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�� People with diabetes have a greater risk of developing dementia and cognitive dysfunction. There is 
some evidence that people with diabetes experience an accelerated rate of cognitive decline.

�� There is some evidence that cognitive dysfunction impedes diabetes self-care capacity and increases the 
risk of severe hypoglycemia.

�� Diabetes-related cognitive dysfunction should be considered another complication of diabetes. 
Cognitive screening and cognitive surveillance should be part of routine care for older people with 
diabetes, just like the eye examination.

�� There is some evidence regarding the effect of known dysglycemia interventions on diabetes-related 
cognitive dysfunction, although there is no unified way to assess this construct in trials of dysglycemia 
interventions.

�� The ACCORD-MIND study and the ADVANCE study failed to show a role for glucose control in slowing the 
rate of cognitive decline in people with diabetes; however, sample size assumptions were not met in the 
ACCORD-MIND study so it is impossible to draw any definite conclusions.

�� A substudy of ACCORD-MIND showed that people who were treated with an intensive glucose-lowering 
regimen experienced less of a decline in total brain volume than people who were treated with a 
standard glucose control regimen.

�� There are some experimental data to support the role of the GLP‑1 agonists in preservation of cognitive 
function.

�� There are experimental and human data to support a cognitive protective role for insulin. The results of 
the ORIGIN cognitive substudy will shed some light on the effect of insulin on cognitive decline in people 
with diabetes.

�� Physical activity and combined cognitive–physical activity hold promise in alleviating cognitive decline.

�� Future trials of interventions in people with diabetes should include a cognitive assessment.
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Summary	 Diabetes may be viewed as a disease of accelerated cognitive aging. It is 
a risk factor for incident dementia, cognitive decline and cognitive dysfunction. Thus, 
‘diabetes-related cognitive dysfunction’ may be viewed as another long-term complication 
of diabetes. This paper will briefly review the evidence supporting this, will elaborate on the 
implications for patient care and, finally, will describe what is known regarding the effect of 
existing diabetes interventions on this complication.

The population of people over the age of 60 years 
will represent 25% of the world’s population 
by 2050 [1]. Thus, one of the major challenges 
that health systems are facing today is how to 
enhance successful/healthy aging. US data show 
that, among those fully independent at 60 years 
of age, less than 25% will reach 80 years without 
some form of disability [2]. One of the impor-
tant determinants of successful/healthy aging 
is preserving cognitive function and prevention 
of cognitive decline. Studies have shown that 
cognitive function generally declines with age 
[3,4]; however, variability exists with respect to 
the degree and speed of decline. Evidence from 
the last decade has demonstrated that people 
with diabetes are more likely to experience an 
accelerated rate of cognitive decline and dysfunc-
tion, and are more likely to progress to dementia 
[5–10]. This review will provide a short summary 
of the evidence that ‘diabetes-related cognitive 
dysfunction’ is indeed another complication of 
diabetes. It will then elaborate in detail on the 
possible implications for everyday care of older 
patients with diabetes, and will finally describe 
what is known regarding the effect of diabetes 
interventions on this complication.

Diabetes-related cognitive dysfunction: 
evidence supporting a relationship 
between diabetes, cognitive dysfunction 
& dementia
Type 2 diabetes is a disease that is characterized 
by hyperglycemia and is associated with a high 
risk of chronic diseases. It is a well-established 
risk factor for eye, kidney and neurological dis-
eases, as well as for cardiovascular morbidity and 
mortality [11]. In the last decade, many prospec-
tive studies and several reviews have demon-
strated that Type 2 diabetes is also a risk factor 
for cognitive dysfunction and dementia; with 
a 1.4–1.8‑fold greater risk for minimal cogni-
tive impairment (MCI), 1.5–2‑fold greater risk 
for Alzheimer’s disease (AD) and a 2–2.5‑fold 
greater risk for vascular dementia [5,9,10,12–17]. The 
cognitive domains that have been reported to 
be more affected by this disease are psychomo-
tor efficiency, learning, memory and executive 

function [6,18,19]. Some studies have also shown 
that it is a risk factor for an accelerated rate of 
cognitive decline [5,8,20–23], while others have 
found that although Type 2 diabetes patients 
have poorer scores, overall they exhibit a similar 
rate of cognitive decline to age-matched patients 
without diabetes [24].

Prospective studies with very long follow-
up periods strengthen these observations. The 
Adult Health Study followed a cohort of atomic 
bomb survivors from Hiroshima and Nagasaki, 
and after approximately 35 years of follow-up, 
approximately 1800 participants were screened 
for dementia. Compared with nondiabetic indi-
viduals, diabetes increased the risk for vascular 
dementia and Alzheimer’s dementia 1.3- and 
4.4‑fold, respectively [25]. The Israel Ischemic 
Heart Disease study demonstrated that people 
with diabetes in midlife had a 2.83‑fold greater 
risk for the development of dementia three 
decades later versus those without diabetes [26].

Implications for patient care
Diabetes is a disease that requires complex self-
care behaviors and functional self-care capac-
ity requires intact cognition. Several guidelines 
on the treatment of diabetes in the elderly have 
been published in the last year. All of these 
guidelines promote screening for cognitive dys-
function –  the rationale being that cognitive 
dysfunction may impede self-care capacity [27,28]. 

One of the important aspects of diabetes self-
care behavior is the treatment of hypoglycemic 
episodes in an adequate manner. This requires 
the individual to identify the symptoms of 
hypoglycemia, to measures blood glucose lev-
els and react accordingly, thus preventing these 
nonsevere episodes from progressing to hypo-
glycemic events that require the aid of another. 
There is evidence that individuals with diabetes 
and cognitive dysfunction have a higher risk of 
developing severe hypoglycemia. 

In the ADVANCE study, people with dia-
betes with severe cognitive impairment (Mini 
Mental State Examination [MMSE] ≤23) had 
a statistically significant greater risk for the 
development of severe hypoglycemia [29]. In the 



Diabetes as a disease of accelerated cognitive aging  Review

future science group www.futuremedicine.com 65

ACCORD-MIND study, people who scored 
in the lower Digit Symbol Substitution (DSS) 
tertile had a 50% greater risk of developing 
severe hypoglycemia [30]. These data suggest 
that there is value to screening and perhaps 
also surveillance of cognitive function, and 
these should be part of the routine care of 
older people with diabetes, just as the yearly 
eye examination is.

In our institute, we recently founded the Cen-
ter for Successful Aging with Diabetes, where 
people over the age of 60 years with diabetes 
undergo cognitive, physical and functional peri-
odic assessment, creating a baseline measure for 
each individual (thus enabling the detection of 
an acceleration in decline during follow-up), 
enabling referral for further treatment, evalu-
ation when needed and tailoring of diabetes 
treatment regimens.

Treatment options for diabetes-related 
cognitive dysfunction
One of the major obstacles in finding treatment 
options for diabetes-related cognitive dysfunc-
tion is defining which outcomes we should be 
measuring when testing the effects of different 
interventions on the construct of ‘cognitive dys-
function’. One possibility could be to use demen-
tia as a major outcome, but the drawback of this 
is that the incidence of dementia is quite low in 
the younger age group, while it might be too late 
in the process to discern the effect of an inter-
vention in the older age group. Thus, utilizing 
dementia as an outcome in trials would require 
either very long follow-up periods or large sam-
ple sizes. A second possibility could be to test 
the effect of an intervention on cognitive decline 
or, alternatively, on cognitive maintenance. A 
third possibility could be to use surrogates of 
cognitive function such as imaging, including 
total brain volumes, hippocampus volumes or 
developing functional MRI techniques. Finally, 
as cognitive function is cardinal for diabetes self-
care behaviors, functional measures relating to 
diabetes self-care capacity could be used.

To date, there is no consensus regarding the 
tools/instruments that should be used. There is, 
however, no doubt that this whole field would 
benefit substantially from research aimed at elu-
cidating the optimal instruments and unifica-
tion of different tools used so that meaningful 
comparisons may be made. 

In the following paragraphs I will pres-
ent what is known regarding the effect of 

several known glucose-lowering interventions 
on diabetes-related cognitive dysfunction.

�� Effect of glucose control interventions on 
diabetes-related cognitive dysfunction
Glucose control
The first dysglycemia intervention that comes 
to mind for Types 2 diabetes is glucose control; 
this was tested in the ACCORD-MIND and 
ADVANCE trials.

The ACCORD-MIND trial tested the effect 
of very intensive glucose control (HbA1c of 
6.4%) versus standard control (HbA1c of 7.5%) 
on cardiovascular outcomes. The cognitive sub-
study assessed the effect of these interventions on 
the rate of cognitive decline as measured by four 
cognitive instruments (MMSE, DSS, Stroop 
test and Rey Auditory Verbal Learning Test). It 
also included a substudy in which participants 
underwent structural MRI measurements. 
Unfortunately, the study was terminated early 
and, thus, sample size assumptions were not met. 
Therefore, there is a high chance that b-type 
errors existed (i.e., that no difference between 
the groups was detected despite the existence of 
such a difference). An analysis including the 20‑ 
and 40‑month data failed to show an effect of 
treatment on changes in the cognitive test scores. 
However, in the subgroup that underwent brain 
MRI, a significant difference was noted in the 
change in total brain MRI volumes, with the 
intensively treated group experiencing less of 
a reduction than the conventional group. The 
ADVANCE trial also assessed the effect of an 
intensive glucose control regimen (HbA1c of 
6.5%) utilizing gliclazide versus standard care 
(HbA1c of 7.3%) on cardiovascular outcomes. 
The MMSE was administered to participants 
and incident dementia was assessed. During a 
medium follow-up of 5 years, there was no dif-
ference between the groups in the rate of cogni-
tive decline, as assessed by the MMSE, or in 
incident dementia rates [31]. 

GLP agonists
Data on the potential role of GLP agonists come 
mainly from experimental evidence. GLP‑1 
receptors are found in many brain areas related 
to memory and learning, and not connected 
to metabolic control (e.g., the dentate gyrus). 
They are also found on glial cells. Experimen-
tal studies in GLP‑1 receptor knockout mice 
demonstrated that these animals exhibited an 
impairment in contextual memory and this was 
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reversible after GLP‑1 receptor DNA transfer. 
This is also supported by studies showing that 
rats with overexpression of the GLP‑1 receptor 
in the hippocampus show an improvement in 
learning and memory [32–34].

There is also experimental evidence linking 
the use of GLP analogs with improved cognitive 
function. Thus, in cell culture, GLP‑1 analogs 
stimulate neurite outgrowth in a similar manner 
to NGF. In rats, intracerebroventricular admin-
istration of GLP‑1 analogs enhanced learning 
and memory. There are also data showing that 
GLP‑1 analogs cross the blood–brain barrier. 
In normal rats, exantide‑4 improved hippo-
campus-based cognitive performance. Finally, 
in dysmetabolic animals and in animal models 
of AD, there is evidence that the GLP analogs 
may possess cognitive improvement properties. 
Thus, in experimental models of AD, GLP‑1 
cleavage products, liraglutide and exenatide have 
been shown to cause an improvement in learning 
and memory tasks. Lower memory and learning 
scores have been observed in mice with high-
fat-diet-induced obesity and insulin resistance 
compared with controls; however, this effect was 
abolished by treatment with liraglutide [35–39].

To the best of my knowledge, there are cur-
rently no published studies linking the use of 
GLP analogs with improved cognitive function 
in humans. There are currently two randomized 
controlled trials (RCTs) underway looking at the 
effect of liraglutide and exenatide in people with 
AD/MCI [40]. The question of whether this class 
of drugs may have an effect on diabetes-related 
cognitive dysfunction remains unanswered.

Insulin
Insulin receptors (IRs) are widely distributed in 
the brain, and the blood–brain barrier also con-
tains many IRs. These have a role in transport 
(transport of amino acids and hormones) and 
functionality [11]. Higher concentrations of IRs 
are found in the olfactory bulb, hypothalamus, 
cerebral cortex, cerebellum and hippocampus 
[41]. IR levels are higher in neurons than glial 
cells. IR levels decrease with age. In a rat hip-
pocampus cell culture, IR signaling promoted 
cell survival under stress conditions (oxygen and 
glucose deprivation). IR signaling has also been 
shown to be involved in synaptic maintenance 
and dendrite formation [42,43]. 

Transportation of insulin into the brain occurs 
via a saturable system. In contrast to peripheral 
tissues in the CNS, insulin’s main role is not in 

glucose acquisition, but in modification of feed-
ing and cognitive behaviors. Thus, in animal 
models, administration of insulin into the cere-
brospinal fluid resulted in improved memory. 
After memory formation, gene expression of IRs 
was upregulated [11,43–47].

Unlike for the GLP‑1 analogs, we do have 
human data for insulin. There have been several 
small-scale, short-duration studies looking at the 
effect of a form of insulin that selectively enters 
the brain, intranasal insulin. These studies were 
summarized in a recent systematic review [48]. 
All studies were of a very short duration (up 
to 8 weeks) and showed some effect of a very 
high dose of insulin in people without cogni-
tive dysfunction and in people with cognitive 
dysfunction on some of the cognitive domains 
[48]. Craft and colleagues recently published the 
results of a 4‑month RCT of 104 participants 
with MCI/early AD. The patients were ran-
domized to placebo, or 20 or 40 U of intranasal 
insulin. After a 4‑month intervention period, 
subjects receiving intranasal insulin reported 
an improvement in delayed memory (p < 0.05) 
and in preservation of caregiver-rated functional 
ability (p < 0.01) [49]. 

Thus, there is ample evidence that insulin 
may have a cognitive protective role; however, 
whether this is true in people with diabetes is 
unknown. The ORIGIN study was a 12,500‑per-
son, multicenter, international, randomized trial 
that studied the effects of insulin glargine-medi-
ated normoglycemia versus standard care, and 
n-3 polyunsaturated fatty acid versus placebo 
on the risk of cardiovascular events in people 
with diabetes and prediabetes, with a median 
follow-up of 6.2 years. The MMSE and DSS 
were administered to participants at four time 
points throughout the study. In addition, data 
regarding incident dementia were collected. The 
results of this study will hopefully be published 
in the next several months.

�� Effect of lifestyle interventions on 
diabetes-related cognitive dysfunction
Physical activity is one of the only interven-
tions that has been shown to delay age-related 
cognitive decline in individuals over the age of 
50 years. In a Cochrane review, physical activ-
ity among individuals over the age of 50 years 
(with and without diabetes) was found to slow 
the rate of cognitive decline in certain domains: 
cognitive speed, visual auditory attention and 
motor function [50]. It is possible that the 
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combination of physical and cognitive training 
holds even greater promise. Indeed, in a recent 
multicenter cluster RCT of 3‑month duration, 
individuals over the age of 70 years were ran-
domized to cyber cycling (virtual reality tours 
and competitions) versus traditional exercise. 
After a short follow-up period, people who were 
randomized to the cyber cycling arm had sig-
nificant gains in executive function. They also 
had a 23% reduction in predementia (MCI). 
The gains that were achieved by people with 
diabetes were greater [51].

Conclusion
Diabetes may be viewed as a disease of acceler-
ated cognitive aging; it is a risk factor for pro-
gression of cognitive impairment and future 
dementia. Thus, diabetes-related cognitive 
dysfunction should be considered another 
complication of diabetes. Cognitive dysfunc-
tion should be screened for, especially in the 
elderly, as it may affect the self-care capacity 
of the individual and increase his/her risk of 
hypoglycemia. More studies aimed at finding 
the optimal way to screen and measure progres-
sion of cognitive dysfunction in people with dia-
betes are needed as this may be a first step in 
aiding people with diabetes to age successfully 
and to elucidate new treatment options. There is 
some data to support the role of GLP‑1 analogs 
in the prevention of cognitive decline. There 
are more data regarding the potential role of 
insulin in alleviating cognitive decline in peo-
ple with diabetes. The results of the ORIGIN 

cognitive substudy will shed some light on this 
question. Finally, ongoing intervention studies 
in people with diabetes should include measures 
of cognitive function.

Future perspective
Diabetes-related cognitive dysfunction is another 
complication of diabetes; with the rising number 
of older people with diabetes there is urgency 
to better understand this complication and to 
elucidate treatment options. Cognitive screening 
and surveillance should be part of the routine 
care of older people with diabetes. In our center, 
we have recently initiated the Center for Suc-
cessful Aging with Diabetes, where older people 
with diabetes undergo periodic surveillance of 
cognitive, physical and functional capacities. 
It is cardinal that more research be focused on 
the optimal way to measure cognitive decline 
and cognitive dysfunction –  this would be a 
first step in elucidating new treatment options. 
Future intervention trials in people with diabetes 
should include a cognitive assessment.
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