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Abstract.
Background: Diabetes has been shown as a risk factor for cognitive impairments. However, it is still not clear about the
time course of developing abnormal cognition in those with diabetes especially if the morbidity accelerates the cognitive
deterioration process.
Objective: To study how diabetes is related to the abnormal cognition development.
Methods: A retrospective analysis was performed using data collected by the National Alzheimer’s Coordinating Center.
Incidence, prevalence, and age at onset (AAO) of either mild cognitive impairment (MCI) or dementia were compared
between participants with and without diabetes.
Results: During a follow-up period of more than 10 years, the diabetic group had a higher incidence and prevalence of MCI
or dementia than the non-diabetic group. However, the AAO of either MCI or dementia was independent of the diagnosis of
diabetes.
Conclusion: Although diabetic patients have a higher incidence and prevalence of abnormal cognition than those without
diabetes, diabetes does not accelerate the cognitive deterioration process.
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INTRODUCTION

In 1996, a positive association was reported
between diabetes and dementia from the Rotterdam
study [1]. In 2007, diabetes was shown to be related to
an increased risk of mild cognitive impairment (MCI)
[2]. In 2015, both type 1 and 2 diabetes were shown
for being associated with an elevated risk of demen-
tia [3]. On the other hand, diabetes was found to
be more prevalent among these diagnosed with MCI
than among those who were cognitively normal [4].
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Further, even newly diagnosed diabetes was found
to be associated with a 16% increase in dementia
risk among seniors (>or = 66 years old) [5]. From a
prospective cohort study, adults with diabetes starting
in their midlife had a greater global cognitive decline
than those without diabetes [6]. However, the time
course of developing an abnormal cognition has been
rarely studied in those with diabetes, and it is not clear
if the existing morbidity of diabetes plays a role in the
cognitive deterioration process. Using the National
Alzheimer’s Coordinating Center’s uniform data set
(NACC-UDS), elders with a normal cognition at the
baseline were identified (N = 8846). The role of dia-
betes as a risk factor for cognitive impairment was
investigated by comparing incidence, prevalence, and
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age at onset (AAO) of MCI or dementia between par-
ticipants with and without documented diabetes who
were followed for more than 10 years.

METHODS

Participants

National Alzheimer’s Coordinating Center
(NACC)combines information collected from par-
ticipants of all Alzheimer’s disease centers (ADC)
funded by National Institute on Aging (NIA) [7].
Participants were recruited from different sources
including references from a relative, friend, or
clinician, ADC solicitation, non-ADC media appeal,
and other community outreach efforts [8]. Demo-
graphic information, medical history, neurological
examination, and neuropsychological assessment
were collected during annual visits [9]. Participants
included in the current study met the following two
criteria: who were evaluated between 06/09/2005
and 08/14/2016 as part of the Uniform Data Set
(UDS); who had a diagnosis of normal cognition
(NC) at the baseline. Participants were classified
into either the diabetic group or the non-diabetic
group based on their medical history recorded in the
UDS. In total, there were 8,846 participants at the
baseline, of which 379 had diabetes and 8467 did
not have diabetes. However, information on diabetes
subtypes (type 1 or 2) was not collected for those
with participants with diabetes at the baseline.

Cognitive diagnosis

As part of the UDS, cognitive assessment data
were collected from participants on an approximately
annual basis [8]. If one visit missed the annual
follow-up visit window, the next assessment would
be accepted by the NACC as the subsequent visit.
Cognitive diagnoses were made either by a sin-
gle clinician or a multi-disciplinary consensus team
using neuropsychological performance, neurological
examination results, and medical history details. Cog-
nitive diagnosis classifications relevant to the current
study include NC, MCI, and dementia.

NC was defined by 1) Clinical Dementia Rating
(CDR) = 0 (no dementia) [10]; 2) no deficits in activ-
ities of daily living directly attributable to cognitive
impairment; and 3) no evidence of objective cog-
nitive impairment. NC was defined as performance
falling less than 1.5 standard deviations within the
age-adjusted normative mean on neuropsychologi-

cal tests assessing language, attention, memory, and
executive functioning [8].

MCI determinations were based upon Petersen cri-
teria [11] and defined as 1) a CDR ≤ 0.5 (reflecting
mild severity of impairment); 2) relatively spared
instrumental activities of daily living; 3) objective
cognitive impairment in at least one domain (i.e.,
performance falling greater than 1.5 standard devi-
ations outside the age-adjusted normative mean in
memory, language, attention, or executive function-
ing) or a significant cognitive decline over time on
the neuropsychological evaluation; 4) Mini-Mental
State Examination (MMSE) ≥23 [12, 13]; 5 report of
a cognitive change by the patient or informant or as
observed by a clinician; and 6) absence of dementia.

Dementia was defined as meeting criteria for
Alzheimer’s disease (AD) [14] or other dementias
[15–20] defined as 1) objective cognitive impairment
(i.e., performances falling greater than 1.5 standard
deviations outside the age-adjusted normative mean)
in at least two cognitive systems (i.e., memory, lan-
guage, attention or executive functioning); and 2)
cognitive impairment contributes directly to impaired
activities of daily living.

Statistical analysis, tables, and figures

SPSS (version 24.0) was used for all statistical
analyses. Descriptive analyses of demographic and
clinical variables in diabetics versus non-diabetic
participants were conducted. Means (and standard
deviation) or frequencies were calculated for the
demographic variables of age, education, sex, and
APOE�4 carrier status [21]. Two-sample t-tests were
used to compare age and education between the dia-
betic and non-diabetic groups. Chi-square tests were
used to compare the sex and APOE�4 carrier status
between the diabetic and non-diabetic groups. Both
demographic information and APOE �4 carrier status
are comparable between the diabetic and non-diabetic
groups (Table 1).

The incidence of MCI or dementia as well as mor-
tality were compared between participants with and
without diabetes during the whole follow-up period of
more than 10 years. The prevalence of MCI or demen-
tia was also calculated between participants with
and without diabetes and plotted against the annual
follow-up visits. A two-way analysis of covariance
(ANCOVA) model was used to evaluate the effect of
diabetes on the AAO ofMCI or dementia with con-
trolling baseline age, education, sex, and APOE �4
carrier status as possible confounding factors. Data
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Table 1
Participants with and without diabetes had comparable demographic and genetic information

Diabetic group (n = 379) Non-diabetic group (n = 8467)

Age (y) 72.13 ± 9.46 72.06 ± 10.53
Education (y) 15.48 ± 3.23 15.84 ± 2.92
Sex (M/F) 145/234 (38.26%/61.74%) 2868/5599 (33.87%/66.13%)
APOE �4 (+/–/unknown) 96/231/52 (25.33%/60.95%/13.72%) 2146/5026/1295 (25.35%/ 59.36%/15.29%)

Both age and education are shown in the format of mean ± SD. APOE, Apolipoprotein epsilon; M, male; F, female; SD, standard deviation.

were presented in the form of mean ± standard devi-
ation, and p < 0.05 was considered as significant in
all statistical analyses. Figures were created using
Microsoft Excel or Sigma plot (version 10.0).

Standard protocol approvals, registrations, and
patient consents

Written informed consent was obtained from par-
ticipants at each participating ADC. Research using
the NACC database was approved by the University
of Washington Institutional Review Board (IRB).

Data availability statement

Data and analytical methods are carefully docu-
mented for the performed study. Anonymized data
will be shared by request from any qualified investi-
gator with following the NACC regulations on data
use.

RESULTS

During the follow-up period, the diabetic group
had a higher incidence rate for either MCI or demen-
tia than the non-diabetic group (Table 2). In other
words, participants with diabetes are more likely to
develop and be diagnosed with MCI or dementia.
The risk ratios for MCI and dementia are 1.46 and
1.61, respectively, for participants with diabetes over
those without diabetes (Table 2). By contrast, the
diabetic group had a slightly lower mortality than
the non-diabetic group. During the whole follow-up
period, the mortality rate for the diabetic participants
is 4.75% (18/379), which was slightly lower than
that for the non-diabetic group of 6.44% (545/8467).
However, the age of death for participants with pre-
existing diabetes was 89.12 ± 6.77 (N = 18), which
was comparable to the same measure for those with-
out diabetes of 89.06 ± 8.3 (N = 545, p = 0.99).

The prevalence of MCI or dementia was compared
at each follow-up visit between the diabetic group
and the non-diabetic group. In total, there were 10
visits including 1 baseline visit and 9 follow-up vis-

Table 2
The incidence of mild cognitive impairment (MCI) or dementia
as well as mortality were compared between participant with and

without diabetes

Diabetic group Non-diabetic group Risk ratio

MCI 25.27% (92/364) 17.21% (1419/8244) 1.47
Dementia 10.03% (38/379) 6.15% (521/8467) 1.63
Mortality 4.75% (18/379) 6.44% (545/8467) 0.74

Fig. 1. The diabetic group had a higher prevalence of mild cogni-
tive impairment (MCI) than the non diabetic group.

Fig. 2. The diabetic group had a higher prevalence of dementia
than the non diabetic group.

its (Figs. 1 and 2). The average MCI prevalence was
30.66 ± 3.09% for the diabetic group, which is sig-
nificantly higher than the counterpart measure for
the non-diabetic group of 22.32 ± 2.75% (p < 0.001).
For MCI, the prevalence is always higher in the dia-
betic group than the non-diabetic group (Fig. 1).
As expected, the prevalence of dementia was higher
in the diabetic group than the non-diabetic group
(p = 0.01). The average prevalence of dementia was
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Fig. 3. Age at onset (AAO) of mild cognitive impairment (MCI)
or dementia were compared between participants with and without
pre-existing diabetes (D).

5.82 ± 3.19% for the diabetic group as compared to
4.77 ± 2.56% for the non-diabetic group. The only
exception is that the prevalence of dementia was
slightly lower for the diabetic group (2.35%) than
the non diabetic group (2.88%) at the third follow-up
visit (Fig. 2).

For participants with diabetes, the AAO of MCI
was 80.18 ± 0.97 years (95% CI: 78.28–82.07,
N = 92), which is not significantly different from
the same measure from the non-diabetic group
of 80.26 ± 0.25 years (95% CI: 79.78–82.75,
N = 1410, p = 1) (Fig. 3). The AAO of dementia was
85.95 ± 1.50 years (95% CI: 83.00–88.89, N = 38) for
participants with diabetes, which is not significantly
different from the same measure from those without
diabetes of 84.78 ± 0.41 years (95% CI: 83.98–85.57,
N = 518, p = 1) (Fig. 3). By contrast, the AAO of
dementia was significantly greater than the AAO of
MCI, which is independent of the baseline diagnosis
of diabetes (p < 0.001).

DISCUSSION

Our current study has verified diabetes as a risk fac-
tor of cognitive impairments measured by increased
incidence and prevalence of MCI or dementia during
a follow-up of more than 10 years. In other words,
people with diabetes are more likely to develop and be
diagnosed with cognitive impairments. The risk ratios
for both MCI and dementia in people with diabetes
are comparable to what have been reported in earlier
studies (Table 2) [3, 22]. Unexpectedly, a diagnosis of
diabetes at the baseline is associated with a slightly
lower mortality than those with diabetes. The peo-
ple with diabetes might see their healthcare providers

more often than the comparison group. However, the
underlying reason need be further investigated.

The AAO for MCI is around 80 years old, which
is 5–6 years younger than the AAO for dementia
on average. However, the AAO of either MCI or
AD is independent of the pre-existing diabetes. Then
the question remains: how does diabetes as existing
morbidity increase the risk of abnormal cognition
development? Vascular disease and severe hypo-
glycemia are believed to post the greatest risk for
dementia in a people with newly diagnosed diabetes.
Besides hypoglycemia, hyperglycemia was reported
to be associated with poor baseline cognitive per-
formance or accelerated cognitive decline [23, 24].
However, we did not observe an accelerated cogni-
tive decline in participants with diabetes compared
to their non-diabetic counterparts. It is worthy to
note that participants comprising the NACC dataset
represent a convenience sample, including clinical-
referrals and community-based volunteers who are
predominantly Caucasians and well-educated. There-
fore, the participants with diabetes have a relatively
decent care for their known morbidity.

The use of the NACC UDS represents a number of
strengths including a large sample size, a comprehen-
sive and standardized neuropsychological protocol,
and standardized diagnostic criteria for differentiat-
ing cognitive impairments (MCI or dementia) from
normal cognition (NC). The diagnostic criteria for
NC, MCI, and dementia are standard across all partic-
ipating ADCs. The longitudinal follow-up represents
an important methodological strength, allowing us
to better dissect the role of a pre-existing diagno-
sis of diabetes in increasing the risk of cognitive
impairments. Despite these strengths, there are some
limitations for the current study. Presence of dia-
betes is based on a self-reported medical history and
treatment information, which might bring some infor-
mation bias. Although both duration and subtype of
diabetes have important effects on the declining rate
of cognitive functions [6, 25], this information is not
available in the NACC-UDS.

To summarize, diabetes is a risk factor for devel-
oping cognitive impairments. Although it does not
accelerate the cognitive deterioration process, dia-
betes increases the risk of developing abnormal
cognition by increasing incidence and prevalence of
either MCI or dementia. Therefore, it is important
to monitor cognitive performance in elders with dia-
betes, perform regular evaluations and implement
timely interventions to prevent or delay the onset of
cognitive impairments including dementia.
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