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Abstract

Background—Diabetes is a risk factor for the development of cognitive impairment and
possibly for accelerated progression to Alzheimer disease (AD) and other dementias, though the
trajectory of cognitive decline in general and in specfic cognitive domains by diabetes is unclear.

Methods—Using the National Alzheimer's Coordinating Center Uniform Data Set (NACC-UDS)
to identify cohorts of elders with normal cognition (N=7,663) and Mild Cognitive Impairment
(MCI, N=4,114), we compared overall cognitive composite and domain specific subscores and
their progression over time between diabetic and non-diabetic subjects.

Results—Diabetes was more common among those with MCI (14.7%) than among subjects who
were cognitively normal (11.7%). In subjects who were cognitively normal, baseline cognitive
composite scores, attention, and executive function subscores were lower in diabetics than non-
diabetics (by 0.098, 0.066, and 0.015 points, respectively). Over time, cognitive composite score
showed subtle worsening in non-diabetics (0.025 points every 6 months), with an additional
worsening of 0.01 points every 6 months in diabetics compared to non-diabetics. In the MCI
groups, baseline cognitive composite as well as attention and executive domain subscores were
lower in diabetics than non-diabetics (by 0.078, 0.092, and 0.032 points, respectively). Over time,
cognitive composite (by .103 points every 6 months) and all domain specific subscores showed
subtle worsening in non-diabetics, but diabetics had significantly slower worsening than non-
diabetics on both cognitive composite (by 0.028 points) and domain specific subscores.

Discussion—Among elders, diabetes may be associated with lower cognitive performance,
primarily in non-memory domains. However it is not associated with continued worsening,
suggesting a static deficit with minimal memory involvement. This data suggest that diabetes may
contribute more to a vascular profile of cognitive impairment than a profile more typical of AD.

Keywords
dementia; diabetes; cognitive decline; Mild Cognitive Impairment; longitudinal analysis

INTRODUCTION

Diabetes is a chronic condition commonly found in the elderly, affecting approximately 20%
of those 65 and older. An additional 5.9% of this age group are reported to have undiagnosed
diabetes.12 Prevalence of diabetes has been rising rapidly across all age, sex, and racial/
ethnic groups for several decades. There is strong evidence that diabetes is associated with
cognitive impairment and dementia,3-12 increases the risk for Mild Cognitive Impairment
(MCI) and Alzheimer’s disease(AD),1314 and increases the risk for vascular
dementia.815-18 The nature of cognitive deficit in diabetes and its patterns of cognitive
deficit and the likelihood of further decline however, are not well characterized.19-22 This
characterization could contribute to our understanding of the etiology of dementia,
particularly since domain-specific cognitive impairment and cognitive worsening can be
associated with focal brain changes, with regional connectivity patterns associated with
specific types of dementia such as AD or vascular disease. For example, amnestic versus
non-amnestic deficits may suggest different etiologies and different profiles of progression.
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We have previously compared cognitive status between diabetic and non-diabetic individuals
who were non-demented.23 In this neuropsychologically well-characterized sample, we
found that while the overall measures of cognition were lower in diabetics than non-
diabetics, poorer performance in diabetics occurred primarily in non-amnestic domains such
as attention, executive function, and processing speed. Domains associated with Alzheimer’s
dementia such as memory and language were relatively unaffected.

In this study, we extend our baseline findings by examining the effects of diabetes on
cognitive performance over time. Subjects were participants in the National Alzheimer's
Coordinating Center's Uniform Data Set (NACC-UDS), and are highly characterized with
cognitive testing, have established clinical diagnoses, and have had multiple assessments of
several cognitive domains with standardized tests. We hypothesized that diabetes would be
associated with cognitive decline, but the association would be more prominent for non-
memory than for memory impairment. We also hypothesized that rate of decline would be
different in diabetic individuals initially diagnosed with normal cognition or MCI, therefore
analyses were conducted separately for individuals with normal cognition and MCI at
baseline.

METHODS

Data Source

Data are drawn from the National Alzheimer's Coordinating Center Uniform Data Set
(NACC-UDS).24 Recruitment, participant evaluation, and diagnostic criteria are detailed
elsewhere.2 Briefly, beginning in September 2005, subjects have been followed
prospectively from National Institute of Aging funded Alzheimer's Disease Centers (ADCSs).
All ADCs enroll and follow subjects with the same standardized protocol and provide data
for research through NACC. Participants were followed at approximately 12 month intervals
using similar evaluations at each visit. The NACC-UDS provides systematic information on
demographics, behavioral status, neuropsychological testing, medical history, family history,
clinical impressions, and diagnoses using standardized forms. Informed consent was given
by all subjects and their informants. Because each ADC recruits subjects with different
inclusion criteria, NACC data should not be considered as population based sample.

In 2015, several significant updates were implemented in the NACC-UDS (UDS 3). The
most important revisions included incorporation of the 2011 NIA-AA criteria for
Alzheimer’s dementia, a diagnosis of vascular brain injury, a more detailed family history
form, and an updated neuropsychological battery. The revision resulted in differences in
several data elements from the previous version. To maintain data consistency, we excluded
from the analytic data set the small number of subjects (2.5%) who had initial visits using
UDS 3. To be eligible for the current study, participants were 65 or older at baseline, had at
least one follow up visit, and were non-demented as determined by clinician consensus. The
data used in current analysis are drawn from UDS subjects who were followed up since
study inception in 2005 to March 2016 using data from 35 ADCs.
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We categorized our sample into three groups based on their initial diagnosis: cognitively
normal, amnestic MCI (aMCI), or non-amnestic MCI (naMCl).26 Cognitive status was
assessed using Mini Mental Status Exam (MMSE) and ten neuropsychological measures in
four separate domains: memory (Logical Memory IA and 1l1A), attention (Digit Span
forward and backward, digit symbol, trail making part A), language (category fluency in
animals, vegetables, Boston naming), and executive function (trail making part B).
Following similar methodology from earlier studies,2327 a normalized cognitive composite
score (CC) and subscores in each domain were constructed to summarize
neuropsychological measures by dividing item scores by their maximum possible scores and
summing across items. Trail A and Trail B scores were reversed so that higher individual
scores and therefore total CC score indicate better cognitive performance.

Diabetes (absent, recent/active, remote/inactive, unassessed/unknown) was reported based
on clinician assessment of subject’s medical history at baseline. Because few subjects
reported remote/inactive diabetes (n=134, 0.68%), we combined them with those who
reported recent/active diabetes. Data on diabetic treatment were extracted from UDS
Medication Form, which includes up to 40 medications for each subject. Lifestyle
interventions were not recorded. Diabetes status was initially categorized into the following
3 groups: (1) no diabetes, (2) treated diabetes (diabetic by medical history, and listed at least
one FDA approved anti-diabetic medication), and (3) untreated diabetes (diabetic by medical
history, no anti-diabetic medications). But estimation results using these 3 categories showed
little difference between treated and untreated diabetes. In the final set of analyses, we
therefore combined treated and untreated diabetes groups. (Results using the 3 diabetes
categories are included in the supplemental Tables 1 and 2). We additionally excluded the
following set of subjects from the analysis sample: (1) 73 subjects (0.37%) with unknown
diabetes status, (2) 65 subjects (0.31%) whose medical history reported no diabetes but
listed at least one anti-diabetic medication.

Age, race/ethnicity (hon-Hispanic white, non-Hispanic black, Hispanic/Latino, other), and
education were ascertained by self-report. History of hypertension, history of stroke,
depression in the past 2 years, history of alcohol abuse, and current smoking also were
ascertained by self-report. Activities of daily living were assessed using the Functional
Assessment Questionnaire (FAQ),28 and behavioral symptoms was assessed by
Neuropsychiatric Inventory, short form (NPI-Q).2° Both of these are assessed in interviews
with study partners.

We first compared baseline demographic and neuropsychological characteristics by diabetes
groups using Wilcoxon rank-sum test for continuous variables and chi-squared test for
categorical variables within each diagnosis group. Multivariable analyses were performed
using mixed effects regression models for each diagnosis group separately. The dependent
variables are Cognitive Composite (CC) score and its four domain subscores. Our main
independent variables are indicator for diabetes and its interaction with time. We first
examined longitudinal change over time using categorical variables based on annual visits,
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tested non-linearity in time by using continuous variables for time (days) since enrollment
and adding higher order terms on time and their interactions with diabetes, and also
estimated restricted cubic spline models. Results suggested that using time since enrollment
as a continuous variable was the best fitting model. Because measuring time in days
produces parameter estimates that are exceedingly small and difficult to read, we scaled days
from enrollment into every 6 months. We also tested models that included a random slope to
allow patients to differ in their overall rate of change over time. Likelihood ratio tests
suggested that including a random slope did not improve model fit and was subsequently
dropped. Our regression model is CC = Bg + p1 diabetes + B, time + B1» (diabetes x time) +
B4 covariates + e. Covariates included baseline age, gender, race/ethnicity, years of
education, baseline MMSE, and indicators for history of hypertension, stroke, depression,
current smoking, and alcohol abuse. Indicators for NACC centers were also included in the
estimation models to control for differences by site. Specified as such, the coefficient on
diabetes (B1) estimates baseline differences between diabetics compared to non-diabetics.
We hypothesized that diabetics would have lower baseline performance compared to non-
diabetics (B1<0). We also hypothesized that cognitive performance (for non-diabetics) would
worsen over time (B,<0). Our main interest is the coefficient B1, which estimates difference
in the rate of change in diabetics compared to non-diabetics. If B2 is statistically
insignificant, this indicates rate of change in CC is similar in diabetic and non-diabetic
subjects over time. If B1 is negative, this indicates faster rate of decline in CC in diabetics
compared to non-diabetics. If B is positive, this indicates slower rate of decline in CC in
diabetics compared to non-diabetics.

Because subjects were followed over time, cluster robust standard errors were reported. All
analyses were performed using Stata 13.0. Statistical significance was set a priori at p<0.05
without adjusting for multiple comparisons.30

Baseline Characteristics

The analysis sample included 7,663 subjects who were initially cognitively normal, 3,347
aMCl, and 767 naMCI subjects. There were significantly higher proportions of diabetics in
naMCl (17.2%, n=132) and aMCI groups (14.1%, n=473) than in the cognitively normal
group (11%, n=899) (p<0.01, Table 1). In the cognitively normal group, those with diabetes
were younger, more likely to be male, more likely to be Hispanic or black, and had lower
education compared to those without diabetes. Similar differences were seen in aMCI and
naMCI groups, except that differences in proportions of males were not statistically
significant in either MCI groups. Within each diagnosis group, those with diabetes were
more likely than non-diabetics to report having hypertension or having had a stroke.
Interestingly, history of depression was higher in diabetics than non-diabetics in the normal
group, but not significantly different in either MCI groups. Compared to non-diabetics,
diabetics had worse baseline NPI-Q and FAQ scores, but differences were statistically
significant only in the normal group. On average, follow up years were 5.0£2.5, 4.1+2.0, and
4.1+2.0 for cognitively normal, aMCI, and naMCI groups.
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In the cognitively normal group, CC and all neuropsychological measures were worse in
diabetics than non-diabetics at baseline (all p<.001). In the aMCI group, CC, executive
function, language, and attention composite scores were worse in diabetic compared to non-
diabetics at baseline. However, memory composites were similar between diabetic and non-
diabetic subjects. Of particular interest, delayed recall was better in diabetics than non-
diabetics among the aMCI group. Patterns in the naMCI group were similar to those found
in aMCI groups, except that diabetics and non-diabetics had similar scores on memory
domain and category fluency. (Detailed comparisons between groups are included in
supplemental Table 3.)

Composite Cognitive Scores over Time

Table 2 reports estimated effects of diabetes on CC score by diagnosis groups, after
controlling for other covariates. Predicted CC scores by diagnosis group and diabetes status
are shown in Figure 1. In the cognitively normal group, diabetics had an average of
0.098+0.025 points lower on the CC than non-diabetics at baseline. There was a small but
significant negative interaction between diabetes and time, indicating accelerated decline in
diabetics compared to non-diabetics. Specifically, CC declined in non-diabetics by an
average of 0.025+0.001 points every 6 months. In diabetics, CC declined by an additional
0.010+0.003 points every 6 months (all p<.01). In the aMCI group, diabetics had
0.074%0.033 points lower in CC score than non-diabetics at baseline (p<.05). There was a
small but significant positive interaction between diabetes and time, indicating slower
decline in diabetics than non-diabetics. Specifically, CC declined in non-diabetics by an
average of 0.111+0.003 points every 6 months. In diabetics, however, rate of decline in CC
was slower by 0.020+0.008 points every 6 months (both p<.05). In the naMCI group,
baseline CC scores were similar between diabetics and non-diabetics. Over time, CC
declined by an average of 0.070+0.006 points in hon-diabetics every 6 months. In diabetics,
however, rate of decline in CC was slower by 0.038+0.014 points every 6 months than non-
diabetics (p<.05).

In all diagnosis groups, higher CC (better cognitive performance) was associated with higher
baseline MMSE, younger age, being female, white, non-Hispanic, higher education, and no
history of stroke, or depression.

Domain Specific Performance over Time

Table 2 also reports estimated effects of diabetes on performance in memory, attention,
language, and executive function domains by diagnosis groups. Predicted domain specific
subscores by diagnosis group and diabetes status are shown in Figure 2.

In the cognitively normal group, diabetics had lower scores at baseline in attention and
executive function domains (by —0.066+0.013 and —0.015%0.006 points, respectively) than
non-diabetics, but had similar scores in memory and language domains. Over time, in non-
diabetics, subscores on attention, language, and executive function domains declined
significantly, but memory subscores improved. There was a small but significant negative
interaction between diabetes and time for language and executive function domains,
indicating an accelerated decline in these domains in diabetics compared to non-diabetics.
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In the aMCI group, diabetics had lower scores in attention and executive function domains
than non-diabetics at baseline, but similar scores in memory and language domains. In non-
diabetics, all domain subscores declined over time. There was a small but significant positive
interaction between diabetes and time in memory, attention, and language domains,
indicating slower decline in diabetics in these domains than non-diabetics.

In the naMCI group, diabetics and non-diabetics had similar scores in all sub-domains. In
non-diabetics, all domain specific subscores declined over time. There was a small but
significant positive interaction between diabetes and time in executive function domain,
indicating slower decline in diabetics than non-diabetics.

Sensitivity Analyses

Because subjects may differ systematically by length of follow up, we compared subjects’
characteristics for those who had 1, 2, or 3+ follow up assessments. In subjects who were
cognitively normal at baseline, there were 1,193, 941, and 3,194 non-diabetic and 168, 147,
and 344 diabetic subjects who have had 1, 2, or 3+ follow up assessments, respectively.
Subjects who were followed up longer were slightly older at baseline (76.7+7.3 in those
with 3+ follow up vs. 75.9+7.6 in those with 1 follow up), less likely to be male (34.3% in
those with 3+ follow up vs. 35.2% in those with 1 follow up), and white (87.1% in those
with 3+ follow up vs. 79.0% in those with 1 follow up), but there was no systematic
differences in baseline diabetes status by length of follow up. Similar differences were
observed in aMCI and naMCI subjects. To examine whether estimated effects differed for
subjects with different lengths of follow up, we re-estimated the same models using
subsamples by length of follow up. Results were remarkably consistent with those reported
here, providing confidence that these results are not biased from different lengths of follow

up.

DISCUSSION

In this study we compared longitudinal trajectories of cognitive performance in a well-
characterized national sample of non-demented subjects with and without diabetes. We
found significantly more diabetics in MCI groups compared to the group with normal
cognition. In all diagnosis groups, at baseline, diabetics had worse overall cognitive
performance than non-diabetics. Over time, performance in cognitive composite declined in
non-diabetics. In the normal cognition group, diabetics had a slightly faster rate of decline
compared to non-diabetics. Perhaps surprisingly, in MCI groups, diabetics had a slightly
slower rate of decline compared to non-diabetics.

After adjusting for demographic and clinical features, our examination of specific cognitive
subdomains showed that in the memory domain, there was no significant difference between
diabetics and non-diabetics at baseline in any diagnosis groups. In the cognitively normal
group, there was a small improvement over time, with no differential rate of decline between
diabetics and non-diabetics. In the MCI groups however, there was a small decline over time
in memory in non-diabetics, but the rate of decline seemed to be mitigated in diabetics. In all
non-memory domains, performance at baseline was worse in diabetics than non-diabetics.
Over time, in all diagnosis groups, performance in all non-memory domains declined in non-
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diabetics. In the cognitively normal group, diabetics had a slightly faster rate of decline over
time compared to non-diabetics in language and executive function domains. In MCI groups,
diabetics showed significantly less deterioration than non-diabetics in all domains.

Taken together, our results suggest that a static deficit of diabetes may be present in this
cohort. The trend toward an improvement in memory suggests that this deficit may be non-
amnestic in nature. The slower rate of deterioration in diabetics also suggests a static deficit
rather than a progressive one. It is important to note that although results reported here are
statistically significant, the magnitudes of these effects are small.

If diabetes is suspected to be a risk factor for AD, one might predict that diabetics’
performance in cognitive testing would be similar to those with MCI. Rather, the deficits
observed were primarily non-amnestic in nature, with attention and executive function
domains significantly affected in diabetic subjects. As such, distinct cognitive profiles
suggest distinct underlying biology. It is worth noting that in cross-sectional analyses,
diabetes was associated with a lower score in most cognitive domains. This could inflate
epidemiologic estimates of cognitive impairment and dementia among diabetics, particularly
when cognitive screening techniques are used for detection. Alternatively, as diabetics are at
increased risk for small-vessel disease, which has been shown to impair prefrontal cortex
processing tasks such as executive function and attention, our findings are consistent with
several earlier reports,31:32 and support a model of cognitive decline due to the association of
diabetes with vascular disease.

There are several limitations of the study. First, this highly educated volunteer group who
participated in research at NIA-supported ADCs may not be representative of the general
population. In particular, this cohort likely under-represents the prevalence and severity of
diabetes in the general population and may have characteristics that can mitigate the effect
of diabetes on cognition. For example, better education may help individuals improve
diabetic control and lifestyle modification, and may reduce the impact of diabetes on
cognitive impairment. Second, we are reporting on cognitive scores without regard to
whether they reflect clinically significant deficits. Third, report of diabetes is based on
medical history and is without confirmatory laboratory results. That being said, previous
studies have shown that self-reported physician-diagnosed diabetes has strong reliability.
Confidence in the classification of diabetics vs. non-diabetic diagnosis also is increased by
corroborating data on diabetic medication treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Predicted Cognitive Composite Score, by Diabetes Status and Diagnosis Group
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Figure 2.

Predicted Domain Specific Subscores, by Diabetes Status and Diagnosis Group
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