e46517.

21. Kinoshita T, Shimoda M, Sanada J, Fushimi Y, Hirata Y, et al. (2016) Association
of GA/HbA1c ratio and cognitive impairment in subjects with type 2 diabetes
mellitus. J Diabetes Complications 30: 1452-1455. 

22. Takahara M, Shiraiwa T, Kaneto H, Katakami N, Matsuoka TA, et al. (2012) 
Efficacy of sitagliptin on blood glucose fluctuation in Japanese type 2 diabetic
patients with basal-supported oral therapy. Endocr J 59: 1131-1136.

http://dx.doi.org/10.1016/S1474-4422%2814%2970249-2
http://dx.doi.org/10.1016/S1474-4422%2814%2970249-2
http://dx.doi.org/10.1016/S1474-4422%2814%2970249-2
http://dx.doi.org/10.1007/s00125-003-1128-2
http://dx.doi.org/10.1007/s00125-003-1128-2
http://dx.doi.org/10.1007/s00125-003-1128-2
http://dx.doi.org/10.1212/WNL.0b013e31822f0435
http://dx.doi.org/10.1212/WNL.0b013e31822f0435
http://dx.doi.org/10.1212/WNL.0b013e31822f0435
http://dx.doi.org/10.1007/s00109-005-0640-x
http://dx.doi.org/10.1007/s00109-005-0640-x
http://dx.doi.org/10.1007/s00109-005-0640-x
http://dx.doi.org/10.1155/2010/453892
http://dx.doi.org/10.1155/2010/453892
http://dx.doi.org/10.1155/2010/453892
http://dx.doi.org/10.2174/1381612033455323
http://dx.doi.org/10.2174/1381612033455323
http://dx.doi.org/10.1002/jnr.21787
http://dx.doi.org/10.1002/jnr.21787
http://dx.doi.org/10.1002/jnr.21787
http://dx.doi.org/10.1002/jnr.21787
http://dx.doi.org/10.1016/j.psyneuen.2015.07.606
http://dx.doi.org/10.1016/j.psyneuen.2015.07.606
http://dx.doi.org/10.1016/j.psyneuen.2015.07.606
http://dx.doi.org/10.1016/j.psyneuen.2015.07.606
http://dx.doi.org/10.1007/s12035-016-9921-3
http://dx.doi.org/10.1007/s12035-016-9921-3
http://dx.doi.org/10.1007/s12035-016-9921-3
http://dx.doi.org/10.1007/s12035-016-9921-3
http://dx.doi.org/10.1152/ajpendo.91041.2008
http://dx.doi.org/10.1152/ajpendo.91041.2008
http://dx.doi.org/10.1152/ajpendo.91041.2008
http://dx.doi.org/10.1016/j.diabres.2016.09.027
http://dx.doi.org/10.1016/j.diabres.2016.09.027
http://dx.doi.org/10.1016/j.diabres.2016.09.027
http://dx.doi.org/10.1016/j.diabres.2016.09.027
http://dx.doi.org/10.1002/glia.20440
http://dx.doi.org/10.1002/glia.20440
http://dx.doi.org/10.1111/dom.12587
http://dx.doi.org/10.1111/dom.12587
http://dx.doi.org/10.1111/dom.12587
http://dx.doi.org/10.2337/dc10-0389
http://dx.doi.org/10.2337/dc10-0389
http://dx.doi.org/10.2337/dc10-0389
http://dx.doi.org/10.1371/journal.pone.0046517
http://dx.doi.org/10.1371/journal.pone.0046517
http://dx.doi.org/10.1016/j.jdiacomp.2016.08.008
http://dx.doi.org/10.1016/j.jdiacomp.2016.08.008
http://dx.doi.org/10.1016/j.jdiacomp.2016.08.008
http://dx.doi.org/10.1507/endocrj.EJ12-0220
http://dx.doi.org/10.1507/endocrj.EJ12-0220
http://dx.doi.org/10.1507/endocrj.EJ12-0220

	Title
	Corresponding Author
	Abstract
	Keywords
	Dementia is One of Diabetic Complications: Hyperglycemia is Closely Associated with the Onset and/or
	Repeated Hypoglycemia is Closely Associated with the Onset and/or Development of Dementia in Subject
	Glycemic Fluctuation is Closely Associated with the Onset and/or Development of Dementia in Subjects
	Conclusion
	Figure 1
	Figure 2
	References

