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Hypoglycemia among individuals with diabetes has been related to a variety of clinical outcomes. 

Accruing evidence indicates that hypoglycemia is strongly linked to incident cardiovascular 

disease (CVD). Indeed, our group has previously shown that severe hypoglycemic was associated 

with increased CVD and mortality risks among the Atherosclerosis Risk in Communities (ARIC) 

study participants who attended visit 4 (1996-1998).1 However, since then, there have been 

subsequent ARIC follow-up examinations, including much older individuals. Hypoglycemia tends 

to be more common in older adults with diabetes,2 with a doubling of its frequency for each 

additional decade of life after age 60 years.3 Age-related physiological changes in the 

pharmacokinetics of oral medications and insulin makes older individuals more vulnerable to 

hypoglycemia.4 Furthermore, the adaptive response to hypoglycemia is critically lost in elderly 

patients with diabetes.1 Given the age-related changes to the endocrine, neurologic and 

cardiovascular systems among older individuals, it is possible that the association of hypoglycemia 

with CVD may be of particular importance in an older population of individuals with diabetes.  

The mechanistic pathways through which hypoglycemia leads to CVD remains unclear. 5,6 We 

have previously shown a strong link between hypoglycemia and subclinical cardiac damage in 

older adults in ARIC;5 however, it is unclear whether subclinical cardiac damage related to 

hypoglycemia translates into subclinical cardiac dysfunction and ultimately overt heart failure. 

Hypoglycemia may also contribute to cardiac dysfunction through autonomic dysfunction, a key 

component of heart failure pathogenesis.7 Indeed, hypoglycemia may coexist with or trigger 

autonomic dysfunction, with the latter related to hypoglycemia-associated autonomic failure.8 

Hypoglycemia also carries a potential for arrhythmias,9 and it is therefore possible that older 

individuals experiencing hypoglycemia are at high risk of sudden cardiac death, especially given 

the high prevalence of coronary heart disease, systolic dysfunction, and heart failure in this 

population. 

Using data from visit 5 of the Atherosclerosis Risk in Communities (ARIC) study, we aim to assess 

the association of severe hypoglycemia with subclinical CVD and CVD (new onset events and 

recurrent CVD events), and mortality among older individuals with diabetes.  

 

5. Main Hypothesis/Study Questions: 

Among older individuals, severe hypoglycemia will be positively associated with: 

1) subclinical CVD, specifically alterations in cardiac structure and/or function;  

2) a higher incidence of global CVD (coronary heart disease [CHD], stroke, heart failure, or 

atrial fibrillation); 

3) a higher incidence of all-cause mortality. 

 

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). 

 

Inclusion/Exclusion criteria 

Individuals will be participants of the ARIC study, with a diagnosis of diabetes based on either 

self-report or diabetes medication use at visit 5 (2011–2013). The cross-sectional analyses will 

include those who underwent an echocardiographic assessment at visit 5. To assess the influence 

of hypoglycemia on incident outcomes (prospective analysis), we will include participants that 

attended visit 5. We will exclude individuals without data on the relevant covariates. 

 



Exposure  

Our exposure will be severe hypoglycemia prior to visit 5. The identification of severe 

hypoglycemia was done using the relevant International Classification of Disease (ICD)-9 code in 

primary position, derived from records of hospitalizations, emergency department visits and 

ambulance calls.  

 

Outcomes  
The outcomes will be of two types:  

- Cross-sectional outcomes, which include cardiac indices assessed at visit 5 (2011–2013): 

left ventricular end diastolic volume (LVEDV), left ventricular end systolic volume 

(LVESV), left ventricular (LV) mass, relative wall thickness (RWT), LV ejection fraction 

(LVEF), right ventricular fractional area change (RV FAC), left atrial volume (LA), E-A 

ratio, and septal E/E′.  

- Incident outcomes (new or recurrent outcomes) after visit 5: cardiovascular disease 

(composite of CHD, stroke, heart failure, and atrial fibrillation), heart failure, and all-cause 

mortality. 

 

Covariates  

The covariates include age, sex, race-center, income, smoking status, duration of diabetes, degree 

of blood glucose control (as assessed by glycosylated hemoglobin [HbA1C]), use of diabetes 

medications (oral medications or insulin), estimated glomerular filtration rate (eGFR), 

albuminuria, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure 

(DBP), use of hypertension medication, hypertension status, LDL-cholesterol, HDL-cholesterol, 

cholesterol-lowering medication use, history of coronary artery disease/myocardial infarction, 

history of heart failure, and history of atrial fibrillation.  

 

Statistical analysis 

Cross-sectional analyses 

We will use multivariable linear regression models to assess the association between the history 

of severe hypoglycemia and each of the cardiac indices. We will also use logistic regression to 

assess the odds of having an abnormal cardiac index (left ventricular hypertrophy [LVH], LA 

enlargement, abnormal E-A ratio, abnormal septal E/E′, or abnormal GLS) by history of 

hypoglycemia. All the cross sectional regression models (linear or logistic) will include the 

following adjustment variables: age, sex, race-center, smoking status, use of insulin, HbA1C, BMI, 

hypertension status, and heart rate.  

Prospective analyses  

For the prospective analyses of the association of severe hypoglycemia with cardiovascular 

outcomes and all-cause mortality using Cox proportional hazard regression (negative binomial 

regression for analyses including recurrent events). We will adjust for the following potential 

confounders: age, sex, race-center, smoking status, use of diabetes medications, duration of 

diabetes, HbA1C, eGFR, albuminuria, hypertension status, LDL cholesterol, HDL cholesterol, and 

cholesterol lowering medication use.  

We will specifically assess whether severe hypoglycemia related to incident HF using Cox 

proportional hazards (negative binomial regression for analyses including recurrent events) 

models. The HF analysis will include the following adjustment variables: age, sex, race-center, 



smoking status, heart rate, HbA1C, eGFR, BMI, hypertension status. In a subsequent model, we 

will additionally adjust for prevalent CHD and a history of myocardial infarction.  

For each of the Cox models, we will verify the proportional hazards assumption by inspecting 

negative log-log survival plots. 

For the analyses including recurrent events, we will further perform a stratification by the prevalent 

disease status at baseline. 

 

Limitations 
The potential limitations of our study include a somewhat limited power to detect association for 

some of the outcomes, due to a small number of hypoglycemia events (possibly linked to the 

rigorous method of identification) on one hand, or a small number of outcome events on the other 

hand. In addition, we will not capture changes in covariates over time (including diabetes 

medications that may change). 
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