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4. Rationale:  
 Diabetes and heart failure (HF) are highly prevalent1,2 and strongly interrelated.3,4 
Community-based studies have shown that diabetes is a potent risk factor for HF, raising the risk 
by 2 to 5-fold.3,4 However, the extant studies have either not or seldom examined the effect of 
diabetes duration on the incidence of HF,5,6 and have not always accounted for the degree or 
extent of glycemic control Indeed, an autopsy study demonstrated an association between 
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diabetes duration and the extent of intrinsic myocardial lesions, not always related to coronary 
artery disease. 7 This data combined with our knowledge of the possible effects related to the 
unquantified period of hyperglycemia prior to diagnosis,8 suggests that the duration of diabetes 
will significantly affect HF incidence. Knowledge of the independent effect of diabetes duration 
on the incidence of HF can help guide a more effective identification of high-risk diabetic 
patients, who may benefit from more aggressive initiation of cardioprotective preventative 
therapies, especially in the context of emerging novel therapies such as sodium-glucose co-
transporter-2 (SGLT2) inhibitors. 9,10  

Studies of diabetes and incident HF have been limited in their ability to identify the onset 
of diabetes due to lack of antecedent measures of glycemia.3,4,7 In the ARIC study, from Visit 1 
to Visit 4, blood glucose and clinical diagnoses of diabetes were assessed every 3 years, enabling 
a relatively accurate assessment of the inception of diabetes. Although diabetes is also strongly 
associated with the development of atherosclerotic cardiovascular disease, the multitude of data 
suggesting independent effects of diabetes on the myocardium suggests that any association 
between diabetes duration and incident HF will persist even after adjustment for intervening 
ischemic events.11 
 Using Visits 1 to 4 data from the ARIC study, we aim to assess the effect of diabetes 
duration on incident HF among Visit 4 participants, hypothesizing that a longer duration of 
diabetes is associated with a greater likelihood of the development of HF, independent of  age, 
other comorbidities, intervening coronary heart disease events, and of the degree of blood 
glucose control (as assessed by glycosylated hemoglobin [A1C]). We will further examine 
whether there are demographic differences in the association between diabetes duration and HF, 
testing for interactions by age, sex and race.  

 

5. Main Hypothesis/Study Questions: 
Aim 1:  Examine whether longer diabetes duration is independently associated with incident HF, 
as compared to those without diabetes. 
Aim 2:  Examine whether the association between diabetes duration and HF, differs by the extent 
of glycemic control and the age of participants. Such an examination will allow the separation of 
the intrinsic effect of diabetes duration from that of glucose control and age. 
 
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). 
 
Design:  
Prospective cohort study of Visit 4 participants, examining the association of diabetes duration 
(based on self-reported data on diabetes status and glycemic assessments, from Visit 1 through 
Visit 4, as well as data on self-reported age of diabetes diagnosis collected at Visit 3) with 
incident HF events occurring after visit 4. We will include individuals with and without diabetes, 
with the latter serving as the reference group in analyses. 
. 
Exclusions:  
We will exclude individuals with missing data on diabetes status at each of the first 4 visits, and 
on key covariates at Visit 4. We will exclude individuals with HF diagnosis before or at Visit 4. 



We will also exclude those of non-Black or non-White race due to small numbers, and Blacks at 
Washington County and in Minnesota. 
 
Exposures:  
Diabetes duration will be the primary exposure. 
 
Diabetes status will be defined as a prior physician diagnosis of diabetes, use of hypoglycemic 
medications, a fasting blood glucose ≥126 mg/dL or a non-fasting blood glucose ≥ 200 mg/dL.  
 
Diabetes duration will be assessed using data from Visit 1 to Visit 4, in two ways: 

- We will examine diabetes diagnosis history by using a categorical variable that indicates the 
ARIC study visit of diabetes diagnosis (diagnosis at Visit 4 [1996–1999], diagnosis at 
Visit 3 [1993-1995], diagnosis at Visit 2 [1990–1992] , diagnosis at Visit 1[1987–1989]), 
with those without diabetes at visit 4 being the comparator. We will also create an 
additional category for those with prediabetes at Visit 4. Once diabetes is diagnosed, it 
will be assumed to be present thereafter.  

- We will calculate the duration of diabetes using the data on diabetes status from each visit 
(Visit 1 to Visit 4) as well as data on the self reported age of diabetes diagnosis (collected 
at visit 3). We will specifically use self-reported age of diabetes diagnosis to calculate the 
duration of diabetes for those with a prior physician diagnosis or use of hypoglycemic 
medications at Visit 1. We will model the duration of diabetes in two ways. We will first 
categorize duration as: 1-5 years, 5 to 10 years, 10 to 15 years, and more than 15 years 
(the latter 2 groups may be collapsed in stratified analyses as needed for adequate power). 
We will also model duration continuously and estimate HF risk per year of diabetes 
duration. 

I  
Covariates 
Visit 4 measures of age, sex, race-center, smoking status, body mass index, total cholesterol, 
HDL-cholesterol, systolic blood pressure, hypertension medication use, estimated glomerular 
filtration rate (eGFR), and prevalent coronary heart disease. We will also incorporate 
hemoglobin A1C (A1C) from Visits 2 and 4, in analyses considering glycemic control as an 
effect modifier of the association between diabetes duration and HF. As A1C was not measured 
at visit 4, we will use measures of glycated albumin to derive A1C, especially as correlation 
between glycated albumin and A1C is high (~0.86). through a regression model developed using 
measured A1C and glycated albumin at Visit 2. We will also consider imputing A1C values at 
visit 1 and 3.  
In additional analyses, we will consider adjustment for incident CHD after visit 4 as a time-
varying covariate. 
We will also consider adjustment for covariates at both visit 1 and visit 4, to partially account for 
their changes over time. 
 
Outcomes:  
Our main outcome is incident HF hospitalization or death after visit 4, defined by ICD codes.  
 
Statistical Analysis:  



We will derive descriptive statistics for the characteristics of participant at baseline (Visit 4) 
according to the timing of diabetes onset (Visit 1, Visit 2, Visit 3, Visit 4 or absent by Visit 4). 
The chi-square test will used for comparison of categorical variables and the appropriate 
parametric or non-parametric test for continuous variables. 
 
Cox proportional hazards survival models will be developed to examine the association between 
the diabetes duration (principally modeled categorically as described above) and the 
development of HF, as compared to individual without diabetes. We will also assess risks of HF 
per year of diabetes duration. In all analyses, we will assess duration of diabetes and incident HF 
using sequential modelling as follows:  

- Model 1 : adjusted for age, sex and race/center 
- Model 2: Model 1 + smoking status, body mass index, systolic blood pressure, use of 

blood pressure medications, total-cholesterol/HDL-cholesterol ratio, eGFR, and coronary 
heart disease 

- In sensitivity analyses, we will adjust for incident CHD after Visit 4 as a time-varying 
covariate,  

- In additional sensitivity analyses we will consider adjusting for covariates at both visit 1 
and visit 4, to account for changes over time. 
 

To more flexibly assess the association between duration of diabetes and incident HF by 
allowing for deviations from linearity, we will conduct restricted cubic spline modelling.  
 
We will conduct a priori stratified analyses, with stratification by the degree of blood glucose 
control (categorized as ≥7% at either Visit 2 or 4 or < 7% at both visits), and by age (categorized 
as ≥65 or < 65 years) to try and separate out the intrinsic effect of the duration of diabetes from 
that of the degree of blood glucose control and of the age of participants. We will also conduct a 
priori stratified analyses by race and sex. We will test for interactions of diabetes duration with 
glycemic control, age, sex and race. 
 
Secondary Analysis: 
In a secondary analysis, we will consider creating separate categories for diabetes at Visit 1 
diagnosed by glucose at the study visit only, versus diabetes diagnosed previously by a physician 
or the use of hypoglycemic medications.  
 
Limitations:  

- Residual confounding due to the observational nature of the study. 
- Lack of clarity regarding the exact timing of diabetes onset between 3-year visits from 

visits 1 to 4. 
- Survival bias associated with performing analysis among Visit 4 participants without HF, 

who are generally healthier than those with HF events or death prior to Visit 4. However, 
this is likely a conservative bias for assessing the association of diabetes duration with 
incident HF.  
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