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Diabetes
A risk factor for cognitive impairment and dementia?

Hyperglycemia, caused by impaired insulin sensitivity
or secretion, is the hallmark of diabetes. In epidemi-
ologic studies, diabetes has been related to cognitive
impairment and both vascular and neurodegenerative
forms of dementia.1 As diabetes and dementia are
more common at older ages, it is possible that their
association is attributable to common causes. It is also
possible that type 2 diabetes affects cognitive function
only at older ages when the brain undergoes neuro-
degenerative changes associated with ageing.2 In this
issue ofNeurology®, data from the FraminghamHeart
Study show diabetes to be associated with subtle brain
injury and poor performance on tests of memory,
visual perception, and attention.3 Although fasting
glucose was not associated with performance on cog-
nitive tests, it was associated with gray matter atrophy
and reduced white matter integrity. These results are
striking because the mean age of participants was 40
years at the glycemic assessment and 47 years at cog-
nitive assessment and brain imaging. Recent studies
have also reported accelerated cognitive decline in
middle-aged adults with longer exposure to type 2
diabetes.4,5 These results, considered together, suggest
that the diabetes-cognition association is not confined
to old age.

Besides the age of participants, 3 features of the
current study are noteworthy. First, by including data
on cognitive tests along with brain imaging, the au-
thors were able to show effects of diabetes in a com-
prehensive multimodal manner. Second, associations
were evident for both memory and nonmemory do-
mains of cognition, even though the clinical impor-
tance of the small effect sizes found in the study
remain to be determined. Third, the authors were
able to show that statistical adjustment for hyperten-
sion did not fully attenuate associations. As vascular
complications of diabetes are worse in the presence
of hypertension, results from the current study pro-
vide further evidence of the importance of both
vascular and nonvascular pathways. The association
of memory was mediated through frontal,
occipital, and hippocampal atrophy, suggesting that

degenerative processes in the brain are involved in
the development of cognitive impairment in young
adults with diabetes.

The natural history of type 2 diabetes involves
impaired glucose regulation, which may predate clin-
ically manifest diabetes by several years. The mecha-
nisms underpinning its association with dementia
remain unclear. Diabetes is associated with metabolic
and hemodynamic defects that cause microvascular
and macrovascular damage, leading to reduced cere-
bral flow and impaired vascular reactivity. Peripheral
hyperinsulinemia may be highly relevant. It downre-
gulates blood–brain barrier insulin receptors leading
to reduced insulin transport to the brain followed by
decreased acetylcholine transmission and cerebral
blood flow.6 Hyperglycemia itself contributes to neu-
ronal apoptosis via increased generation of free radi-
cals, enhanced glycation end products, and elevated
lipid peroxidation.6 Other possible mechanisms are
hyperglycemia-related vascular lesions and micro-
structural tissue damage that can be noninvasively
detected by diffusion tensor imaging.7 Because a
recent study using ultra-high-field MRI did not find
increased burden of cerebral microvascular damage in
patients with type 2 diabetes, compared to controls,
there is additional support for the hypothesis that
type 2 diabetes induces nonvascular dysfunction.8

Thus, further research is needed to assess whether
the core mechanisms underlying the association
between diabetes and dementia are primarily neuro-
degenerative or cerebrovascular.

By demonstrating structural brain damage and
related cognitive impairment in young diabetic pa-
tients, the present results from the Framingham
Heart Study reinforce the importance of early preven-
tion. Therapeutic strategies that improve glycemic
control could mitigate the effects of diabetes on the
brain. However, results from intervention studies,
carried out mostly on older adults, have been disap-
pointing so far. The Action to Control Cardiovascular
Risk in Diabetes–Memory in Diabetes (ACCORD
MIND) intervention compared the effects of an
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intensive glycemic therapeutic strategy to standard
strategy and showed no benefit of intensive therapy
for cognitive function, although small positive effects
were seen on total brain volume.9 The trial was stop-
ped prematurely due to higher rate of hypoglycemic
events and death in the intensive treatment group.
The adverse effects of hypoglycemic events, particu-
larly in older adults, are poorly understood and may
have contributed to the null findings; these events can
lead to brain injury, offsetting the benefits of
reduced exposure to hyperglycemia. The use of sev-
eral drugs to reduce HbA1c to less than 6% in the
intensive treatment arm of the ACCORD trial also
raises the possibility of adverse drug interactions.
The ACCORD MIND results do not rule out the
possibility that intervention to lower glucose at younger
ages or early in the disease process may be beneficial.
Longitudinal studies suggest greater cognitive decline
in participants with poorly controlled diabetes.4,5 Early-
stage diabetes is amenable to control via improve-
ments in lifestyle, with some evidence that intensive
lifestyle modification programs may work better
than the administration of metformin, an antidia-
betic medication.10

Understanding the association between diabetes
and dementia is important because of the epidemic
of type 2 diabetes: the International Diabetes Federa-
tion (http://www.idf.org/diabetesatlas/update-2014)
estimates 387 million cases of diabetes globally; by
2035 this will rise to 592 million. Rapid urbanization,
changes in dietary habits, increasingly sedentary life-
styles, and the rising tide of obesity explain this epi-
demic. It is urgent to determine the feasibility and
benefit of various strategies to prevent or delay the
onset of type 2 diabetes. Strategies to promote cardi-
ometabolic health when implemented from early life
might help to delay the onset of dementia. The bene-
fits of routine testing for cognitive impairment in
patients diagnosed with type 2 diabetes also need to
be investigated. Another area of interest is the possible
neuroprotective effect of antidiabetic medication.
Despite these gaps in knowledge, we agree with the

authors of the present study that the brain is indeed an
important end organ of vascular disease.
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