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The extent to which diabetes is
responsible for cognitive dysfunction
in older people continues to be investigated. Research is also being conducted to better understand why people
with diabetes find self-management of
their illness a challenge and to develop
behavioral interventions to help older
people improve their diabetes selfmanagement. There is little research
combining these two issues, that is,
whether the level and type of cognitive
impairment associated with diabetes
affects people’s self-management. In
this article, we review the evidence for
deficits in cognitive functioning in
older people with diabetes (predominantly type 2) and consider the implications for diabetes self-management.
Case-control and epidemiological
studies comparing cognitive functioning of older people with and without
diabetes have yielded inconsistent
findings. However, one may draw the
broad conclusion that there is some

evidence of decline in more complex
aspects of cognitive function, such as
verbal memory, learning, and psychomotor efficiency. Cognitive functioning is probably also adversely
affected by age, illness duration,
glycemic control, and the presence of
other co-morbid conditions. People
with diabetes are at increased risk for
dementia. This research is limited by
lack of consensus on cognitive measures across studies and small sample
sizes limiting power to detect differences. We summarize the findings
from our study relating cognitive
functioning to self-management
behaviors for older people with type 2
diabetes, in which we found only a
few associations.
On the basis of the available evidence, we conclude that the cognitive
impairment associated with relatively
uncomplicated type 2 diabetes in
older adults is unlikely to adversely
affect self-management of the illness.

Since the early 1920s, it has been recognized that conditions characterized
by abnormalities in the supply of glucose to the brain, such as diabetes, are
likely to affect cognitive performance.1
To date, the precise mechanism by
which diabetes may cause cognitive
dysfunction is unclear.2 Also unclear
is the extent and type of cognitive
impairment associated with diabetes
as distinct from impairment associated with other conditions frequently
seen in older people with diabetes.3
Moreover, the implications of any
such cognitive deficits for diabetes
self-management activities are yet to
be established.
In this article, we evaluate the evidence on cognitive functioning in
older people with diabetes with
respect to five key issues: age, illness
duration, glycemic control, dementia,
and other co-morbidities. The majority of studies have included people

with type 2 diabetes, although some
have included people with type 1 diabetes. We also examine whether
deficits in cognitive functioning
adversely impact diabetes self-management activities for this age group.
The evidence includes contradictory findings about the cognitive impairment associated with diabetes in older
people, and therefore the implications
for self-management are not always
clear. In addition, there has been
remarkably little research that directly
addresses the possible impact of cognitive impairment on self-management. However, despite these limitations, we will draw some preliminary
conclusions.
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Are older people with diabetes more
likely to be cognitively impaired than
older people without diabetes?
Research on cognitive functioning in
older people with type 2 diabetes is
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dominated by case-control studies, in
which people with diabetes are compared to people without (and usually
matched on some potentially confounding variables) on a battery of
cognitive tests. One problem with the
majority of these studies is their relatively small sample size, which limits
their power to detect significant differences. A few epidemiological studies
involving much larger samples have
also been carried out.4–8 However,
these have often used only brief and
relatively crude measures of cognitive
functioning. Within each type of
study, the evidence generated has been
inconsistent.
There are two main reasons for
this lack of consensus. First, older
people with diabetes usually also
have other medical conditions that
impair cognitive functioning, such as
hypertension and cardiovascular disease. Therefore, identifying the independent contributions of diabetes
and of other conditions presents a
challenge for researchers.9,10 Second,
there is a lack of consensus over the
cognitive functions that ought to be
assessed, as well as the instruments
that should be used. As a result, no
two studies have used the identical
test battery.
Cognitive functions that have been
studied have included both simple and
more complex processes. Studies of
simple reaction time and visual and
auditory attention tasks typically suggest that these functions are not
affected by type 2 diabetes.11
However, performance of more complex cognitive tasks, such as those
assessing abstract reasoning, verbal
memory, and mental flexibility, has
often been shown to be impaired in
people with type 2 diabetes compared
to people without the illness.12–14
In contrast, some studies have
found very little10,15 or no16–18 cognitive impairment in either simple or
complex cognitive tasks in older people with type 2 diabetes. These latter
studies have been particularly wellcontrolled in terms of matching participants on several potentially confounding factors (such as pre-morbid
IQ and existence of other conditions
likely to impair cognitive function,
such as hypertension and depression).
The importance of control and matching to avoid the possibility of wrongly

attributing cognitive impairment to
type 2 diabetes rather than to other
co-morbid conditions has been recently stressed.10
We conclude that older people
with type 2 diabetes are more likely
to have some cognitive impairment
compared to people without the illness. However, such impairment is
probably limited to relatively complex cognitive processes (such as verbal memory and psychomotor efficiency) and may be attributable to
other conditions that often accompany diabetes and that are likely to
interfere with cognitive functioning.
The precise extent and severity of
cognitive impairment is unlikely to be
established until a consensus is
achieved on the cognitive functions
that should be routinely assessed and
on the precise battery of cognitive
tests that is likely to be sensitive
enough to detect these cognitive
changes.
Cross-cutting these methodological
problems are a number of factors that
may themselves influence the degree
of cognitive impairment associated
with diabetes. The effects of these
variables will be considered in turn
below.
Age
It is well established that impairments
in cognitive functioning are often seen
with advancing age but that such a
decline is not an all-or-nothing phenomenon. That is, age does not seem
to affect all areas of cognition and all
older adults in the same way.19,20 For
example, it is generally accepted that
over-learned, well practiced, familiar
cognitive skills (i.e. ones relying on
crystallized intelligence) are likely to
be spared, whereas activities requiring
reasoning and complex problem solving (i.e., fluid intelligence) may well be
affected by the aging process.21
Nevertheless, cognitive deficits have
been observed in cross-sectional studies of younger,22 middle-aged,14,15 and
older23 adults with diabetes.
Consequently, it could be concluded
that increasing age is not associated
with level or type of cognitive impairment in older people with diabetes.
However, closer examination of
specific cognitive functions indicates
that some cognitive abilities are affected by age to a greater extent than oth-

ers. For example, Ryan and Geckle’s
study15 of relatively young older
adults with diabetes (mean age 51
years) showed that some psychomotor
slowing was present but that learning,
memory, and problem solving were
unaffected. Psychomotor slowing was
assessed by a combination of cognitive tests that included the Digit
Vigilance24 test measuring sustained
attention, the Digit Symbol25 test measuring visual attention and learning,
and the Embedded Figures26 test measuring visuospatial analysis without a
motor response. The work of Cosway
et al.18 found no evidence of cognitive
impairment in a relatively youthful
group of people with diabetes (mean
age 57 years).
Older people (over 65 years of age)
with the illness, on the other hand, are
generally found to be impaired in
learning and verbal memory as well as
in psychomotor functioning.10,23,27
Ryan and Geckle28 proposed that
learning and memory impairments in
older adults with type 2 diabetes may
be the result of “a synergistic interaction between diabetes-related metabolic derangements and the structural
and functional changes occurring in
the central nervous system that are
part of the normal aging process” (p.
308). Therefore, we conclude that
with increasing age, people with diabetes are more likely to be prone to
diabetes-associated memory and
learning difficulties than to declines in
other areas of cognitive functioning.
They are also likely to have some
slowing of psychomotor functioning.
Illness Duration
It seems reasonable to expect that
increased illness duration is associated
with increased cognitive impairment
because of the brain’s increased exposure to metabolic abnormalities.
Research provides some support for
this view. Both cross-sectional and
prospective studies have reported a
positive association between diabetes
duration and extent of cognitive
decline, with longer illness duration
being related to greater cognitive dysfunction.5,8,18 In one recent prospective
study,29 it was suggested that diabetes
duration >15 years carries a 57–114%
greater risk of major cognitive decline
compared to people without diabetes.
Others30 have also found a relation117
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ship between long diabetes duration
(17 or more years) and cognitive
decline, but only for patients on
insulin. In contrast, the same study
reported no association between short
illness duration (~6 years) and cognitive functioning for patients on oral
hypoglycemic agents (OHAs).
On the basis of these studies, we
suggest that people with longer diabetes duration and more complicated
diabetes (as indicated by their treatment with insulin) may be at a greater
risk of cognitive impairment than are
people with diabetes of shorter duration.
Glycemic Control
Hyperglycemia is known to predispose for cognitive impairment.31
However, studies do not provide a
clear answer as to whether better
glycemic control may be related to
better cognitive functioning. Some
studies have found a positive relationship between glycemic control and
cognitive functioning.4,12,32,33 For
example, it has been reported that
both short-term (fasting plasma glucose) and long-term (hemoglobin A1c)
indices of glycemic control are predictive of cognitive functioning.13
Others,7,8,34 however, have failed to
find any evidence to support a relationship between cognitive performance and glycemic control.
The evidence from intervention
studies is suggestive of cognitive
functioning improvements with
improved glycemic control. In these
studies, the intervention is intended
to improve glycemic control, which
in turn should result in improved
cognitive functioning. Such interventions have usually relied on intensive
therapy rather than self-management
and have followed patients for 6
weeks to 6 months. The work of
Gradman et al.,35 for example,
demonstrated the beneficial effects of
this type of intervention, with
improvements in verbal memory and
learning associated with improvements in glycemic control. However,
attention (as measured by the Paced
Auditory Serial Addition Task36 and
Trail Making37 among other tests)
and perceptual motor function (as
assessed by reaction time and finger
tapping tests38) did not improve with
glycemic control.

In summary, although the health
benefits of good glycemic control are
undisputed, a strong link between
enhanced glycemic control and better
cognitive functioning is yet to be
established.
Dementia
Type 2 diabetes has been associated
with an increased risk of developing
dementia or Alzheimer’s disease.
Large prospective studies39–41 have
provided strong evidence that older
people with diabetes are at a significantly higher risk of developing all
types of dementia and Alzheimer’s
disease. Although the exact pathogenic mechanism is unclear, it has been
proposed41 that diabetes doubles the
risk of developing dementia and that
this is particularly true for people controlling the illness with insulin rather
than OHAs. From this evidence, we
conclude that type 2 diabetes increases the risk of developing serious cognitive impairment such as dementia or
Alzheimer’s disease.
Other Conditions
People with diabetes often also have
other medical conditions that may
affect cognition either in their own
right or in interaction with diabetes.
For example, it is well-established that
hypertension is associated with cognitive decline.42 In people with diabetes,
hypertension has been found to interact with the illness and result in
impairments in visual organization
and memory processes.5 Specifically,
the Framingham Study5 reported that
people with type 2 diabetes and
hypertension were at greater risk for
cognitive impairment than their normotensive counterparts. Peripheral
neuropathy in people with diabetes
has also been found to be related to
poor cognitive performance.12
Autonomic neuropathy is likely to be
associated with greater cognitive
decline in people with diabetes, but
the effect is limited to visual memory.43 In contrast, a relationship has
been found between cognitive impairment and distal symmetric polyneuropathy in people with type 1 diabetes,44 but this relationship has not
been replicated in younger people
with type 2 diabetes.22
These findings suggest that the
greater the number of co-morbid con-
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ditions likely to impair cognitive functioning and the higher the level of diabetes-related complications, the greater
the risk of cognitive impairment.
In conclusion, there is evidence for
cognitive decline in older adults with
diabetes. The areas most likely to be
affected by diabetes are those of verbal memory, learning, and psychomotor efficiency, although given the lack
of methodological consensus in the
field, replication of these findings in
large prospective studies is imperative.
Furthermore, older people, those who
have had diabetes longer, those with
poorer glycemic control, and those
who have other related conditions
may be at greater risk of impaired
cognitive functioning.
Does impaired cognitive functioning
affect diabetes self-management in
older people?
The above review suggests that there
may be modest cognitive deficits associated with diabetes among the elderly. Therefore, health care providers
for older people with diabetes should
be aware of the possibility that their
elderly patients are more likely to
have cognitive deficits compared to
elderly people without diabetes. All
older people are at risk for cognitive
deficits, but older people with diabetes are probably at increased risk.
Self-management is the term used
for patient-centered diabetes care in
which it is recognized that patients are
responsible for carrying out the dayto-day activities that form most of the
diabetes regimen.45–47 The treatment
of diabetes is predominantly behavioral. People with diabetes are expected to take medication (pills and/or
insulin), test their blood glucose, exercise, eat a healthy diet, inspect their
feet, carry diabetes identification, go
for health checks, stop smoking, and
on and on. All the verbs in the previous sentence indicate expected behaviors that people with diabetes must
initiate and maintain on a daily basis.
The recognition of the central role
of people with diabetes in their own
care is exemplified in the increasing
emphasis on patient empowerment in
diabetes care.48,49 In addition to providing medical care, health care professionals facilitate and support selfmanagement behaviors.
Discussions of diabetes self-man-
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agement note the special problems
that exist for children and adolescents
with diabetes but typically do not single out older adults as a group in need
of particular attention.47,50 Moreover,
although studies of cognitive impairment associated with diabetes often
include a comment on the implications for self-management behaviors,51
there has been surprisingly little
research on this issue. We have only
been able to locate one study other
than our own that specifically
addressed whether cognitive deficits
associated with diabetes in older people impair self-management.
Sinclair et al.52 assessed 396 people
with diabetes (5% had type 1 diabetes)
and 393 without diabetes who were
matched for sex and age. All participants were at least 65 years old. Two
tests of cognitive function were used:
the Mini Mental State Examination53
(MMSE) and the Clock Drawing
Test.54 The MMSE is a widely used
screening measure for dementia, and a
score of 23 or less out of 30 is an indication of impairment. In the Clock
Drawing Test, participants are presented with a circle and asked to draw
in the numbers of a clock face and to
draw in hands to show a specific time.
This task calls on a number of cognitive abilities, such as memory, planning, and understanding instructions.
The participants with diabetes significantly under-performed on both
tests compared to participants without
diabetes, indicating a modest cognitive
impairment. Self-management of diabetes was assessed by asking whether
participants were solely responsible for
their medication and for monitoring
blood glucose. The diabetes group was
divided into those scoring 23 or less
on the MMSE versus those scoring 24
or more. The low scorers were significantly less likely to be responsible for
these two aspects of their diabetes
management than were the high scorers. Moreover, the low scorers were
more likely to have been recently hospitalized, to require help with self-care
generally, to be living in an institution,
and to have lower scores on a measure
of activities of daily living. These findings indicate that people with diabetes
who have cognitive impairment indicative of dementia are less likely to be
performing certain self-management
behaviors.

Although not reported, it is likely
that a comparable analysis of the control group would have shown similar
results, that is, that those scoring 23
or less on the MMSE were less independent than were those scoring 24 or
higher. Dementia is a threat to independent living, and people with diabetes who also have dementia will be
less able to carry out self-management
activities.
Screening for dementia is a sensible
precaution for older diabetes patients.
Those showing signs of dementia on a
simple measure such as the MMSE
should be referred for a more thorough neuropsychological assessment.
Similarly, screening for depression
is recommended when cognitive
impairment is suspected. The incidence of depression is higher among
people with diabetes,55 and depression
is associated with poorer cognitive
functioning21 and poorer self-management.56 Reducing depression may
result in improvements on cognitive
tasks and self-management
behaviors.57
Our research10 has focused on
whether more minor cognitive impairment would be associated with poorer
diabetes self-management. Past
research on cognitive functioning, as
described above, has used batteries of
tests to detect relatively small impairments in specific areas of functioning
that together may not lead to poor
performance on a screening test such
as the MMSE. Would these relatively
small impairments have clinical significance in terms of impaired self-management? If there were no discernible
impact on self-management, then
these small changes in cognitive functioning would have no implications
for patient-centered diabetes management, and this would be reassuring
for older people with diabetes.
In our study,58 51 people with type
2 diabetes completed a battery of cognitive tests and measures of diabetes
self-management. Their mean age was
61.5 years (SD = 10.4 years), and 22
were women. The majority (73%)
were taking OHAs; only 22% were
taking insulin. Participants were not
excluded if they had other health conditions that may have affected their
cognitive functioning, such as heart
disease or hypertension. However,
they were excluded if they had a doc-

umented history of dementia or a
major psychiatric disorder including
clinical depression. In this way, we
intended to study a fairly typical sample of older people with diabetes but
without dementia who may be contending with other common diseases
of old age.
The cognitive test battery included
Digit Symbol,25 forward and backward digit symbol span,25 Logical
Memory Stories A and B,59 serial subtraction,21 Trail Making A and B,37
the Modified Wisconsin Card Sorting
Task,60 a word stem completion
task,58 and the Subjective Memory
Questionnaire.61 Diabetes self-management was assessed by the
Summary of Diabetes Self-Care.62,63
This self-report questionnaire measures diet, exercise, glucose testing,
and medication-taking over the past
month. Higher scores for each domain
indicate higher levels of the self-management behavior. We also administered the Diabetes Problem Solving
Interview,64 which assesses the number and quality of strategies generated
for each of a series of diabetes selfmanagement problems.
Only a selection of the results will
be reviewed here, but the main finding was a lack of association between
the measures of cognitive functioning
and self-management. In multiple
regression analyses after controlling
for age, pre-morbid IQ, and depression, better dietary self-management
was predicted by better scores on the
modified Wisconsin Card Sorting
Task and on the Diabetes Problem
Solving Interview. Better exercise selfmanagement was predicted by better
scores on the serial subtraction task
(counting backward by sevens).
Generating more problem-solving
strategies in the Diabetes Problem
Solving Interview was predicted by
fewer subjective memory problems.
The quality of the diabetes problemsolving strategies was predicted by
one of the tests of logical memory
(Logical Memory Story B). Better
implicit memory was associated with
less self-monitoring of blood glucose.
These were the only associations
between the measures of cognitive
functioning and the self-management
measures after controlling for confounding variables.
These findings suggest that the cog119
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nitive functioning of people with
uncomplicated type 2 diabetes is, in
large part, not associated with their
level of diabetes self-management.
These findings should be interpreted
with caution, however, because of the
modest power to detect significant
associations in these analyses given
the small sample size. However, if
more significant associations could be
detected in more powerful studies, the
question would remain whether these
relatively small effects are of clinical
significance.
Of particular interest among the
few significant associations we
observed was the inverse association
between the measure of subjective
memory and the number of diabetes
problem-solving strategies generated.
People who believe their memory to
be poor were less able to generate
problem-solving strategies. This finding suggests that people with diabetes
who believe themselves to have memory problems may have difficulty with
those aspects of diabetes self-management that require them to think up
solutions to everyday problems posed
by their condition. Patients may complain about their poor memory to
their health care providers, and,
although subjective memory complaints were not a reliable indicator of
cognitive impairment in our study,
these complaints may be a warning
sign that patients’ ability to cope creatively with diabetes problems is
reduced.
Conclusions
Based on the small amount of
research to date, it would appear that
cognitive impairment below the
threshold for detection by dementia
screening is not associated with clinically significant impairment on selfmanagement tasks. With due caution,
older diabetes patients can be reassured that even if diabetes is associated with some modest cognitive
decline, this decline in itself is unlikely
to endanger their ability to self-manage their illness.
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