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4. Rationale:

Studies have documented that compared to persons without diabetes, persons with diabetes have
greater cognitive decline and risk of dementia’™. Our work in ARIC has shown faster cognitive
decline from midlife to late-life in persons with prediabetes and diabetes compared to those
without, and in persons with poorly controlled diabetes (HbA1lc >7%) compared to those with
well-controlled diabetes (HbA1c<7%)°. However, results from studies examining diabetes
assessed in late-life with subsequent risk of cognitive decline and dementia have been mixed®*3,

The ARIC Neurocognitive Study (ARIC-NCS) provides a unique opportunity to characterize
glycemic patterns and diabetes durations using 25 years of data spanning mid-life to late-life.
This approach may better capture the complexity, and cumulative effects, of the disease, such as
longer duration and greater exposure to hyperglycemia, oxidative stress, and hyperinsulinemia,
and the development of micro- and macrovascular complications. Additionally, it allows us to
examine how selection (at visit 5) may impact estimates of cognitive decline in older age.

Understanding the life-course of diabetes and glycemia can give us insight into the etiologically
relevant time window for intervention. It can also inform whether more intensive glucose
management in older adults (and area of great debate) is associated with adverse cognitive
outcomes.

Our aims for this study are 1) to characterize glycemic patterns and diabetes duration using 25
years of data (from visits 1-5), 2) to examine associations between glycemia status at visit 5 with
subsequent cognitive decline, incident dementia, and incident mild cognitive impairment (MClI,
from visits 5-6), and 3) to examine if selection at visit 5 has an impact on subsequent cognitive
decline.

5. Main Hypothesis/Study Questions:
Aim 1
To characterize glycemic patterns and diabetes duration from mid-life to late-life (visits 1-5)

Aim 2

To examine associations between glycemia status at visit 5 (characterized in Aim 1), with

cognitive decline, incident dementia, and incident MCI
Hypothesis: Persons with longer duration of prediabetes and diabetes in late-life, compared
to persons without diabetes or with newly diagnosed diabetes, will have greater late-life
cognitive decline and conversion to MCI and dementia

Aim 3

To examine the impact of selection to visit 5 on estimates of subsequent cognitive decline,

incident dementia, and incident MCI
Hypothesis: Accounting for ARIC participants who are alive but did not attend visit 5 will
strengthen estimated associations between glycemia status and subsequent cognitive
decline, incident dementia, and incident MCI



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study design
Prospective, using visit 5 as baseline

Aim 1: Characterizing glycemia patterns from mid-life to late-life

Summary of proposed analyses:

In preliminary analyses, we will use self-report, medication, and glucose information (because of
its availability at all study visits) to categorize glycemia status at visits 5. We will investigate
adding HbA1c (visit 2, 5), the oral glucose tolerance test (visit 4), and a definition including
confirmation across tests, which is more consistent with clinical practice.

For participants who attend visits 1-5, we will define glycemia status as follows:
- No diabetes: no self-reported diagnosis, no medication use, and fasting glucose <100
mg/dL
- Prediabetes: no self-reported diagnosis, no medication use, and fasting glucose 100-125
mg/dL
- Diabetes: self-reported diagnosis, medication use, or fasting glucose >126 mg/dL

For participants without diabetes at visit 1-4, we will use annual follow-up data to identify new
cases of diabetes to estimate diabetes duration between visits 4 and 5.

We anticipate characterizing glycemia status at visit 5, the main exposure, using prediabetes,
diabetes, and duration, based on information from visits 1-5. For example, one possibility is the
6-level variable below:

- No diabetes (reference)

- Prediabetes (developed in mid-life)

- Prediabetes (developed in late-life)

- Short duration diabetes (<5 years)

- Intermediate duration diabetes (5-10 years)

- Long duration diabetes (>15 years)

Aim 2: Examining the associations between glycemia status at visit 5 (characterized in Aim 1),
with cognitive decline, incident dementia, and incident MCI

Exclusions

We will exclude participants who did not attend visit 5 or who lack cognitive status (normal,
MCI, or dementia) and cognitive performance (domain scores) data, persons of non-white or
non-black race, or non-white and in Maryland or Minnesota field centers, and persons with
dementia.

Outcomes



We will use the following variables created by the coordinating center, which are briefly
described below.

Dementia incidence between visit 5 and 6: Dementia incidence will be analyzed in two separate

groups:
Persons examined at Visit 5. Dementia will be defined using both the information from the
full Visit 6 examination with expert committee diagnosis and information captured in AFU
interviews using the Six Item Screener (S1S) and the Ascertain Dementia 8-item Informant
Questionnaire (ADS8). Date of dementia onset will be captured using the SIS and AD8, and
dementia diagnosis will be confirmed at Visit 6 in those who attend Visit 6. Participants
who attended Visit 5, but not Visit 6, and have SIS and AD8 information available from the
AFU will also be included.

Persons alive at Visit 5 who did not attend Visit 5. In order to evaluate potential selection
effects of Visit 5 attendance, we will examine separately those participants who did not
attend Visits 5, but have available SIS and AD8 data during this period. Their rate of
probable dementia based on SIS and AD8 data will be compared with the similarly-defined
probable dementia among Visit 5 attendees.

Cognitively normal: defined as all cognitive domains scores are >-1.5 Z scores or an absence of
decline in the full ARIC cognitive battery of >0.055 standard deviations per year (ARIC Visit 6
Manual 17)

Mild cognitive impairment (MCI): defined as at least one domain score <-1.5 Z scores, a CDR
sum of boxes between >0.5 and <3, an FAQ <5, and a decline on the full ARIC cognitive battery
of >0.055 standard deviations per year (ARIC Visit 6 Manual 17).

Dementia: defined based on these three criteria being met — (1) FAQ > 5 or CDR sum of boxes >
3, and (2) at least 2 domain scores < -1.5 Z scores, and (3) a decline since visit 5 on the full
ARIC cognitive battery of >0.055 standard deviations per year (ARIC Visit 6 Manual 17).

Cognitive change: We will examine change in cognitive function from visit 5 to visit 6 in
domains of memory, language, and processing speed and executive function (tests included in
each domain are shown below). Tests will be summarized using a latent variable approach, as
previously described?.

Memory Composite

Logical Memory | & II

Incidental Learning

Delayed Word Recall Test (DWRT)

Language
Animal Naming

Boston Naming Test
Word Fluency Test (WFT)



Processing speed and executive function
Trail Making Test-A

Trail Making Test-B

Digit Span Backwards

Digit Symbol Substitution Test (DSST)

Covariates

We will evaluate the following variables as confounders: age, age squared (to allow for the
usually observed accelerated cognitive decline), sex, race-center, education, cigarette smoking
and alcohol use status, body mass index, physical activity, total cholesterol, HDL, triglycerides,
hypertension, coronary heart disease, history of stroke, and APOE &4 status. Covariates will be
assessed at visit 5.

Statistical analysis

We will use Cox proportional hazards regression, with sensitivity analysis using logistic
regression (described below) to examine the association between the 6-level exposure variable
and incident MCI and dementia. This analysis will be restricted to persons categorized as being
cognitively normal at visit 5.

We will use linear regression to examine the association between the 6-level exposure variable
with late-life cognitive decline. This analysis will be restricted to participants with cognitive data
at visit 5. We will examine changes in global cognitive score and changes in domain-specific
cognitive scores.

We will use three models for these analyses:
Model 1: Crude/unadjusted
Model 2: Model 1 + age, gender, race/field center, education (demographic model)
Model 3: Model 2 + physical activity, alcohol consumption, smoking, body mass index,
apoE, hypertension, hypertension medication use, cholesterol, self-reported health
compared to others, history of coronary heart disease, and history of stroke (demographic
and cardiovascular model)

Aim 3: Examining the impact of selection to visit 5 on estimates of subsequent cognitive decline,
incident dementia, and incident MClI

Approximately 40% of persons who were alive during visit 5 (2011-2013) did not attend visit 5.
Persons who did not attend were older and were more likely to have cardiovascular risk factors
(diabetes, hypertension, be current smokers, have higher BMI, etc) at earlier study visits.

We have auxiliary information on persons who did not attend visit 5, including prior visit
information and the annual follow-up calls. We will use inverse probability of attrition weighting
to reweight the participants who attended visit 5 to represent all participants alive at visit 5. We
will use a logistic regression model (outcome=attended visit 5, yes/no) with predictors from
visits 1-4 and AFU.



We will then rerun the analyses described in Aim 2, to estimate the associations between
glycemia status at visit 5 (characterized in Aim 1), with cognitive decline, incident dementia, and
incident MCI.

Effect Modification
We will examine possible effect modification by history of coronary heart disease, history of
stroke, sex, race, and APOE &4 status through the use of stratified analyses.

Sensitivity analyses

- In analyses of cognitive changes, we will use inverse probability of attrition weighting
(IPAW) to account for drop-out between visits 5 and 6 (for aims 2 and 3)

- We will use logistic analyses instead of Cox. The long latency of dementia (usually
decades) makes it unlikely that persons would have true “incident” dementia in the
relatively short time between visits 5 and 6. Rather, participants are on a trajectory and
convert between visits 5 and 6, which makes a logistic regression more appropriate.
Additionally, follow-up time should be relatively similar for all participants between
visits 5 and 6, with variability in times due to when participants originally attended the
study visits. Thus, persons would essentially have equal follow-up times, which need to
be accounted for in Cox models.

- We will explore alternative definitions of diabetes using HbAlc from visits 2 and 5, and
using self-report and medication use only (we will only examine diabetes and duration,
not prediabetes, in this latter definition). We will also explore differences in glycemia
associations by glucose-lowering medication use.

Limitations/Challenges

- Different measures of glycemia are available at different study visits (Alc visits 2, 5;
glucose visits 1-5; OGTT visit 4; no biomarkers during AFU)

- Cognitive decline between visits 5 and 6 may be small and limit our ability to detect
differences in cognitive function across glycemia groups

- Given the large gap between visits 4 and 5, misclassification in glycemia status is likely,
and would bias results toward the null

- We will not be able to rule out the possibility of residual confounding
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