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4. Rationale:

Hypoglycemia is an acute complication of diabetes that, when severe, can result in coma,
seizures, or even death and requires emergency medical treatment. Previous research has
demonstrated that persons with diabetes mellitus who have a history of severe
hypoglycemia are at increased risk of cardiovascular disease (Goto 2013, Yeh 2015).
However, it remains unclear whether hypoglycemia is causally linked to cardiovascular
events or is merely a proxy of vulnerability. It has been posited that hypoglycemia and
the immediately subsequent chain of biological reactions could be a trigger in already
vulnerable individuals to make them more susceptible to future cardiovascular events
(Pistrosch 2015, Leong 2012). It is also possible that hypoglycemia may directly cause
microvascular damage to the heart; the activation of the sympathetic nervous system
promotes coagulation and impairs endothelial function, which could lead to blockages in
the microvasculature and thus micro-ischemia (Frier 2011).

Cardiac troponin T (cTnT) is a biomarker of cardiac necrosis and has been used for many
years to diagnose myocardial infarction. Recently, highly-sensitive (hs) assays have been
developed, enabling detection of extremely low levels of circulating troponin in the
general population. These minute elevations on hs-cTnT are thought to reflect chronic
myocardial damage (Jeremias 2005). Indeed, prior studies have demonstrated that hs-
cTnT strongly and independently predicts future cardiovascular events and mortality in
asymptomatic populations with no history of cardiovascular disease (Saunders 2011).

It is unknown whether hypoglycemia is associated with hs-cTnT in adults with diabetes.
The ARIC study has information on both hypoglycemia and rigorous measurements of
hs-cTnT allowing us to investigate the observed association in a community-based
setting. If the association is present, it could suggest that subclinical myocardial injury is
at least a partial mediator of the observed association between hypoglycemia and elevated
risk of cardiovascular disease and mortality. Improved understanding of the risks of
hypoglycemia will help inform ongoing debates on appropriate glucose targets for older
adults with diabetes.

5.  Main Hypothesis/Study Questions:

Research Question: Among older adults with diabetes, is a history of severe
hypoglycemia associated with a greater prevalence of elevated high-sensitivity cardiac
troponin T?

Hypothesis: Among older adults with diabetes, compared to those who have not
experienced severe hypoglycemia, individuals with prior severe hypoglycemia will
be more likely to have elevated cardiac troponin T, a measure of chronic myocardial
damage.

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: Cross-sectional analysis at visit 5

Inclusion criteria: Diagnosed diabetes by visit 5, by self-report or use of glucose-lowering
medications

Exclusion criteria: Missing troponin measurements or other covariates.

Exposure: Severe hypoglycemia prior to visit 5, assessed with ICD-9 codes from
ARIC/CMS hospitalizations and from linked CMS data on emergency department visits
and observational hospital stays. Hypoglycemia will be identified by ICD-9 diagnosis
codes 251.0 (hypoglycemic coma), 251.1 (other specified hypoglycemia), 252.2
(hypoglycemia, unspecified), 962.3 (poisoning by insulins and antidiabetic agents) in first
position with 250.x (diabetes) in any other position, and by 250.8 in first position (in the
absence of 681.xx, 682.xx, 686.90, 707.xx, 730.27, and 731.8). This follows a validated
algorithm by Ginde et al., but is modified slightly to exclude 270.3 (leucine-induced
hypoglycemia), 775.0 (hypoglycemia in infants), and 775.6 (neonatal hypoglycemia).

QOutcome: Elevated troponin, defined as high-sensitivity cardiac troponin T (hs-cTnT)
>14ng/L at Visit 5. We will also conduct sensitivity analyses to examine other possible
cutpoints to define elevated hs-cTnT.

Statistical Analysis: As prior coronary heart disease and heart failure are important for
the interpretation of hs-cTnT in an asymptomatic population, we will conduct all analyses
either stratified by a history of these diseases or with an interaction term with
hypoglycemia, as appropriate.

First, we will assess the crude prevalence of elevated troponin in individuals with
and without prior hypoglycemia. Second, we will conduct logistic regression to examine
whether the odds of elevated troponin are higher in individuals with a prior episode of
severe hypoglycemia. Due to limited sample size of individuals with a prior
hypoglycemic event (we anticipate approximately 60 of the roughly 2000 individuals
with diagnosed diabetes will have a history of severe hypoglycemia), we will try to keep
our models parsimonious after adjusting for the most important confounders of age, sex,
race, and diabetes duration. We will evaluate other covariates, including diabetes
medication use, BMI and smoking as potential confounders and eGFR and blood pressure
and/or hypertension as potential mediators.

Limitations: A primary limitation will be the low number of severe hypoglycemia events
detected in ARIC and correspondingly low statistical power to detect small to moderate
associations. There are few individuals with diabetes who attended visit 5 and had a
positive history of severe hypoglycemia (~60 events total). Power will be even more
limited to examine associations stratified by history of clinical cardiovascular disease.
Selection bias is another concern, since a high proportion of participants who had
hypoglycemic episodes did not attend visit 5. Those who did not attend are likely to be



sicker and to have elevated troponin compared to those who attended, which could result
in a strongly conservative bias (bias towards the null) in our data. Finally, residual
confounding is always possible, and in this case, it is likely that adjusting for the duration
of diabetes (which is substantially different between those with and without
hypoglycemia) is not fully capturing the difference in diabetes severity and duration
between the two groups. This could make hypoglycemia appear to be more strongly
associated with elevated troponin, when in fact hypoglycemia is merely a proxy for more
severe diabetes or a marker of vulnerability.
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