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Abstract

Diabetes mellitus is a known risk factor for the development of multiple subtypes of dementia
and mild cognitive impairment. Recent research identifies a cause-specific diabetes-related
dementia with a unique set of characteristics. Currently, there is no standard cognitive assessment
battery recommended to specifically assess dementia that is a direct consequence of chronic
diabetes, and some evaluations have been used for decades with minimal revisions, regardless of
appropriateness. We performed a systematic review of the dementia/cognition evaluation methods
most commonly used in the literature for assessing diabetic patients and identified which cognitive
domains are typically assessed in this setting, and whether cognitive changes were more reflective
of a vascular pathology, Alzheimer’s pathology, or something else entirely. Search results yielded
1089 articles. After screening for appropriateness, a total of 11 full-text articles were assessed.

In general, subjects in the reviewed studies were assessed using a variety of testing methods,
examining different combinations of cognitive domains. A standard, clear definition of which
cognitive domains are the most important to assess in diabetic patients is needed in order to
determine what combination of assessment tools are most pertinent. Given the growing subset of
the US population, careful reconsideration of cognitive assessment methods is needed to create
self-care plans that take into account a specific collection of cognitive challenges for those with
diabetes.
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Diabetes mellitus (DM) is a risk factor for dementia and mild cognitive impairment (MCI)
(1). Negative effects on cognition can occur early in the timeline of diabetes and accelerate
over time (2), potentially impacting ability of long-term diabetic patients to provide adequate
self-care. This is concerning, given the other complex sequelae of DM, such as renal

disease, peripheral vascular disease, and foot ulcers requiring extensive care (3). Maintaining
patient ability to self-manage disease can aid in population-level management of diabetes,
especially in face of increasing care costs (4); expenditures on diabetes care in the United
States increased 26% from 2012 to 2017 (5). Improving patient management by streamlining
and harmonizing cognitive evaluations should result in better monitoring and prediction of
disease progression and concurrent cognitive decline. However, identifying and properly
classifying subtypes of cognitive decline in type 2 DM (T2DM) has proven to be challenging
and is difficult to do without conducting extensive neurological and neuroimaging exams.
This challenge is particularly evident to clinicians and researchers who struggle to determine
the extent of cognitive impairment in these patients, as this also complicates the consent
process and introduces uncertainty involving the ability of patients to make their own health
care decisions (6).

Cogpnitive decline as a direct consequence of T2DM is frequently referred to as “diabetes-
related dementia,” presenting with a unique pattern of cognitive domain pathologies (7,8).
Neuroimaging has demonstrated that diabetes-related metabolic abnormalities also manifest
in specific brain areas, consistent with cognitive decline in the areas of memory and
executive function greater than experienced in Alzheimer’s (8). In this regard, diabetes-
related dementia is more similar to vascular dementia than to Alzheimer’s, although the
latter is more common in the broader population (8,9). Evidence suggests that brains

of diabetic patients display infarct pathology and lack the classic Alzheimer’s plaque-and-
tangle appearance (10). Despite these pathological differences, patients with diabetes-related
or Alzheimer’s dementia are often screened to determine cognitive status using the same
brief cognitive assessment tests, such as the Mini-Mental State Examination (MMSE) or
Mini-Cognitive Assessment Instrument (Mini-Cog) (11).

In diabetic patients without genetic mutations predisposing to other types of dementia, and
who develop dementia as a direct consequence of disease, it is not clear if commonly

used cognitive assessments capture information needed to identify the unique cognitive
characteristics of diabetic dementia. Further, one can ask whether diabetic dementia presents
differently from Alzheimer’s disease or vascular dementia. Addressing these questions,

and creating disease-specific evaluation methods, could lead to more effective courses of
treatment.

This study aims to systematically review the dementia/cognitive evaluation methods
commonly used for diabetic patients to identify which cognitive domains are being assessed,
whether they are more reflective of a vascular or Alzheimer’s pathology, or whether
something else entirely is being examined. This will aid in determining which cognitive
evaluations are most pertinent and helpful for assessing the type of dementia that develops in
chronic DM patients, especially when trying to assess competency for providing consent or
the extent of participation a patient is able to commit.
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We did not seek Institutional Review Board approval for this investigation because we did
not employ the use of protected health information in this investigation.

Patients/Materials and Methods

Results

We searched Medline and Ovid using the search terms “diabetes mellitus,” “dementia,”
“cognition,” and “memory.” Articles were excluded if they lacked at least 2 of these search
terms, or did not mention diabetes-related dementia and cognitive assessments. Articles not
in English; animal studies; articles focused on biochemical pathways, “renal insufficiency,”
or “macrophages”; articles mentioning type 1 DM; articles only addressing the Alzheimer’s
form of dementia; articles focused on specific subgroups of people; and articles with
subjects not within the United States were excluded. We allowed all article types except
biographies, conference notes, datasets, directories, interactive tutorials, legal cases, personal
narratives, video-audio media, and webcasts.

The result yielded 1089 articles. Articles were screened for appropriateness by title alone,
leaving 526 articles. Abstracts of the remaining articles were designated as “yes” or “no”
for further review. Based on these choices, full texts were reviewed. In total, 106 full-text
articles were assessed; see Fig. detailing study selection. “Yes” or “no” designations were
again assigned, ensuring that articles sufficiently addressed dementia or cognitive changes
related to diabetes. When disagreement arose throughout this process, the articles were
discussed until agreement was reached. Of these, 11 articles outlined the cognitive tests used
for our population of interest and are listed in Table 1. Twenty-two articles from the search,
which were not included in the final review, were used as reference material. The various
tests used in the studies are detailed in Table 1.

To summarize the assessment tools used in each of the included studies, we relied on the
neurocognitive domains recognized by the DSM-5: complex attention, executive function,
language, learning and memory, perceptual-motor function, and social cognition (12). For
this review, processing speed is considered a sub-category within complex attention. The
domains studied by the assessments in each manuscript were also noted (Table 2).

Complex Attention

Complex attention refers to sustained attention over time, divided attention to 2 tasks at

a time, selective attention when distractors are present, and processing speed (13). This
domain was assessed in several included studies. Dai et al used the Digit Span Test to
measure immediate attention as part of their 2-year study examining cerebral blood flow,
cognitive decline, and mobility decline in adults with T2DM (14). A systematic review

by Catchlove et al investigated the association between level of cognitive function and
cerebrovascular changes observed in different diseases leading to cardiovascular reactivity
(15). Since cerebrovascular reactivity was assessed in multiple diseases, not all their
reviewed studies focused on diabetic patients; however, 2 reviewed papers specifically
assessed patients with diabetes, both using part A of the Trail Making Test (TMT-A) to
examine processing speed (15). A case-control study looking at diabetes-related dementia,
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by Chen et al, also used parts of the TMT-A to asses processing speed, as well as using
the dot, color, and word portions of the Victoria Stroop Test (16). Degen et al assessed
a cohort that underwent the d2 Attentiveness Endurance Test and the Digit Symbol Test
for assessment of attention and processing speed (17). Finally, studies included in the
meta-analysis by Sadanand et al reported use of the digit span forward and digit symbol
substitution tests to evaluate diabetic patients (18).

Executive Function

Language

Executive function encompasses ability to plan and interpret sequences, make decisions,
hold information in working memory, error correction, complex inhibition, and mental
flexibility (13). Most included studies used tools that assessed aspects of executive function.
Dai et al used the Verbal Fluency Test, Trail Making Tests, and the Clock Drawing Test

to assess executive function in T2DM adults between the ages of 50 to 85 (14). Catchlove

et al referenced 2 studies that assessed this domain: one used the Trail Making Test B
(TMT-B) and verbal fluency tests to assess executive function in diabetic patients versus
healthy controls, and the other compared diabetic patients with and without hypertension,
and used the Wisconsin Card Sorting Test (15). In comparison, 3 of 10 studies reviewed by
Catchlove et al assessed participants with the AD form of dementia, and while each used a
variety of tests, the only test used in all 3 was the MMSE (15). Degen et al studied a cohort
over a 14-year period to investigate effect of diabetes and its duration on neuropsychological
functioning (17). They conducted 3 waves of cognitive data collection, using the Mosaic
Test and the Finding Similarities portion of the Weschler Intelligence Test Battery to assess
reasoning and abstract thinking (17). The Ginkgo Evaluation of Memory study assessing
incident dementia in older diabetic adults used the Wechsler Adult Intelligence Scale-R
Digit Span Backward, TMT-B, Stroop Color-Word Test, and interference condition tests for
executive function (19). Studies examined in a meta-analysis by Sadanand et al incorporated
a similar battery of tests used to diagnose AD and other forms of dementia: the TMT-B,
Stroop Test, Wisconsin Card Sorting Test, Brixton Test, and Digit Span Backward Test (18).
Chen et al used the dot, color, and word portions of the Victoria Stroop Test to look at
mental control in T2DM patients, examining results for association with deep gray-matter
abnormalities in the brain (16). Rajan et al studied participants with incident and preexisting
diabetes enrolled in the Chicago Health and Aging Project, in which executive cognition was
assessed with the Symbol Digit Modalities Test (20), more commonly known as the Digit
Symbol Substitution Test. The participants in the Wennberg et al longitudinal cohort study
were administered the Clock Drawing Test as an assessment of both executive function and
visuospatial ability (21). This study looked at patients with diabetes or dementia diagnoses;
the diabetes-specific subtype of dementia was not separately assessed.

The language domains refer to fluency that is both semantic (words) and phonemic (sounds),
use of grammar and proper word choice, and language comprehension (22). Degen et al’s
cohort was assessed using the verbal fluency portion of the 1993 “Leistungspriifsystem”
(17). This test is almost identical to the verbal fluency test developed by Benton and
Hammer in 1989, which is seen in papers reviewed by Catchlove et al (15). The verbal
fluency test was also chosen by Sadanand et al to assess categorical and phonemic language
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fluency; all papers in their review used this test, per their study criteria (18). Abner et al used
a categorical fluency test with animals to assess infarct neuropathology in diabetic patients
with or without AD, at both 2 and 6 years prior to death (23).

Learning and Memory

This domain refers both to immediate memory, such as ability to repeat words or phrases, as
well as recent memory, such as ability to encode newly obtained information (13). Chen et
al used parts of the Rey-Osterrieth complex figure test (ROCF) to assess short-term memory
(16). A revised version of the Hopkins Verbal Learning Test that includes elements of total
recall, delayed recall, and retention, was used by Dai et al (14). Degen et al referred to the
Word List of the Nuremberg Age Inventory as a test of verbal memory (17). Murray et al
referred to the Auditory Verbal Learning Test (AVLT) and the modified Stroop Color-Word
Test (24). In Rajan et al, participants were assessed for immediate and delayed recall of

the East Boston Story (20). The Sadanand et al’s meta-analysis noted that AVLTS were

the most commonly used test of episodic and logical memory (18). More specifically, their
meta-analysis included papers using the Rey’s AVLT, California VLT, Weschler Memory
Scale, Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) test, East
Boston Memory Test and the Guild Paragraph Test for this domain (18). Wennberg et al used
data from the National Health and Aging Trends database, and their participants underwent
the episodic memory test from the CERAD battery (21).

Perceptual-Motor Function

This domain includes visual perception such as facial recognition, hand-eye coordination,
purposeful movement based on perception, the ability to imitate learned movements,
awareness, and recognition (13). Chung et al, as identified in the review by Catchlove et

al, used the ROCF to assess visual-spatial ability, in a prospective study looking at the
relationship between inflammation, vasoregulation, and cognitive decline in T2DM patients
(25). Chen et al also used the ROCF, as well as the Victoria Stroop Test, to assess spatial
ability and its relation to structural magnetic resonance imaging (MRI) brain changes (16).
The Digit Symbol Substitution Test, components of which assess psychomotor performance,
was used to measure psychomotor function and speed in the ACCORDION MIND study
conducted by Murray et al (24), which focused on cognitive testing for vascular cognitive
impairment at base-line, 20 months, and 40 months, with repeat brain MRIs taken for visual
comparison (24). Wennberg et al used the Clock Drawing Test to assess both executive
function and visuospatial ability (21).

Social Cognition

Social cognition refers to the recognition of a range of positive and negative emotions;
theory of mind, or the ability to recognize that self and others have intentions, desires,
beliefs, and emotions that are driving factors behind actions and interactions (26); and the
overall ability to assess another’s mental state (13). Studies that assessed social cognition
include Chung et al, who used the Instrumental Activities of Daily Living scale, which is
a health indicator for older adults (25). The test was chosen because behavioral changes
can be a hallmark of decline in this area of cognition. In the studies reviewed, social
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cognition was the least frequently assessed domain, corresponding with the least number of
domain-specific testing modalities.

Discussion

According to the Centers for Disease Control, approximately 10%, of Americans, have
diabetes (27), resulting in a 26% increase in expenditures on diabetes from 2012 to 2017 (5).
Roughly 2.3 times as much is spent on healthcare for diabetic patients as for patients without
diabetes, and approximately 1 in every 4 dollars spent on healthcare is a direct consequence
of diabetes (5).

As individuals age, nonpathologic changes in cognition occur, and separating pathology
from cognitive aging is a delicate process. It is widely accepted that cognition exists on

a continuum; MCI is often seen as separating normal cognitive aging from early onset of
dementia (28). While MCI does not always progress to dementia, it has been suggested

that patients with MCI have increased risk of developing dementia later in life. Annually,
approximately 8% to 15% of MCI patients progress to some form of dementia (28).
Determining which cognitive domains are most important for initial evaluation of etiology
is difficult: patients developing issues with cognition, regardless of the cause, often have
similar presenting symptoms/difficulties that may involve more than 1 neuropathology (29).
Thus, screening requires testing of multiple cognitive domains to reliably detect early MCI
(30), which may be present in the early onset of dementia. Therefore, tests such as the
MMSE (31), while reflecting global cognition, are suboptimal stand-alone tests for MCI;
the MMSE is just 1 example of an assessment tool that focuses on specific domains that
can be tested in a variety of ways. More extensive testing is needed to properly identify the
pathology (32). Adding to difficulties in assessing MCI in diabetic patients, in particular, is
the need to differentiate between diabetes-related dementia, AD, and vascular dementia. In
fact, genetic studies reveal multiple layers of complexity when comparing different dementia
forms (33). Understanding diabetes-related dementia from a physiological point of view,
therefore, is an area of active research (34).

Slow, structural brain changes correlating with diabetes-associated cognitive decline have
been identified on MRI (35). Evidence suggests that diabetes-related dementia is more
related to executive functioning than memory, although data relating physiological changes
to specific affected cognitive areas are less clear (36). Diabetes-related dementia is clinically
diagnosed after excluding all other forms of dementia, and postmortem studies have

shown unique brain changes in chronic diabetes that are distinct from neuritic plaques

and neurofibrillary tangles characteristic of AD (23). Studies have also compared diabetes-
related dementia to the vascular dementia subtype as opposed to AD for individuals lacking
an ApoE4-related predisposition to AD (9). A clinical diagnosis of Alzheimer’s dementia
requires signs of impairment in at least 2 of the following areas: ability to acquire and retain
new information, ability to reason and handle complex tasks (having good judgement),
visuospatial skills, language skills, and personality/behavior (37). The most common
clinical tests used to evaluate possible dementia of any subtype are MMSE, Mini-Cog,
Cognitive Abilities Screening Instrument, Montreal Cognitive Assessment, and Clinical
Dementia Rating (38). The Montreal Cognitive Assessment is recommended over MMSE
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for diagnosing AD, as it seems to be more sensitive to cognitive impairment distinctions,
specifically impairment of executive and language domains (39). This is particularly useful
when differentiating between vascular dementia and AD (37). None of the research articles
examined in this review, used the Mini-Cog or the Cognitive Abilities Screening Instrument,
demonstrating a possible disconnect between clinical and field data collection.

Although the DSM-5 defines specific cognitive domains used for clinical diagnosis, there
were domain definition inconsistencies within and between articles in this review. Cognitive
domains appeared to be defined subjectively, based on past research methods, or as
conglomerations of 2 or more domains. Selection of the most appropriate cognitive testing
instruments is challenging, especially since pathology-specific dementia scores may not
always be comparable (40). In general, subjects in the reviewed studies presented with
varying composite cognitive scores and levels of impairment, and were assessed using a
variety of testing methods. A majority of the examined papers mentioned using at least

2 different cognitive assessment methods, thereby assessing at least 2 different cognitive
domains; however, many different combinations of tests were used, and many different
combinations of cognitive domains were assessed. We also observed that the same test was
used by different studies to assess different cognitive domains, or parts of the same test were
used to assess different or multiple cognitive domains.

Assessing cognitive function over time necessitates use of more than 1 cognitive measure

to improve accuracy (30), so standardized use of multiple diabetes-specific assessments has
the potential to improve the value of cognitive testing results. Taking into account the study
population and its disease progression is important to the standardization process when
specifically targeting diabetes-specific cognitive changes. The cohort used by Degen et al,
for example, was comprised of patients meeting criteria for MCI or Alzheimer’s dementia;
however, they excluded participants with mild cognitive disorder and vascular dementia
(17). It could be argued that these findings are not applicable to progressive, T2DM-related
cognitive decline. Similar incongruencies in the literature in terms of cognitive testing
methods, reporting results, and sample selection can unfortunately result in difficulty
synthesizing data when diabetes-specific cognitive data is needed. While this phenomenon
was observed in some reviews we examined that aimed at the assessment of affected
cognitive domains in T2DM (18), there were some limitations. Although this review is
meant to be a representative look at the most common testing methods used for identifying a
specific subtype of dementia and quantifying cognitive decline in diabetic patients, the initial
database search yielded over 1000 articles. It is thus possible that diabetes-specific testing
methods may have been missed in this large volume of academic papers. Articles were also
limited to 2015 and later, which may exclude studies with more traditional test batteries.
Avrticles not in English were excluded, which could miss other popular cognitive evaluation
methods used in other areas of the world. A strength, however, is the variety of study designs
assessed.

Cognitive assessments, regardless of method, are subject to biases related to socioeconomic
factors such as age, culture, and level of education/health literacy. The Boston Naming Test,
for example, has been criticized for having inadequate norms that lead to misclassification
and bias against less-educated participants (41). According to the DSM-5, standard
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neuropsychological testing should take into account age, education, and cultural background
when evaluating for neurocognitive diseases (13). In most of studies reviewed, however,
there was no stratification by education and/or cultural background in assessing cognitive
results. Consideration of cultural and socioeconomic differences not only improves the
effectiveness of diabetic interventions, it also improves the ability for patients to engage in
more personalized and suitable routines.

Cognitive ability, physical ability, and social participation are equally important for
adaptation to self-care methods, especially those that are more effective when client-driven
(4). An outpatient study conducted in Slovenia showed that independent diabetes self-
management behaviors are influenced by specific cognitive abilities related to planning and
problem solving (42). Santos et al found that diabetic patients with cognitive impairment,
especially in learning, memory, and executive function domains, were significantly impaired
in all self—care tasks (43). However, over 10 cognitive assessment tools were used in the
study, and the subtype of dementia (AD vs others) was unmentioned. Those with T2DM

and cognitive decline often struggle with proper avoidance of hypoglycemic episodes. The
ability of aging diabetic patients to understand and practice effective self-care routines is
also important for them to maintain a sense of independence in spite of complex, long-term
diabetic sequelae of both central and peripheral vascular diseases (43). Given these concerns,
assessment of cognitive abilities of diabetic patients can be seen as a vital component of a
personalized treatment regimen, with goals of improved self-management and quality of life
(44). To gain a clear understanding of cognitive impairment and decline in diabetic patients
and the impact of impairment on self-care and quality of life, it is necessary to properly
identify, define, and apply cognitive assessment methods that will target distinctive diabetes
decline patterns. This would allow for diabetes-specific recommendations that may differ
from those for other forms of dementia, such as AD.

In conclusion, different cognitive assessment methods are used both in clinical and research
settings to assess diabetic patients exhibiting MCI or general cognitive decline. It is difficult
to distinguish the diabetes-related dementia subtype from other, better-studied subtypes of
dementia. While certain cognitive tests were designed to assess specific cognitive domains,
we observed that different research groups apply the same tools to assess different cognitive
domains, as there is a functional overlap among cognitive tasks. The complexity and
multifactorial aspects of cognitive decline make it difficult to decide which cognitive tests
sufficiently assess each cognitive domain. As stated by Biessels et al, researchers are

faced with the challenge of pinpointing the development of dementia within a spectrum

of diabetes-related disease processes that are separate from AD, highlighting the need for
agreement between experimental and clinical scientists (42). Multiple tests are required for
thorough cognitive assessment.

Currently, specific testing methods that best represent the cognitive domains most affected
in diabetes-related dementia cannot be recommended based on this literature review

alone because of the nebulous nature of the question posed. The search for a sense

of uniformity throughout cognitive assessments depends on what individual researchers
are examining on a pathologic level and what they are trying to learn about particular
cognitive domains. This literature review highlights the need for further research and a
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eper assessment of which cognitive domains should be monitored and targeted in diabetic

patients, and which tests most effectively characterize diabetes-specific cognitive changes.
Streamlining evaluation of the DM-related dementia type will facilitate earlier application

of

individualized interventions improving self-care and quality of life for the growing, aging

population of diabetic patients.
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