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4. Rationale:  



Cardiovascular disease (CVD) is the most common cause of death among persons 

with diabetes, and the presence of multiple organ damage further impacts on the 

prognosis of these individuals.
1,2,3,4,5,6,7,8,9,10

 

Among persons with diabetes, there is heterogeneity in the risk of CVD such that 

accurate risk assessment depends on a variety of individual patient characteristics, like 

number of concomitant risk factors, duration of diabetes, presence of coronary heart 

disease (CHD), overall atherosclerotic burden, presence of proteinuria.
11,12,13,14

 

Consequently, measuring target organ damage may be an attractive approach to 

improving risk prediction of cardiovascular outcome in diabetics. As the great vessels, 

kidneys, eyes, and heart are commonly affected by diabetes, several markers of diabetic 

involvement of these organ systems already exist.  The ankle brachial index (ABI) can be 

used as a measure of atherosclerosis in peripheral vessels, while another validated index 

of generalized atherosclerosis is the B-mode ultrasound detected carotid intima media 

thickness (CIMT). Nephropathy can be assessed by estimated glomerular filtration rate 

and urine albumin/creatinine ratio (UACR), while retinopathy can be detected by retinal 

photography. The ECG can demonstrate abnormalities as manifestations of diabetic 

induced cardiac damage. All of these measures of target organ damage are commonly 

used in population-based studies because they are relatively inexpensive, noninvasive, 

and easy to assess. Importantly, each one of these measures of target organ damage has 

been strongly associated with cardiovascular events.
15,16,17,18,19,20,21,22,23,24,25,26,27,28,29

 Other 

potentially useful measures of target organ damage in diabetics include serum biomarkers 

such as NTproBNP, hsTnT, hsCRP. NTproBNP and hsTnT have been used to improve 

the accuracy in the diagnosis of subclinical left ventricular dysfunction, while hsCRP 

have been related to inflammation and atherogenesis. Importantly, these serum 

biomarkers have also been found to be markers of adverse CV outcome both in the 

general population and in persons with diabetes. 
30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47 

 

Among subjects with diabetes few population-based studies have compared the 

differential predictive value of several measures of target organ damage,
48,49,50

 let along 

taking into account the serum biomarkers.
51

 The ARIC Study, a population-based cohort 

study of middle age men and women, is the ideal setting to select diabetic persons 

without prevalent CVD and prospectively investigate several noninvasive measures of 

target organ damage and combinations of these measures in relation to incident CVD 

outcome. Specifically, we propose to evaluate the association of established tests of 

target organ damage (ABI, CIMT, retinopathy, nephropathy, ECG) and of serum 

biomarkers (NTproBNP, hsTnT, hsCRP) on the primary outcome of fatal or nonfatal 

CV events in persons with diabetes. Additionally, we will evaluate whether the 

association between established markers of target organ damage and CV risk is 

modified by serum biomarkers.  
 

5. Main Hypothesis/Study Questions:  

Among diabetic ARIC participants without prevalent CVD at visit 4 the aims of the study 

are: 

1) To describe the prevalence, clinical characteristics, and correlations of specific 

measures of target organ damage.   

2) To describe the event rates for the primary outcome (see definition of outcome 

variables) according to types of target organ damage.   



3) To compare the differential risk of the primary outcome associated with specific 

measures of target organ damage (traditional markers and serum biomarkers). We will 

test for independent associations of specific markers of target organ damage with the risk 

of the primary and secondary outcomes (see definition of outcome variables) in 

univariate and multivariate adjusted models (adjusting for baseline age, sex, race, center, 

smoking status, pack of cigarettes/year, body mass index, waist-hip ratio, systolic blood 

pressure, hypertensive medication use, diabetic medication use, lipid lowering 

medication, aspirin use, education, total/HDL cholesterol, triglycerides, family history of 

CHD). 

4) To describe effect modification on the primary outcome by serum biomarkers on 

traditional measures of target organ 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 methodological limitations or challenges if 

present).  

 

Study design/population:  

Cohort analysis of diabetic participants without history of cardiovascular disease at visit 

4. The study population will be comprised of persons with diabetes with available data 

regarding ECG, ABI, CIMT, eGFR, UACR, hsTnT, NTproBNP, hsCRP at visit 4, as well 

as retinal photography, CIMT, ABI from visit 3, or ABI from visit 1. We anticipate an 

estimate of 1500 persons with diabetes with these characteristics. 

 

Definition of Diabetes 

Participants will be classified as having a history of diabetes at visit 4 if they report a 

physician diagnosis of diabetes or medications for diabetes at visit 4 or previous visits. 

Undiagnosed diabetes will be defined as a fasting glucose 126 mg/dl or non-fasting 

glucose 200 mg/d at visit 4 or previous visits. 

 

Exclusions: 

We will exclude ethnicity other than black or white, missing data on target organ damage 

tests, or missing covariates of interest. Participants with prevalent CVD at visit 4 will be 

excluded. 

 

Definition of Prevalent CVD 

CHD: defined as self-reported myocardial infarction (MI) before visit 1, or silent MI 

(diagnosed by ECG Q waves), validated MI event, or revascularization procedure 

between visit 1 and 4.  

HF: defined as either participants reported medication use for heart failure or Gothenberg 

score=3 
52,53

 or missing HF status, or incident HF hospitalization (based upon ICD-9 

codes 428.xx) prior to visit 4. 

Stroke: defined as self-reported stroke before visit 1 or incident stroke between visit 1 

and visit 4. 

 

Exposure variables:  



Traditional indicators of target organ damage 

1) Retinopathy (visit 3) 

Retinopathy will be defined as present if any characteristic lesion as defined by 

the Early Treatment Diabetic Retinopathy Study severity scale was present 

(microaneurysms, hemorrhages, cotton wool spots, intraretinal microvascular 

abnormalities, hard exudates, and new retinal vessels).
54

 

2) Major ECG abnormalities (visit 4) 

ECG abnormalities will be defined as present if any major criteria are met.    

Major electrocardiographic abnormalities will be defined according to the 

Minnesota coding system 
50,55,56

 as:  

Ventricular conduction defect codes: 

7-1 (left bundle branch block),  

7-2 (right bundle branch block),  

7-4 (IV block of indeterminate type with QRS >120 ms);  

Left ventricular hypertrophy codes: 

3-1, 3-3 

4-1 to 4-3 

5-l to 5-3  

Isolated major ST-T wave abnormalities (ST-T) codes: 

 4-1, 4-2 

5-1, 5-2 without (3-1, 3-3, l-l to l-3);  

Atria1 fibrillation code:  

8-3 

3) Nephropathy (visit 4) 

Nephropathy will be defined as present based on eGFR < 60 ml/min per 1.73 m
2
, 

and/or UACR 30 mg/g.
57

 eGFR will be calculated using the recently validated 

combined creatinine–cystatin C equation, that has been shown to perform better 

than equations based on either of these markers alone for chronic kidney disease 

detection.
58,59

 Since it has been demonstrated that there is risk gradient within 

normal range of UACR, we will also evaluate the risk associated with a threshold 

of 10 mg/g as a sensitivity analysis.
60

  

4) ABI (visit 4) 

Peripheral arterial disease will be defined as present based on an ABI value < 0.9. 

Since ABI has been collected at visit 4 in a sample of the total population, for 

those patients with missing data on this parameter we will carry forward the last 

available measure from prior visits (visit 1 and 3). For those subjects in whom 

ABI data is not available at visit 4 or from prior visits, we will assign these 

participants as negative for PAD. We recognize that this may lead to 

misclassification bias, but this approach is conservative and would tend to 

mitigate any association we may find between PAD and incident CVD.   

5) Carotid IMT (visit 3 and 4) 

CIMT will be defined as the mean of IMT measurements at six sites of the carotid 

arteries using B-mode ultrasound,
61

 with a cut off value for detection of target 

organ damage of ≥1 mm.
62

 Since CIMT has been collected in half of the 

population at visit 4 and the other half at visit 3, for those patients with missing 



data on this parameter at visit 4 we will carry forward the last available measure 

from visit 3. 

 

Serum biomarkers 

HsTnT, NTproBNP, hsCRP (visit 4) 

Biomarkers will be evaluated as both continuous and categorical variables. For 

continuous models, undetectable levels of hsTnT will be assigned a value of half the 

lower limit of detection. For the categorical analysis, NTproBNP will be divided into 

quartiles, hsCRP values will be dichotomized using the cut point of high risk proposed by 

the American Heart Association recommendations,
63

 while cTnT levels will be separated 

based on the manufacturer proposed 99
th

 percentile decision limit for the Roche 

assay.
37,64

 

 

For each serum biomarker, target organ damage will be defined as present if: 

1) hsTnT  0.014 g/L. 

2) NT proBNP in the highest quartile. 

3) hsCRP is >3mg/L. 
46

  

 

Outcome variables: 

Primary outcome 

- Composite of fatal and non fatal CV events (defined as CHD, HF and stroke events).
65

 

Secondary outcomes 

- All cause mortality. 

- CV death (CHD, HF, stroke).  

- Incident heart failure hospitalization based on diagnosis codes from hospital discharges 

(ICD-9 code 428.XX). 
52

 

- Total incident CHD events (fatal CHD, definite or probable MI, or coronary 

revascularization) ascertained per ARIC study procedures.
66

 

- Total incident stroke events (validated stroke death, definite or probable non fatal 

stroke) ascertained per ARIC study procedures.
67

 

 

Incident CV events will be defined as new events occurring subsequent to the fourth 

examination through December 31, 2008.   

 

Covariates 

Variables of interest will include age, sex, race, center, smoking status, pack of 

cigarettes/year, body mass index, waist-hip ratio, systolic blood pressure, hypertensive 

medication use, diabetic medication use, lipid lowering medication, aspirin use, 

education, triglycerides, total/HDL cholesterol (all detected at visit 4), family history of 

CHD (per protocol detected only at visit 2). 

 

Statistical Analysis 

All non-normally distributed variables will be natural logarithmically transformed, as 

needed.  



First, we will describe characteristics of the diabetic population without prevalent CVD at 

visit 4 according to the presence of each traditional indicator of target organ damage and 

of serum biomarkers (continuous variables will be expressed as mean ± SD or median 

(IQR) and compared with a t-test or Wilcoxon rank-sum test as appropriate, while 

categorical variables will be presented as counts and percentages and compared using a 

Fisher exact test).  

Second, we will calculate incident event rates, overall and within each category of target 

organ damage and sub-clinical dysfunction, expressed as events per person-time. 

Third we will evaluate risk associated with target organ damage using Cox proportional 

hazards regression. We will construct four sets of models:  

Model 1 will be unadjusted; model 2 will adjust for age, sex, race, center, smoking status, 

pack of cigarettes/year, body mass index, waist-hip ratio, systolic blood pressure, 

hypertensive medication use, diabetic medication use, lipid lowering medication, aspirin 

use, education, total/HDL cholesterol, triglycerides, family history of CHD; model 3a 

will be further adjusted for traditional indicators of target organ damage and for 

biomarkers considered as dichotomous variables (considering the following cut off: 

hsTnT  0.014 g/L, NT proBNP in the highest quartile, hsCRP >3mg/L); model 3b will 

feature the same predictors as 3a, but with biomarkers considered as continuous 

variables.  

We will assess the discriminatory ability of each model using a C-statistic. For models 1 

and 2, the univariate effect of each key predictor (indicators of target organ damage and 

biomarkers) will be assessed by considering the addition of only new marker at a time. 

The associated hazard ratio and resulting C-statistic will be reported for each predictor. 

Models 3a and 3b will be used to assess the effects of all key predictors, controlling for 

all others. The hazard ratio for each predictor in these fully adjusted models will be 

reported.  

 

Fourth we will investigate potential effect modification by novel serum biomarkers on the 

relationship between each traditional measure of target organ damage and the risk of CV 

death or nonfatal CHD or HF. 

 

Two-sided P values of <0.05 will be considered statistically significant. All analyses will 

be performed using STATA 12. 

 

Limitations: 

The study will be restricted to Caucasians and African Americans; thus the results cannot 

be generalized to other races. Additionally, the retinal examinations and laboratory 

analyses of cardiac biomarkers were obtained at different study visits (3 and 4), separated 

by a period of approximately 3 years. The same holds true for a part of ABI and CIMT 

data. 

We will not be able to rule out the possibility of residual confounding.  

The results cannot be generalized to younger population. 

CHF events will be defined from hospitalization or death records (both self-reported 

events and detected by surveillance of community hospital discharges or by surveying 



death certificates from state vital statistics). Self-report may result in underreporting of 

hospitalization, and milder CHF cases that did not require hospitalization won’t be 

included. The latter may limit the applicability of our results to a wider spectrum of CHF 

cases not requiring inpatient treatment. Additionally, data derived from death certificates 

may have limited accuracy and it is possible that some CHF events may have been 

misclassified. 
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