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Type 2 diabetes and dementia are two of 
the most significant conditions, from a 
public health standpoint, that are increas­
ing in prevalence globally in epidemic pro­
portions, particularly in the elderly. The 
rise in the number of people with diabe­
tes is due to an increase in the number of 
overweight individuals and the incidence 
of obesity, the main risk factors for dia­
betes, which are caused by an increase in 
caloric intake and a decrease in physical 
activity accompanying modern lifestyles. 
The rise in prevalence of dementia is due to 
increasing longevity in societies that have 
increasing proportions of elderly persons 
relative to young adults and children. This 
increasing longevity is accompanied by a 
higher burden of chronic diseases, such as 
diabetes and heart disease, which in turn 
may be risk factors for dementia. 

Many epidemiologic studies have dem­
onstrated that diabetes and its related condi­
tions are related to both vascular and neuro­
degenerative forms of cognitive impairment 
[1,2], including amnestic and nonamnestic 
mild cognitive impairment (MCI) [3] and 
Alzheimer’s [4] and vascular dementia [5]. 

However, the relationship between diabetes 
and vascular forms of cognitive impairment 
is stronger and more consistent than the 
relationship with neurodegenerative forms. 
The relationship between diabetes and vas­
cular forms of cognitive impairment is not 
surprising, given that diabetes is a strong 
cerebrovascular risk factor. It is increas­
ingly proposed that the presence of cerebro­
vascular disease decreases the threshold of 
amyloid pathology necessary to manifest 
Alzheimer’s dementia. Thus, an impor­
tant question that remains to be answered 
is whether diabetes affects Alzheimer’s 
dementia through cerebrovascular dis­
ease or by directly increasing Alzheimer’s 
pathology. Several lines of evidence have 
attempted to address this question. Insulin 
resistance in individuals with normal cog­
nition and prediabetes and early diabe­
tes without treatment is associated with 
reductions in cerebral glucose metabolic 
rate measured using FDG‑PET in frontal, 
temporoparietal and cingulate regions, sim­
ilar to those observed when predicting the 
development of clinical Alzheimer’s demen­
tia [6]. Insulin and glucose elevations and 
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cerebrovascular disease have differential effects 
on the hippocampus that manifest as global hip­
pocampal dysfunction, one of the hallmarks of 
Alzheimer’s dementia [7]. 

Few studies have explored the association of 
diabetes and brain pathology. The Religious 
Orders Study reported that diabetes was related 
to infarcts on autopsy but not Alzheimer’s 
pathology in individuals with dementia [8], this 
was interpreted as suggesting that the main 
mechanism linking diabetes to dementia is the 
presence of infarcts. The Honolulu–Asia Aging 
Study, reported that diabetes was related to 
Alzheimer’s pathology, particularly in persons 
with the APOE‑ε4 allele [9]. The Adult Changes 
in Thought study reported that dementia patients 
without diabetes had a greater amyloid‑b peptide 
load in the cerebral cortex, while those with both 
diabetes and dementia experienced more micro­
vascular infarcts [10]. A Japanese study that used 
information on metabolic markers measured one 
decade before death demonstrated associations 
between one type of dementia pathology, neu­
ritic plaques and diabetes, as well as with insu­
lin resistance [11]. In summary, pathology studies 
are conflicting in demonstrating a relationship 
between diabetes and Alzheimer’s pathology. 
Furthermore, several caveats must be taken 
into account in autopsy studies. Sample sizes 
tend to be relatively small and selected from a 
much larger pool of participants. This lends itself 
to selection bias and the possibility of chance 
findings. Second, autopsy studies cannot dis­
cern cause and effect. Lastly, there is a growing 
notion that dementias are more heterogeneous 
than originally thought. This heterogeneity may 
explain conflicting findings across studies. 

The association between diabetes and LOAD 
has not been determined to be causal. The 
ideal way to demonstrate that the association 
between diabetes and dementia is at least par­
tially causal and to gain further insight into 
underlying mechanisms is through conducting 
clinical trials. Several clinical trials have or are 
currently exploring this question. There are now 
two studies investigating lifestyle interventions 
that include measures of cognitive impairment. 
These are the Finnish Diabetes Prevention Study 
(FDPS) and the Diabetes Prevention Program 
(DPP) Outcomes Study (DPPOS). The FDPS 
was a trial comparing lifestyle intervention ver­
sus no intervention in 522 overweight or obese 
middle-aged individuals with glucose intoler­
ance [12]. The risk of diabetes was decreased by 

approximately 58% in the intervention group 
after approximately 3  years’ follow-up. The 
DPP was a trial comparing lifestyle interven­
tions versus metformin versus placebo in over 
3000 participants with glucose intolerance. The 
lifestyle intervention, which consisted of a pro­
gram to achieve weight loss and increase physi­
cal activity, was the most effective, with a 58% 
reduction in the incidence of diabetes compared 
with placebo after 3 years, a reduction similar 
to that achieved in the FDPS. After 3 years, 
the DPP became an observational study called 
the DPPOS; however, participants remained 
in their randomized groups and those in the 
placebo group undertook a lifestyle interven­
tion. The DPPOS reported that benefits in the 
prevention of diabetes continued after 10 years 
of follow-up [13]. The FDPS and DPPOS may 
report results of their cognitive assessments in 
2012; if the intervention arms of the FDPS and 
the DPPOS show decreased cognitive impair­
ment compared with the control arm, it would 
provide solid support to the notion that the rela­
tionship of diabetes with cognitive impairment 
is causal. If no association is found, multiple 
explanations should be considered, including 
the timing of the intervention in relation to the 
measurement of cognitive impairment. In this 
scenario of negative findings in both studies, 
consideration should be given to the possibil­
ity that the association between diabetes and 
cognitive impairment is not causal. 

A pilot 6-month trial of rosiglitazone, an 
insulin sensitizer used in diabetes treatment, in 
30 subjects with mild Alzheimer’s dementia or 
MCI showed that persons in the treatment arm 
experienced better outcomes [14]. A subsequent 
Phase II randomized placebo-controlled trial 
of rosiglitazone lasting 24 weeks in 511 persons 
with mild-to-moderate Alzheimer’s dementia 
found no effect on their cognitive outcomes in 
the primary analysis [15]; however, there was a 
significant interaction between APOE-ε4 and 
cognition and persons on rosiglitazone with­
out any APOE-ε4 allele showed an improve­
ment in cognition. However, a Phase III trial 
of rosiglitazone (NCT00428090) in mild-to-
moderate Alzheimer’s dementia patients failed 
to show a significant benefit [16]. This result does 
not support the hypothesis that diabetes and 
Alzheimer’s dementia are related. However, it 
is important to consider that in persons with 
established dementia it may be too late to see 
a response. In addition, rosiglitazone may have 
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adverse cardiovascular effects that could eclipse 
other beneficial effects. It is possible that the 
use of thiazolidinediones at earlier stages, such 
as in persons with MCI, could reduce the risk 
of dementia. The RECALL (NCT00242593) 
study is examining the effects of rosiglitazone 
on cognition in individuals with MCI. In 
addition, the POEM trial (NCT00736996) is 
exploring the effects of pioglitazone compared 
with exercise or placebo in persons with MCI. 

Metformin is a medication belonging to the 
biguanide class of drugs that has been shown 
to be effective in the prevention of diabetes in 
the DPPOS. The effect of metformin on cogni­
tion will be assessed in the metformin arm of 
the DPPOS. Additionally, there is an ongoing 
Phase  II trial of metformin (NCT00620191) 
testing whether metformin can decrease cogni­
tive decline and dementia in individuals with 
MCI. The results of this trial will be reported in 
2012. A study in cellular models demonstrated 
that metformin increases the production of 
amyloid-b through upregulation of b-secretase 
[17], thus raising the concern that metformin 
could increase the risk of Alzheimer’s disease. 
However, the relevance of these findings to 
humans is not clear and the study needs to be 
replicated in other models.

The causal relationship of diabetes with cog­
nitive impairment could also be demonstarted 
by examining the effect of diabetes control on 
cognitive impairment. Recently, the ACCORD-
MIND trial (NCT00182910) reported that the 
tight glycemic control arm (aiming at HbA1c 
<6%) was not related to better cognitive out­
comes, although the intensive control arm was 

related to a slower loss of brain volume [18]. 
However, data from the IDEATel study, a ran­
domized trial of telemedicine versus usual care 
in 2169 elderly persons with diabetes, demon­
strated that those in the intervention group had 
reduced global cognitive decline during a maxi­
mum of 6 years’ follow-up [19]. The intervention 
group showed better diabetes control param­
eters compared with usual care. Importantly, 
the glycemic control goals of IDEATel followed 
glycemic guidelines (HbA1c <7%) that were less 
stringent than the goals in the ACCORD trial, 
which showed increased mortality in its tight 
glycemic control arm. 

In summary, despite strong evidence from 
epidemiologic studies that Type 2 diabetes and 
dementia are related, a causal link has not been 
definitively established. However, the results of 
clinical trials for interventions for Type 2 diabe­
tes and its prevention should be reported in the 
near future. These studies will provide impor­
tant evidence alluding to whether there is a 
substantial link between diabetes and dementia. 

Financial & competing interests disclosure
JA Luchsinger’s work in this review was supported by grants 
from the National Institute on Aging (AG026413, 
AG07232), NIMHD (P60 MD000206), ISOA/ADDF 
(270901) and the American Diabetes Association (7-08-
CR-41). The author has no other relevant affiliations or 
financial involvement with any organization or entity with 
a financial interest in or financial conflict with the subject 
matter or materials discussed in the manuscript apart from 
those disclosed.

No writing assistance was utilized in the production of 
this manuscript. 

References
1	 Biessels GJ, Deary IJ, Ryan CM. Cognition 

and diabetes: a lifespan perspective. Lancet 
Neurol. 7(2), 184–190 (2008).

2	 Biessels GJ, Staekenborg S, Brunner E, 
Brayne C, Scheltens P. Risk of dementia in 
diabetes mellitus: a systematic review. Lancet 
Neurol. 5(1), 64–74 (2006).

3	 Luchsinger JA, Reitz C, Patel B, Tang M-X, 
Manly JJ, Mayeux R. Relation of diabetes to 
mild cognitive impairment. Arch. Neurol. 
64(4), 570–575 (2007).

4	 Cheng D, Noble J, Tang MX, Schupf N, 
Mayeux R, Luchsinger JA. Type 2 diabetes 
and late-onset Alzheimer’s disease. Dement. 
Geriatr. Cogn. Disord. 31(6), 424–430 
(2011).

5	 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. 
154(7), 635–641 (2001).

6	 Baker LD, Cross DJ, Minoshima S, Belongia 
DA, Watson GS, Craft S. Insulin resistance is 
associated with Alzheimer-like reductions in 
regional cerebral glucose metabolism for 
cognitively normal adults with pre-diabetes or 
early Type 2 diabetes. Arch. Neurol. 68(1), 
51–57 (2011).

7	 Wu W, Brickman AM, Luchsinger J et al. 
The brain in the age of old: the hippocampal 
formation is targeted differentially by diseases 
of late life. Ann Neurol. 64(6), 698–706 
(2008).

8	 Arvanitakis Z, Schneider JA, Wilson RS 
et al. Diabetes is related to cerebral 
infarction but not to AD pathology in older 
persons. Neurology 12, 67(11), 1960–1965 
(2006).

9	 Peila R, Rodriguez BL, Launer LJ. Type 2 
diabetes, APOE gene, and the risk for 
dementia and related pathologies: the 
Honolulu–Asia aging study. Diabetes 51(4), 
1256–1262 (2002).

10	 Sonnen JA, Larson EB, Brickell K et al. 
Different patterns of cerebral injury in 
dementia with or without diabetes. Arch. 
Neurol. 66(3), 315–322 (2009).

11	 Matsuzaki T, Sasaki K, Tanizaki Y et al. 
Insulin resistance is associated with the 
pathology of Alzheimer’s disease: the 



Diabetes Manage. (2012) 2(3) future science group180

Editorial  Luchsinger

Hisayama Study. Neurology 75(9), 764–770 
(2010).

12	 Tuomilehto J, Lindstrom J, Eriksson JG et al. 
Prevention of Type 2 diabetes mellitus by 
changes in lifestyle among subjects with 
impaired glucose tolerance. N. Engl. J. Med. 
344(18), 1343–1350 (2001).

13	 Knowler WC, Fowler SE, Hamman RF et al. 
10‑year follow-up of diabetes incidence and 
weight loss in the Diabetes Prevention 
Program Outcomes Study. Lancet 374(9702), 
1677–1686 (2009).

14	 Watson GS, Cholerton BA, Reger MA et al. 
Preserved cognition in patients with early 
Alzheimer disease and amnestic mild 

cognitive impairment during treatment with 
rosiglitazone: a preliminary study. Am. J. 
Geriatr. Psychiatry 13(11), 950–958 (2005).

15	 Risner ME, Saunders AM, Altman JF et al. 
Efficacy of rosiglitazone in a genetically 
defined population with mild-to-moderate 
Alzheimer’s disease. Pharmacogenomics J. 6(4), 
246–254 (2006).

16	 Rabiner EA, Tzimopoulou S, Cunningham 
VJ et al. Effects of 12 months of treatment 
with the PPARg agonist rosiglitazone on brain 
glucose metabolism in Alzheimer’s Disease: a 
18F-FDG PET study. Alzheimer’s Dement. 
5(4), 207 (2009).

17	 Chen Y, Zhou K, Wang R et al. Antidiabetic 
drug metformin (Glucophage®) increases 
biogenesis of Alzheimer’s amyloid peptides via 
up-regulating BACE1 transcription. Proc. Natl 
Acad. Sci. USA 106(10), 3907–3912 (2009).

18	 Launer LJ, Miller ME, Williamson JD et al. 
Effects of intensive glucose lowering on brain 
structure and function in people with type 2 
diabetes (ACCORD MIND): a randomised 
open-label substudy. Lancet Neurol. 10(11), 
969–977 (2011).

19	 Luchsinger JA, Palmas W, Teresi JA et al. 
Improved diabetes control in the elderly 
delays global cognitive decline. J.  Nutr. 
Health Aging 15(6), 445–449 (2011).


