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B IN BRIEF Cognitive impairment and cognitive decline are common in
adults with type 1 diabetes. Although several diabetes-related variables

have been associated with cognitive functioning in both cross-sectional and
longitudinal studies, inconsistencies remain. This is particularly true in older
adults. Cognitive impairment appears to be both a consequence of and a risk
factor for poor diabetes self-management and associated glycemic outcomes.

Interventions such as cognitive compensatory strategies, assistive technology,

and simplified treatment regimens may limit the impact of cognitive impairment

on self-management in adults and older adults with type 1 diabetes.

s described by Cato and
Hershey in this issue (p. 197),
it is well established that chil-
dren and adolescents with type 1 di-
abetes have small but significant cog-
nitive impairments relative to control
subjects, with greater impairment in
those with certain diabetes-related
risk factors. However, questions re-

main about the course of cognitive
change into adulthood and old age
in those with type 1 diabetes.

Cognitive Impairment in Adults
As in the literature regarding children
and adolescents, there is general consen-
sus from cross-sectional studies that
type 1 diabetes is associated with cog-
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nitive deficits in adults compared
to normal control subjects (1-3).
In a meta-analysis of 33 studies
of cognition in adults with type 1
diabetes, Brands et al. (1) reported
poorer performance compared to
control subjects in the domains of
intelligence, information processing
speed, psychomotor efficiency,
attention, cognitive flexibility, and
visual perception (4 = 0.3-0.7).
However, in adults with childhood-
onset type 1 diabetes, these differences
could represent stable cognitive
impairments since childhood, with
some authors speculating that there
is no further cognitive decline in
adults apart from the cognitive
effects of diabetes complications (4).
In an attempt to address this issue,
a meta-analysis of 55 studies (32 in
adults and 23 in children) found
cognitive differences in more cognitive
domains and larger effect sizes in adult
compared to child samples (5). This
could indicate that the brain continues
to be vulnerable to damage associated
with type 1 diabetes in adulthood. In
support of this hypothesis, Nunley
et al. (6) reported more pronounced
cognitive impairment in middle-aged
adults with type 1 diabetes (28%
impaired; mean age 49 years) and
twice the rate of clinically significant
cognitive impairment compared to

that reported in child samples (6).

Cognitive Decline in Adulthood
The Diabetes Control and Compli-
cations Trial (DCCT) and its sub-
sequent follow-up study measured
cognitive functioning from early
adulthood to middle age (7). This
large and comprehensive study found
no evidence of marked cognitive de-
cline over 18 years in the overall co-
hort. This study has been regarded by
some as definitively determining that
cognition does not change over time
in adults with type 1 diabetes.
Although it is certainly an import-
ant study and has contributed much
to our understanding of the value
of intensive glycemic control with
regard to complications, there are
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several limitations that need to be
considered when interpreting the
DCCT cognitive data. First, this
sample does not appear to be rep-
resentative of the broader adult
population with type 1 diabetes. The
majority of participants were diag-
nosed as adults (mean age 27 years
at enrollment with average duration
of 6 years), and, more importantly,
the average IQ at enrollment was 114
(high average). Furthermore, cogni-
tive performances were at or above
the performance of normal control
participants on nearly all cognitive
tests, and the majority of partici-
pants were employed in professional
or technical occupations. Given the
protective effect of higher cognitive
functioning or “cognitive reserve” on
cognitive decline (8), a sample with
less impressive cognitive skills at base-
line may be more vulnerable to brain
dysfunction over time. Additionally,
the investigators used an average of
individual test z scores to calculate
cognitive domain scores. Although
this reduces the risk for type 1 error
associated with multiple comparisons,
it can result in above-average test
scores canceling out below-average
or impaired scores within domains,
which would reduce the likelihood
of detecting meaningful cognitive
impairment if only some tests within
a domain were sensitive to type 1 dia-
betes—related cognitive decline.

In contrast to the DCCT findings,
Ryan et al. (9) reported that 39% of
their middle-aged sample (average age
40 years) had a cognitive decline of
at least 0.5 SD in processing speed
over 7/ years.

Cognitive Decline and
Dementia in Older Adults

As a result of advances in medical
treatment, the life expectancy of peo-
ple with type 1 diabetes has increased,
resulting in a growing population of
older adults with the disease (10).
There is a paucity of research on the
cognitive status of this population,
however.
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Although there are strong associ-
ations between type 2 diabetes and
cognitive decline and dementia in
older adults (11-18), the nature, sever-
ity and risk factors for, and trajectory
of cognitive impairment in older
adules with type 1 diabetes are less
clear. No longitudinal studies have
reported the incidence of demen-
tia in type 1 diabetes or risk factors
for conversion from mild cognitive
impairment (MCI) to dementia.
However, recent evidence from a
national retrospective cohort study
from England (19) suggests that type
1 diabetes is associated with increased
vascular dementia risk. In contrast,
there is also speculation that type
1 diabetes may protect older adults
from Alzheimer’s disease due to the
protective effects of exogenous insulin
in the brain (20).

The only longitudinal study in
older adults (average age 60 years)
with type 1 diabetes (21) reported
mild information processing speed
deficits compared to matched control
subjects at baseline but no signifi-
cant cognitive decline over 4 years.
Incident severe hypoglycemic events
and cardiovascular events were asso-
ciated with declines in information
processing speed, however. Of note,
this was a small sample (» = 36),
so the study may have been under-
powered to detect other variables
associated with cognitive decline.
Given the absence of robust longitu-
dinal data on cognition in those >60
years of age, it is not known how
the preexisting cognitive weaknesses
associated with type 1 diabetes are
affected by the aging process.

Risk Factors

It is clear that not all adults with type
1 diabetes have cognitive impairment.
It is important to identify cognitive
risk factors for several reasons: 7) to
understand mechanisms underlying
cognitive impairment in type 1 dia-
betes, 2) to potentially modify risk,
and 3) to appropriately refer at-risk
patients for detailed evaluation and
recommendations regarding the po-
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tential impact of cognitive impair-
ment on self-management and other
aspects of daily living. It is important
to note that, although adults with
type 1 diabetes diagnosed in child-
hood retain the same risk factors for
cognitive impairment present in that
age-group (see Cato and Hershey in
this issue, p. 197), those diagnosed
as adults may have a different set of
risk factors for cognitive decline. For
example, diabetic ketoacidosis, a risk
factor for cognitive impairment in
children, may not be a risk factor for
cognitive impairment in those diag-
nosed as adults, given evidence that
the developing brain may be at great-
er risk for adverse effects of glycemic
extremes (4).

Age of Onset and Duration of
Diabetes

Age of onset and duration of type 1
diabetes have been linked to cognitive
ability in adult samples (5,22-24).
Ferguson et al. (24) found that adults
with early-onset diabetes (7 = 26)
had lower current intellectual ability
(Wechsler Adult Intelligence Scale-
Revised performance 1Q, P = 0.03)
and information processing ability
(Choice Reaction Time, P = 0.006)
than those with later-onset diabetes
(n = 45). Furthermore, lateral ven-
tricular volumes were 37% greater
(P = 0.002), and ventricular atrophy
was more prevalent (61 vs. 20%,
P=0.01) in the early-onset group. In
addition, in a sample of 150 adults
with type 1 diabetes, Brismar et al.
(22) reported that age of onset and
duration of diabetes were the stron-
gest predictors of neuropsychological
performance, with long diabetes du-
ration and young age of onset predict-
ing low scores in psychomotor speed,
memory, processing speed, attention,
working memory, verbal ability, gen-
eral intelligence, executive functions,
and global score.

Diabetes Complications

Micro- and macrovascular compli-
cations of diabetes, including reti-
nopathy and neuropathy, have been
consistently linked to greater cog-
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nitive impairment in adult samples
(9,25-27). Using meta-analysis,
Brands et al. (1) reported that cog-
nitive deficits in adults with type 1
diabetes were associated with micro-
vascular complications. Retinopathy
and polyneuropathy measured 5 years
before cognitive testing were predic-
tive of poorer cognitive functioning in
middle-aged adults (6). In addition,
brain white matter disease occurred
earlier and was associated with neu-
ropathy and slowed cognition (28). In
a longitudinal study of middle-aged
adults with type 1 diabetes (9), the
development of proliferative retinop-
athy and autonomic neuropathy pre-
dicted decline in psychomotor speed
(P <0.01), as did incident macrovas-
cular complications (2 <0.05).

Glycemic Extremes
The relationship between glycemic ex-
tremes (i.e., hypoglycemia and hyper-
glycemia) and cognitive functioning
remains controversial. In the DCCT,
there was no evidence of greater cog-
nitive decline associated with incident
severe hypoglycemic episodes, and
other studies have also failed to find
an association between a history of
severe hypoglycemic events and cog-
nitive functioning (1). However, there
is an apparent link between hypogly-
cemia and cognitive impairment in
older adults with type 2 diabetes (29—
31), and a recent case-control study
found that older adults with type 1
diabetes who had recent severe hypo-
glycemic events had poorer cognitive
functioning than those who had not
had an event in the past 3 years (32).
Thus, the neurological effects of se-
vere hypoglycemia may be greatest
during early development and during
age-associated neurodegeneration (4).
As described by Cholerton et
al. in this issue (p. 210), chronic
hyperglycemia has been linked to
cognitive decline and dementia risk
in type 2 diabetes (18,33). This also
appears to be the case in type 1 dia-
betes. DCCT investigators reported
declines in motor speed and psycho-
motor efficiency (but not in other
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cognitive domains) in those with the
highest A1C (>8.8%) over 18 years
in their now middle-aged sample (7).
Likewise, average A1C over the pre-
vious 14 years was associated with
cognition in midlife (6). However,
Brands et al. (1) did not find a rela-
tionship between cognition and A1C
in their meta-analysis.

Implications for
Self-Management

Researchers studying the relationship
between cognitive functioning
and chronic disease typically have
assumed that chronic disease causes
cognitive impairment. However,
cognition also may be a risk factor for
outcomes in chronic conditions with
high self-management demands. For
example, there is evidence that lower
cognitive ability precedes obesity (34)
in children who later become obese.
This concept of “reverse causality”
provides a rationale for a novel
approach to behavioral intervention
based on individual cognitive
risk factors and using cognitive
compensatory strategies, prompts,
and environmental modifications
to improve patients adherence to
self-management behaviors despite
cognitive barriers.

Fluid Cognition Declines With
Age and Is Related to Medical
Self-Management

Fluid cognition is a broad descriptor
of a diverse set of discrete cognitive
skills, including executive function-
ing, working memory, prospective
memory, episodic memory, mental
flexibility, attention, and complex
processing speed and is highly sen-
sitive to the effects of normal aging
(35). Many of these cognitive skills
also have been linked to medication
self-management among diverse pop-
ulations, including those with HIV
(36,37), MCI and dementia (38), and
Parkinson’s disease (39).

Executive functioning is the most
consistently cited cognitive domain
in research focused on predicting
instrumental activities of daily living
in older adults (40) and neurological
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populations (41). Of note, longitudi-
nal decline in executive functioning
and memory is associated with con-
comittant decline in instrumental
activities of daily living in older adults
both with and without MCI (38).
Typically, when evaluating cognition
in older adults, researchers control
for the effects of normal age-related
cognitive decline. Although this
is appropriate when diagnosing a
pathological disease state, it may not
be appropriate when determining
risk for medical mismanagement. It
is possible that even normal age-re-
lated decline, coupled with the high
demands of managing type 1 diabe-
tes, could result in self-management
problems. 1t is therefore crucial to
identify the level of absolute cogni-
tive performance that increases risk
for self-management problems, even
within the normal range.

Cognitive Impairment Is a Risk
Factor for Poor Diabetes
Self-Management

Although data in adults with type
1 diabetes are scarce, cognitive per-
formance in older adults is associ-
ated with performance on simulat-
ed cognitively demanding diabetes
self-management tasks (42). There is
also evidence that cognition predicts
self-management ability in children
with type 1 diabetes and adults with
type 2 diabetes. McNally et al. (43)
used structural equation modeling
to demonstrate that treatment ad-
herence mediated the relationship
between executive functioning and
glycemic control in their sample of
youth with type 1 diabetes. The al-
ternative model (that adherence led
to glycemic control, which in turn
led to executive dysfunction) was not
supported by the data. There are also
increasing data suggesting that cogni-
tive performance predicts type 2 dia-
betes self-management (44—46). Most
studies have focused on the import-
ant role of executive functioning (i.e.,
planning, problem-solving, and men-
tal flexibility) in managing diabetes.
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B FIGURE 1. Hypothesized model linking cognitive decline, self-management, and

severe hypoglycemia (SH) risk.

Prevention of hypoglycemic events
is a key self-management task that
may be affected by cognitive func-
tion. The ACCORD-MIND trial
(47) in patients with type 2 diabetes
found that cognitive performance
at baseline predicted hypoglycemic
episodes at the 20-month follow-up
in those with no baseline hypogly-
cemia. In addition, this trial found
that cognitive decline from base-
line to 20 months was predictive of
hypoglycemic episodes at 20 months
for those patients who began the
trial with average or lower cognitive
ability. These data indicate that cog-
nitive ability must cross a functional
threshold to begin to affect self-man-
agement and hypoglycemia risk
(Figure 1). In another longitudinal
study in type 2 diabetes, lower cogni-
tion at baseline was associated with a
twofold higher risk of incident severe
hypoglycemia over the next 4 years,
and previous hypoglycemia also was
associated with steeper cognitive
decline (30). Executive functioning,
processing speed, and memory (i.e.,
fluid cognition) had the strongest
associations with hypoglycemia. It
is possible that those with declining
cognition are less able to prevent, rec-
ognize, and treat hypoglycemia.

Psychosocial and Demographic

Factors

Of course, psychosocial variables such
as depression (48,49), diabetes dis-
tress (50,51), self-efficacy (52), social

support (53), and hypoglycemia fear
(54) are associated with type 1 diabe-
tes self-management. Demographic
factors, including age, sex, and so-
cioeconomic status (i.e., education,
income, and insurance status), also
have been linked to self-management
behaviors (55,56). It is therefore im-
portant to account for these factors
in addition to cognitive impairment.

Future Directions

It is evident from this summary of
the literature on cognitive function-
ing in adults with type 1 diabetes that
many questions remain unanswered.
Overall, as a group, adults with type 1
diabetes have poorer cognitive perfor-
mance than those without. Younger
age of onset, longer diabetes dura-
tion, presence of diabetes complica-
tions, and chronic hyperglycemia are
associated with poorer performance
and greater decline. Cognitive prob-
lems in adults with type 1 diabetes
appear to be primarily in fluid cogni-
tion (i.e., processing speed, executive
functioning, and memory), although
other domains also can be affected.
More research is needed to better
understand the course and magni-
tude of cognitive change over time,
particularly in older adults, and the
implications of cognitive change on
diabetes self-management. With this
knowledge, cognitive rehabilitation
approaches could be developed to
compensate for changing cogni-
tion and lessen its impact on diabe-
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tes self-management and quality of
life. Elsewhere in this issue (p. 224),
Hopkins et al. provide an excellent
summary of practical strategies that
may be beneficial in this regard.
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