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4. Rationale:

Among middle-aged adults, J-shaped curves between hemoglobin Alc (HbAlc) and
mortality have been reported. However, there has been little characterization of this association
among older adults. Moreover, given the uncertainty over what constitutes appropriate glycemic
control in older adults, an examination of the HbAlc-mortality relationship specific to this life
stage may inform diabetes care in older adults.



Few studies have examined the HbAlc-mortality relationship in older adult populations
with and without diabetes.®'2 As HbAlc is a treatment target in diabetes, explanations for any
link between low HbAlc with mortality and other outcomes are likely to differ in the setting of
diabetes compared to nondiabetic populations. For example, in individuals with diabetes, low
HbA1c may reflect tight glycemic control or overtreatment.

Additionally, accumulating research suggest that strength of associations between risk
factors and outcomes may differ across the life course; for example, risk factors in mid-life tend
to be more strongly related to outcomes than in late-life.'>® Therefore, examining the HbAlc-
mortality relationship among older adults with and without diabetes may extend our
understanding of the association when assessed in mid-life.

HbA1c has been examined in relation to a variety of outcomes, such as microvascular
outcomes (chronic kidney disease, end-stage renal disease, retinopathy),! cardiovascular
disease,? and all-cause mortality?® among ARIC participants without diagnosed diabetes, when
they were middle-aged. When specific causes of death were examined, no one specific cause of
death accounted for the elevated risk among individuals with low HbA1c.® Some**® but not all**-
12 of the other studies conducted among individuals without diabetes have reported J-shaped
curves between HbAlc and mortality.

Liver disease has been suggested as one explanation for low HbAlc and its association with
elevated risk of mortality and other adverse health outcomes.** Among NHANES participants
without diabetes who were aged <20 years old,*® low HbA1c (<4.0%) was associated with higher
odds of having elevated liver enzymes [alanine aminotransferase (ALT), aspartate
aminotransferase (AST)], and steatosis as compared to those with HbA1c between 5.0-<5.5%.3
In middle-aged ARIC participants without diabetes, a J-shaped curve between HbA1c and risk of
liver hospitalizations has also been reported.® Anemia and conditions relating to red-cell turnover
is another plausible explanation linking low HbA1c and mortality.

We aim to test whether HbALlc is associated with mortality and other outcomes (CVD
mortality, CVD, liver hospitalizations) in older adults with and without diabetes.

5. Main Hypothesis/Study Questions:
Is hemoglobin Alc associated with death and other outcomes (CVD mortality, CVD, liver
hospitalizations) in older adults with and without diabetes?

We hypothesize that there will be a J-shaped association among older adults with diabetes and
also without diabetes.

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



This analysis will be prospective from visit 5 (baseline) through 2017 or most recent available,
stratifying by prevalent type 2 diabetes. Participants who attended visit 5 and have an HbAlc
measurement will be eligible for this analysis.

Participants with incomplete information on prevalent diabetes at visit 5 will be excluded.
Additionally, participants who are neither black nor white as well as black participants at the
Maryland and Minnesota centers will be excluded.

Variables

Exposure

HbA1c was measured in whole blood using a Tosoh G7 automated high-performance liquid
chromatography analyzer (Tosoh Bioscience), which was standardized to the Diabetes Control
and Complications Trial assay.

Secondary exposures

We will include fructosamine and glycated albumin as secondary exposures to help interpret any
non-linear associations with outcomes (glycemic vs non-glycemic) since these biomarkers both
correlate so highly with HbA1c (Pearson’s r~0.8 at ARIC visit 2).1” Fructosamine and glycated
albumin were both measured in serum. Fructosamine was analyzed using a colorimetric assay on
the Roche Modular P800 Chemistry Analyzer (Roche Diagnostics). Glycated albumin was
measured using a complex method by Asahi Kasei Pharma adapted to the Roche Modular P800
Chemistry Analyzer.

Primary outcome
All-cause mortality identified through semiannual follow-up telephone calls, state records, and
National Death Index linkage.

Secondary outcomes

e Cardiovascular disease (CVD) mortality based on ICD-9 or ICD-10 codes from death
certificates for cardiovascular causes (390-398, 401-404, 410-427, 430-438, 440-448,
451-459, 100-178).

e CVD events will include coronary heart disease (defined as either definite or probable
myocardial infarction or definite fatal CHD), stroke (definite or probable), and heart
failure.

e Liver hospitalizations based on hospital discharge records which include 1CD-9 codes
570.0-573.9 or ICD-10 codes K70-K77 anywhere.

Covariates = age, sex, race-center, smoking status, drinking status, body mass index (BMl),
systolic blood pressure, antihypertension medication use, estimated glomerular filtration rate
(eGFR), high density lipoprotein (HDL) cholesterol, total cholesterol, cholesterol-lowering
medication use

Stratification variable = Diagnosed type 2 diabetes will be defined as self-report physician
diagnosis or current medication use for diabetes.




Data Analysis

We will present baseline (visit 5) participant characteristics across HbAlc categories, stratified
by diagnosed diabetes status. We will also describe liver enzymes (ALT, AST, GGT) and
hemoglobin measures across HbAlc and diabetes status. Restricted cubic splines will be used to
more flexibly model associations between HbAlc and outcomes, stratified by diabetes status. We
will categorize HbAlc among participants without diabetes as <5.0%, 5.0-<5.7%, 5.7-<6.5%,
and >6.5% (undiagnosed diabetes), and among those with diagnosed diabetes as <6.5%, 6.5-
<7.0%, 7.0-<7.5%, 7.5-<8.0%, and >8.0%.

Multivariable Cox proportional hazards regression models will be used to examine the
association between HbA1c and outcomes among participants with and without diabetes. We
will construct a series of models proposed below. A similar analytic approach will be used for
the secondary exposures fructosamine and glycated albumin.

e Model 1 = age, sex, race-center

e Model 2 = Model 1 + educational attainment, smoking status, drinking status, physical
activity score, BMI, systolic blood pressure, antihypertension medication use, eGFR,
HDL, total cholesterol, cholesterol-lowering medication use

We will test for multiplicative effect measure modification by race and anemia (defined as
hemoglobin <13.5g/dL for males and <12.0 g/dL for females). We will explore results stratified
by race (given ongoing interest in possible HbAlc racial differences), and by anemia status
(known to affect HbAlc measurements).

We will also consider using Fine and Gray’s competing risks model when CVVD mortality is the
outcome of interest.

Limitations

Residual confounding is one potential limitation. We may also have limited power for testing for
interaction and estimating moderate effects in subgroups. There may be few people with elevated
HbALc without a diagnosis of diabetes, limiting our power to detect associations of undiagnosed
diabetes with clinical outcomes.
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