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Abstract
With the aging of the population the prevalence of two common disorders is
expected to rise: diabetes and dementia. It has been shown that people with
diabetes are approximately 1.5 times more likely to experience cognitive decline and 1.6 more likely to develop frank dementia than people without diabetes. This appears to be due to a higher prevalence of both vascular dementia and Alzheimer’s disease. The aim of this review is to describe the
importance of this relationship, the evidence supporting it, possible explanations, and the implications of this relationship for physicians caring for people
with diabetes.
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Introduction
With the aging of the population the prevalence of two common
disorders is expected to rise: diabetes and dementia. It has been
shown that people with diabetes are approximately 1.5 times
more likely to experience cognitive decline and 1.6 more likely
to develop frank dementia than people without diabetes.1 This
appears to be due to a higher prevalence of both vascular dementia2-5 and Alzheimer’s disease.2-7
This overview will describe the growing importance of diabetes, dementia and cognitive dysfunction in an aging society. It
will describe the epidemiological data supporting the relationship between these entities and the existence of a disorder that
may be labeled “diabetes related cognitive dysfunction”. It will
then go on to describe proposed pathophysiological mechanisms
responsible for this relationship and elaborate on data supporting
the role of dysglycemia in the development of cognitive dysfunction. Finally, it will present the possible clinical implications of
this association to physicians treating older people with diabetes.
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The importance of the link
between cognitive dysfunction, dementia
and diabetes: prevalence data
The prevalence of dementia is anticipated to rise because of the increase in older members of the population. For example, the Canadian Study of Health and Aging reported that the prevalence of dementia was 8% for people over 65 and 34% for those aged 85 or
older.4 Similarly, a pooled analysis of 11 European studies reported an age-standardized dementia prevalence rate of 6.4%;
rising in those over 90 to 28.5%.8 In a recent study from the US
it was projected that the number of people with Alzheimer’s disease, the most common form of dementia, will triple from 4.5
million in 2000 to 13.2 million by 2050.9
Preceding the onset of dementia is a long period of cognitive
decline thus cognitive dysfunction represents an important phase
on the path (of cognitive decline) from normal cognitive function
to dementia. The prevalence of this state (pre dementia) is also
expected to rise with the aging of the population. For example,
the Cardiovascular Health Study (age over 65) reported a pre dementia (i.e. minimal cognitive impairment) prevalence of 19%
overall; and 29% in those over age 85.10
The prevalence of diabetes is also expected to rise with the aging of the population thus the global prevalence of established
diabetes was estimated to be 2.8% in 2000 and is projected to be
4.4% by 2030.11 Over the past 20 years several studies have indicated that diabetes particularly type 2 diabetes is associated with
an increased risk for cognitive dysfunction and dementia.1,3-6,12-23
The prevalence rates described, combined with the long duration of these disorders, the anticipated economic burden on society and the associated deficits in self care ability highlight the importance of a better understanding of these disorders and the
mechanisms that may entwine them.

Epidemiological evidence supporting
a relationship between diabetes cognitive
dysfunction and dementia
Type 2 diabetes is a metabolic disorder characterized by hyperglycemia that is caused by a relative lack of insulin i.e. insufficient
amount, activity (“insulin resistance”) or both and is associated
with a high risk of serious chronic diseases. It is well established
as an independent risk factor for eye, kidney and neurological
diseases as well as for cardiovascular morbidity and mortality.
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Figure 1. Risk for dementia diabetes vs no diabetes

Figure 2. Possible mediators in the diabetes cognitive dysfunction
relationship

A systematic review of prospective observational studies demonstrated that people with diabetes also have a greater risk for an
accelerated rate of cognitive decline and progression to dementia. In a follow-up duration of 2-18 years this review showed that
people with diabetes (n= 8,656) when compared to those without
diabetes: a) had a greater rate of decline in cognitive function; b)
a 1.5 fold greater risk of cognitive decline; and c) a 1.6 fold
greater risk for future dementia.24 Perhaps, as anticipated, given
the relationship between diabetes and cardiovascular disease,
people with diabetes had a 2.2-3.4 greater risk for the development of vascular dementia. However, interestingly people with
diabetes also had a 1.2-2.3 greater risk for the development of
Alzheimer’s dementia.
Prospective studies with longer follow-up periods strengthen
these observations. The Adult Health Study followed a cohort of
atomic bomb survivors from Hiroshima and Nagasaki. After 34
to 39 years of follow up, 1,774 participants were screened for dementia. Compared to non diabetic individuals, diabetes increased
the risk for vascular dementia and Alzheimer’s dementia 1.3 and
4.4 fold respectively.25 The Israel Ischemic Heart Disease (IIHD)
study showed that people with a diagnosis of diabetes in midlife
had a 2.83 greater risk for the development of dementia 3 decades later compared to individuals without diabetes.26
Taken together the results of these studies strengthen the conclusion that indeed cognitive dysfunction should be considered
as yet another chronic consequence of diabetes that may be
termed: “diabetes related cognitive dysfunction” (figure 1).

risk factors16,22 and depression16,20. Third, hypoglycemia may affect cognitive function. However, in contrast to the acute negative effect of hypoglycemia on cognition, there is little evidence
to support chronic cognitive impairment secondary to hypoglycemia. Indeed, intensive treatment regimens that were associated
with increased hypoglycemic episodes in individuals with type 1
diabetes did not affect cognition adversely.27,28 Finally, dysglycemia and chronic hyperglycemia may also contribute to cognitive
dysfunction (figure 2).

Possible explanations for the relationship
between diabetes and cognitive dysfunction
A number of possibilities may explain the relationship between
diabetes and cognitive dysfunction. First, diabetes is well established as a risk factor for cerebrovascular disease; it is also associated with hypertension and dyslipidemia. Thus, a relationship
between cognitive dysfunction and diabetes may be mediated
through cerebrovascular disease and this may be more pronounced in the older age group. Second, depression occurs more
frequently in people with diabetes and is difficult to differentiate
clinically from dementia and early cognitive decline. These two
may explain part of the relationship however in many of the studies the association persisted after adjusting for CV disease, CV
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Data supporting the relationship between
dysglycemia, chronic hyperglycemia
and cognitive dysfunction
Data supporting this explanation come mainly from cross sectional studies. In a cross-sectional analysis of 378 high-functioning individuals with diabetes, higher A1c levels (a measure of glucose control over 6 weeks often used in people with diabetes)
were consistently associated with lower scores on two cognitive
tests.29 Another cross sectional analysis of approximately 3,000
individuals with established type 2 diabetes (participating in the
MIND-ACCORD sub-study) demonstrated an age-adjusted inverse relationship between cognitive function and the degree of
chronic hyperglycemia as measured by the A1c level.30
Data from people without diabetes demonstrated a similar relationship. For example the ONTARGET/TRANSCEND cognitive baseline analysis showed that in ~20,000 individuals without
diabetes there was an association between higher levels of fasting plasma glucose (FPG) levels and cognitive function as assessed by the Mini-Mental State Examination (MMSE).31 ORIGIN cognitive baseline analysis demonstrated that after
adjustment for age, education, CVD and CV risk factors individuals with pre-diabetes (IFG/IGT) had significantly higher cognitive scores then those with overt diabetes, suggesting that an accelerated rate of cognitive decline occurs in the transition phase
from pre-diabetes to diabetes.32 All these analysis were cross sectional limiting the ability to make any temporal or causal inferences regarding this relationship.
There are several prospective studies that have compared different categorizes of dysglycemia: diabetes, pre-diabetes states
such as impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) with relation to the level of cognitive decline expe-
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rienced. These studies have shown that people with pre-diabetes
when compared with those who were normoglycemic were at increased risk of cognitive decline.20,33

Possible explanations for the dysglycemiacognitive dysfunction relationship
A number of possibilities may explain the association between
dysglycemia, hyperglycemia and cognitive dysfunction. As higher glucose levels are associated with a higher prevalence of CV
risk factors and cardiovascular disease, the relationship with cognitive dysfunction may be mediated through CV disease. However, in all the analysis described above the relationship was not
attenuated by adjusting for risk factors or CV disease.
It is also possible that chronic exposure of the brain to high
levels of glucose may accelerate cognitive decline. Indeed, post
mortem studies from the brains of people with Alzheimer’s disease demonstrate metabolic oxidation products associated with
hyperglycemia.34,35 A recent study in older individuals demonstrated an inverse relationship between glucose levels and function of the dentate gyrus, an area of the brain thought to be important in age related cognitive decline.36
Third, dysglycemia and higher A1C levels imply insufficient action or effect of insulin due to insufficient secretion, activity or
both. There are many insulin receptors in the brain. Some have a
role in glucose transport but many are thought to have a function
in cognitive processes.37 Several observations suggest that cognitive decline is a consequence of insufficient insulin action in the
brain. Thus: a) in individuals without diabetes, worse glucoregulation (as measured by a glucose tolerance test) was associated
with worse outcomes on cognitive assessment, especially in the
elderly;38 b) individuals with Alzheimer’s disease have less efficient glucoregulation than unaffected individuals;39 c) exposure
of individuals with Alzheimer’s disease to a hyperinsulinemic
euglycemic clamp improved cognitive function whereas exposure to an euinsulinemic hyperglycemic clamp had no effect.38-41
Finally, microvascular disease may also be responsible for the
deleterious effects of chronic hyperglycemia on cognitive function. Microvascular disease has been demonstrated to be worsened by chronic hyperglycemia.42,45 In people with diabetes it
causes pathology in the retina and in the peripheral nervous system. Thus, it may well be that microvascular disease occurs also
in the brain resulting in cognitive dysfunction.

The implications of “diabetes related
cognitive dysfunction” to the treating
physician
Diabetes and glucose control require complex self care process, indeed self-management support is established as an evidence-based
intervention for diabetes.44 From a patient perspective the challenges associated with having diabetes are dynamic and change
over time emphasizing the need to have skills to cope with emerging situations rather then sticking to a certain regimen. Indeed a
substantial amount of research supports the importance of effective
problem solving for successful adjustment and coping.45

Practical considerations
• Cognitive dysfunction should be considered as yet
another chronic consequence and disabling manifestation of diabetes. People with diabetes are approximately 1.5 times more likely to experience cognitive
decline and 1.6 more likely to develop frank dementia
than people without diabetes. This appears to be due
to a higher prevalence of both vascular dementia and
Alzheimer’s disease.
• Dysglycemia and chronic hyperglycemia may have a
role in the pathogenesis of this phenomenon.
• Cognitive assessment should be part of clinical and
research assessment of people with diabetes in order
to identify those individuals with “diabetes related
cognitive dysfunction” as cognitive impairment may
impede self-care capacity.

One of the important determinants of effective problem solving
capacity is intact cognitive function. However, as demonstrated
above, cognitive dysfunction is a complication of diabetes.
The first step in treating any disease or a condition is identifying it, diagnosing or measuring it. Thus, it is important that physicians who care for people with diabetes, especially in the older
age group be aware of this complication. Early recognition of
cognitive impairment in elderly people with diabetes has a twofold function. First, it may explain the incapacity to care for the
disease and control glucose levels and aid the treating physician
in tailoring an appropriate treatment regimen. Second, as diabetes is associated with an accelerated rate of cognitive decline,
identifying cognitive impairment may be a first step in delaying
its progression and possibly delaying the occurrence of dementia
in this high risk population.

Conclusions
Cognitive dysfunction should be considered as yet another
chronic consequence and disabling manifestation of diabetes.
Dysglycemia and chronic hyperglycemia may have a role in the
pathogenesis of this phenomenon. Cognitive assessment should
be part of clinical and research assessment of people with diabetes in order to identify those individuals with “diabetes related
cognitive dysfunction” as cognitive impairment may impede
self-care capacity. Future studies are needed in order to better
characterize those individuals with diabetes more prone to progression to dementia in order to better characterize the pathophysiological mechanisms responsible for this relationship.
These types of studies may broaden our knowledge and set the
stage for interventions aimed at prevention/delay of the onset of
dementia in people with diabetes. ■

Potential conﬂicts of interest
The autor has no potential conflicts of interest regarding the content of
the manuscript.

395

Av Diabetol. 2010;26:393-6

References
1. Cukierman T, Gerstein HC, Williamson JD. Cognitive decline and dementia in
diabetes –systematic overview of prospective observational studies. Diabetologia.
2005;48:2460-9.
2. Yoshitake T, Kiyohara Y, Kato I, Ohmura T, Iwamoto H, Nakayama K, et al. Incidence
and risk factors of vascular dementia and Alzheimer’s disease in a deﬁned elderly
Japanese population: the Hisayama Study. Neurology. 1995;45:1161-8.
3. Luchsinger JA, Tang MX, Stern Y, Shea S, Mayeux R. Diabetes mellitus and risk of
Alzheimer’s disease and dementia with stroke in a multiethnic cohort.
Am J Epidemiol. 2001;154:635-41.
4. MacKnight C, Rockwood K, Awalt E, McDowell I. Diabetes mellitus and the risk of
dementia, Alzheimer’s disease and vascular cognitive impairment in the Canadian
Study of Health and Aging. Dement Geriatr Cogn Disord. 2002;14:77-83.
5. Peila R, Rodríguez BL, Launer LJ; Honolulu-Asia AS. Type 2 diabetes, APOE gene,
and the risk for dementia and related pathologies: the Honolulu-Asia Aging Study.
Diabetes. 2002;51:1256-62.
6. Ott A, Stolk RP, Hofman A, Van Harskamp F, Grobbee DE, Breteler MM.
Association of diabetes mellitus and dementia: the Rotterdam Study. Diabetologia.
1996;39:1392-7.
7. Leibson CL, Rocca WA, Hanson VA, Cha R, Kokmen E, O’Brien PC, et al. Risk of
dementia among persons with diabetes mellitus: a population-based cohort study.
Am J Epidemiol. 1997;145:301-8.
8. Lobo A, Launer LJ, Fratiglioni L, Andersen K, di Carlo A, Breteler MM, et al.
Prevalence of dementia and major subtypes in Europe: a collaborative study of
population-based cohorts. Neurologic Diseases in the Elderly Research Group.
Neurology. 2000;54(11 Suppl 5):S4-9.
9. Hebert LE, Scherr PA, Bienias JL, Bennett DA, Evans DA. Alzheimer disease in the
US population: prevalence estimates using the 2000 census. Arch Neurol.
2003;60:1119-22.
10. Lopez OL, Jagust WJ, DeKosky ST, Becker JT, Fitzpatrick A, Dulberg C, et al.
Prevalence and classiﬁcation of mild cognitive impairment in the Cardiovascular
Health Study Cognition Study: part 1. Arch Neurol. 2003;60:1385-9.
11. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care.
2004;27:1047-53.
12. Allen KV, Frier BM, Strachan MW. The relationship between type 2 diabetes and
cognitive dysfunction: longitudinal studies and their methodological limitations.
[Review] [61 refs]. Eur J Pharmacol. 2004;490:169-75.
13. Strachan MW, Deary IJ, Ewing FM, Frier BM. Is type II diabetes associated with an
increased risk of cognitive dysfunction? A critical review of published studies.
[Review] [70 refs]. Diabetes Care. 1997;20:438-45.
14. Arvanitakis Z, Wilson RS, Bienias JL, Evans DA, Bennett DA. Diabetes mellitus and risk
of Alzheimer disease and decline in cognitive function. Arch Neurol. 2004;61:661-6.
15. Awad N, Gagnon M, Messier C. The relationship between impaired glucose
tolerance, type 2 diabetes, and cognitive function. [Review] [170 refs]. J Clin Exp
Neuropsychol. 2004;26:1044-80.
16. Gregg EW, Yaffe K, Cauley JA, Rolka DB, Blackwell TL, Narayan KM, Cummings
SR. Is diabetes associated with cognitive impairment and cognitive decline among
older women? Study of Osteoporotic Fractures Research Group. Arch Int Med.
2000;160:174-80.
17. Haan MN, Mungas DM, Gonzalez HM, Ortiz TA, Acharya A, Jagust WJ. Prevalence
of dementia in older latinos: the inﬂuence of type 2 diabetes mellitus, stroke and
genetic factors. J Am Geriatr Soc. 2003;51:169-7.
18. Haan MN, Shemanski L, Jagust WJ, Manolio TA, Kuller L. The role of APOE
epsilon4 in modulating effects of other risk factors for cognitive decline in elderly
persons. JAMA. 1999;282:40-6.
19. Hassing LB, Hofer SM, Nilsson SE, Berg S, Pedersen NL, McClearn G, et al.
Comorbid type 2 diabetes mellitus and hypertension exacerbates cognitive
decline: evidence from a longitudinal study. Age Ageing. 2004;33:355-61.
20. Kanaya AM, Barrett-Connor E, Gildengorin G, Yaffe K. Change in cognitive function
by glucose tolerance status in older adults: a 4-year prospective study of the
Rancho Bernardo study cohort. Arch Int Med. 2004;164:1327-33.
21. Knopman D, Boland LL, Mosley T, Howard G, Liao D, Szklo M, et al.; Atherosclerosis
Risk in Communities (ARIC) Study Investigators. Cardiovascular risk factors and
cognitive decline in middle-aged adults. Neurology. 2001;56:42-8.
22. Logroscino G, Kang JH, Grodstein F. Prospective study of type 2 diabetes and
cognitive decline in women aged 70-81 years. BMJ. 2004;328(7439):548.

396

23. Stewart R, Liolitsa D. Type 2 diabetes mellitus, cognitive impairment and dementia.
[Review] [145 refs]. Diabet Med. 1999;16:93-112.
24. Cukierman T, Hertzel HC, Williamson JD. Cognitive decline and dementia in
diabetes –a systematic review of prospective observational studies. Diabetologia.
2005;48:2460.
25. Yamada M, Kasagi F, Sasaki H, Masunari N, Mimori Y, Suzuki G. Association
between dementia and midlife risk factors: the Radiation Effects Research
Foundation Adult Health Study. J Am Geriatr Soc. 2003;51:410-4.
26. Schnaider BM, Goldbourt U, Silverman JM, Noy S, Schmeidler J, Ravona-Springer
R, et al. Diabetes mellitus in midlife and the risk of dementia three decades later.
Neurology. 2004;63:1902-7.
27. Reichard P, Pihl M. Mortality and treatment side-effects during long-term
intensiﬁed conventional insulin treatment in the Stockholm Diabetes Intervention
Study. Diabetes. 1994;43:313-7.
28. Musen G, Jacobson AM, Ryan CM, Cleary PA, Waberski BH, Weinger K, et al. The
impact of diabetes and its treatment on cognitive function among adolescents who
participated in the DCCT. Diabetes Care. 2008;31:1933-8.
29. Shorr RI, de Rekeneire N, Resnick HE, Yaffe K, Somes GW, Kanaya AM, et al.
Glycemia and cognitive function in older adults using glucose-lowering drugs.
J Nutr Health Aging. 2006;10:297-301.
30. Cukierman-Yaffe T, Gerstein HC, Williamson JD, Lazar RM, Lovato L, Miller ME,
et al.; for the ACCORD-MIND Substudy Investigators. The relationship between
baseline glycemic control and cognitive function in people with type 2 diabetes
and other cardiovascular risk factors: the ACCORD-MIND study. Diabetes Care.
2008;32:221-6.
31. Cukierman-Yaffe T, Gerstein HC, Anderson C, Zhao F, Sleight P, Hilbrich L, et al.
Glucose intolerance and diabetes as risk factors for cognitive impairment in people
at high cardiovascular risk: results from the ONTARGET/TRANSCEND Research
Programme. Diabetes Res Clin Pract. 2009;83:387-93.
32. Cukierman-Yaffe T, Bosch J, Haladyn K, Gerstein HC. The relationship between
dysglycemia category and cognitive function: the ORIGIN cognitive sub-study.
Diabetes. 2009;58 Suppl 1.
33. Yaffe K, Blackwell T, Kanaya AM, Davidowitz BA, Barrett-Connor E, Krueger K.
Diabetes impaired fasting glucose and development of cognitive impairment in
older women. Neurology. 2004;63:658-63.
34. Horie K, Miyata T, Yasuda T, Takeda A, Yasuda Y, Maeda K, et al.
Immunohistochemical localization of advanced glycation end products,
pentosidine, and carboxymethyllysine in lipofuscin pigments of Alzheimer’s disease
and aged neurons. Biochem Biophys Res Commun. 1997;236:327-32.
35. Vlassara H, Bucala R, Striker L. Pathogenic effects of advanced glycosylation:
biochemical, biologic, and clinical implications for diabetes and aging. [Review]
[132 refs]. Lab Invest. 1994;70:138-5.
36. Wu W, Brickman AM, Luchsinger J, Ferrazzano P, Pichiule P, Yoshita M, Brown T,
et al. The brain in the age of old: the hippocampal formation is targeted
differentially by diseases of late life. Ann Neurol. 2008;64:698-706.
37. Biessels GJ, Van der Heide LP, Kamal A, Bleys RL, Gispen WH. Ageing and diabetes:
implications for brain function. [Review] [171 refs]. Eur J Pharmacol. 2002;441:1-14.
38. Messier C. Glucose improvement of memory: a review. [Review] [232 refs].
Eur J Pharmacol. 2004;490:33-57.
38. Watson GS, Craft S. Modulation of memory by insulin and glucose: neurpsychological
observations in Alzeimer’s disease. Eur J Pharmacol. 2004;490:97-113.
40. Messier C, Gagnon M. Glucose regulation and brain aging. [Review] [68 refs].
J Nutr Health Aging. 2000;4:208-13.
41. Messier C, Tsiakas M, Gagnon M, Desrochers A, Awad N. Effect of age and
glucoregulation on cognitive performance. Neurobiol Aging. 2003;24:985-1003.
42. Kohner EM. Microvascular disease: what does the UKPDS tell us about diabetic
retinopathy? Diabet Med. 2008;25 Suppl 2:20-4.
43. Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet.
1998;352:837-53.
44. Norris SL, Nichols PJ, Caspersen CJ, Glasgow RE, Engelgau MM, Jack L, et al.
Increasing diabetes self-management education in community settings.
A systematic review. Am J Prev Med. 2002;22:39-66.
45. Glasgow RE, Fisher L, Skaff M, Mullan J, Toobert DJ. Problem solving and
diabetes self-management: investigation in a large, multiracial sample. Diabetes
Care. 2007;30:33-7.

