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4. Rationale:

The prevalence of diabetes has substantially increased in the past few decades, currently
affecting over 20 million adults in the U.S™?. In addition, the U.S. population is rapidly
aging, with the number of persons 65 and older expected to reach nearly 70 million by
2030°. The health burden of diabetes in older adults is substantial, as diabetes is
associated with a number of micro- and macro-vascular complications, including
cardiovascular disease, retinopathy, nephropathy, and stroke™®. Additionally, a growing
body of evidence has found that diabetes affects performance in several cognitive

domains and is associated with greater cognitive decline and dementia® 2.

Glucose and hemoglobin Alc (HbA1c) are the standard clinical measures used in the
diagnosis and management of diabetes*. However, interest is growing in the use of non-
traditional biomarkers of hyperglycemia, specifically glycated albumin, fructosamine,
and 1,5-anhydroglucitol (1,5-AG)***', and prior studies have shown strong associations
of these non-traditional biomarkers with microvascular and microvascular outcomes,
independent of HbA1c™® 2,

1,5-AG is a monosaccharide, similar to glucose in structure. In the presence of
hyperglycemic episodes (levels above the renal threshold, approximately 180 mg/dL),
1,5-AG competes with glucose for renal re-absorption, which causes serum levels to fall.
As aresult, 1,5-AG reflects hyperglycemic excursions over a short period of time (1-2
weeks)?. Fructosamine and glycated albumin are measures of protein glycation, and
reflect glycemia over 2-3 weeks, and a recent study proposed a biological mechanism by
which glycated albumin may also reflect hyperglycemic excursions®. The separate
biology and different time-windows of glycemic exposure indicates that these non-
traditional biomarkers can be used to evaluate aspects of glycemia not captured by
HbA1c or fasting glucose. Their short-term interpretation may have advantages for
adjusting therapeutic regimens from one clinic visit to the next.

Fluctuations in glycemia have been shown to adversely affect endothelial function and
may lead to vascular damage and cognitive decline®*?. A few studies using continuous
glucose monitors (CGMs) have found associations between glycemic variability, higher
mean amplitude of glycemic excursions (MAGE), and cognitive dysfunction and brain
atrophy, independent of mean levels of glycemia and hypoglycemic episodes®® 2%, These
aspects of glycemia not captured by HbAlc, which responds to long-term glucose levels
without special sensitivity to glycemic peaks, may be particularly important to long-term
cognitive decline; however no long-term prospective studies have been conducted.

Our aim is to characterize the prospective association between glycated albumin,
fructosamine, and 1,5-anhydroglucitol and 20-year cognitive decline and incident
dementia.

5.  Main Study Questions:
Aim 1



To examine the association between fructosamine, glycated albumin, and 1,5-AG and
cognitive decline over 20 years, independently of HbAlc and other risk factors.

Aim 2
To examine the association between fructosamine, glycated albumin, and 1,5-AG and
incident dementia, independently of HbA1c and other risk factors.

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 2 as baseline

Exclusions
We will exclude participants who meet any of the following criteria:
- Did not attend visit 2
- Race other than black or white, and blacks in Minneapolis or Washington County
centers
- Missing cognitive tests at visit 2 (as a sensitivity analysis, we will impute scores
for these persons, see below)

Exposure
All biomarkers were measured at visit 2. We will examine the associations both

continuously and categorically for each marker, with categories based on HbA1c rank-
order equivalent values. For example, at visit 2, the five clinical cut-points of HbAlc
correspond to approximately the 75", 75-95™, and >95™ percentile among persons
without diabetes, and the 35™ percentile among persons with diabetes. We can use these
percentiles to similarly categorize the non-traditional markers, as has been done with
these markers previously in ARIC*?°. We can also look at these markers dichotomized at
the median within each category of HbAlc. We will also compare persons with high
values of each marker (or low levels of 1,5-AG) but a normal value of HbAlc, and
stratify by diabetes status.

Finally we will examine the markers together by potentially classifying participants into
groups. For example, participants who may have normal Alc and fasting glucose but
have elevated levels of 1 or more marker or all markers (for example). We will do
exploratory analyses to determining how best to combine the markers.

Outcomes
Aim 1:
Cognitive function was assessed in all participants at visits 2, 4, and 5 using the following
standardized tests:
- Delayed word recall test (DWRT)



- Digit symbol substitution test (DSST)
- Word fluency test (WFT)

For each test, we will calculate a Z score by subtracting the test mean and dividing by the
standard deviation. We will also create a global measure of cognitive performance by
averaging the Z scores the three tests. We will also consider the use of latent variables in
place of the individual tests (work developed by Alden Gross, MP#2215)

Aim 2:

Incident dementia will be defined as a hospitalization with an ICD-9 code of dementia.
As a sensitivity analysis, we will also examine the coordinating center-created definitions
of dementia (levels 1, 2, and 3). However these variables lack time-of-diagnosis, so a
time-to-event analysis cannot be completed.

Statistical Analysis:

Aim 1:

We will characterize our analytic population using means (standard deviations) or N (%)
for all covariates. Covariates include age, sex, race/center, education, body mass index,
hypertension, hypertension medication use, apoE genotype, smoking, alcohol use,
physical activity, and eGFR

We will analyze the relationship between each marker and cognitive function using
regression analysis and the following statistical models:
Model 1: Crude/unadjusted
Model 2: Model 1 + age, sex, race/field center, education
Model 3: Model 2 + body mass index, hypertension, hypertension medication use,
apoE genotype, smoking, alcohol use, physical activity, and eGFR
Model 4: Model 3 + Alc

We will model the associations using mixed-effects models, which account for the
correlations between repeated measures of persons over time. We will include a random
intercept, random slope for time, and will assume that the random effects are
independent.

Aim 2:

For analysis between the non-traditional markers and incident dementia, we will use Cox
proportional hazards regression. Follow-up will begin at the time of Visit 2 and will
continue to incident dementia hospitalization, dropout, death, or the administrative
censoring date December 31, 2012. We will test the non-proportional hazards assumption
using log(-log) plots and testing risk-factor-by-time interactions. We will use the same
models described above.

Effect Modification
We will examine possible effect modification by race, sex, and diabetes status and
duration




Sensitivity analyses

Propensity score analysis:

Persons with different categories of both traditional and non-traditional biomarkers,
regardless of diabetes status, may differ substantially on a number of demographic,
behavioral, and clinical characteristics (such as Alc). The lack of comparability between
these groups may limit the ability to control for confounding using traditional methods.
As an alternative, we will use a stratified, propensity score matching approach to account
for confounding.

Missing data:

Participants who do not attend follow-up visits are likely informatively different from
those who do, and may lead to biased estimated associations between the risk factors and
cognitive function. To account for dropout, we will use multiple imputation by chained
equations (MICE) to impute cognitive scores and missing covariates for persons who do
not attend follow-up visits.

Challenges/Limitations
- Single measurement of the non-traditional markers and each cognitive test
- We will not be able to rule out the possibility of residual confounding
- Dropout bias is of great concern, but use of MICE may reduce this bias
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