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Abstract

Background—~Evidence is mixed regarding whether diabetes confers equivalent risk of coronary
heart disease (CHD) as prevalent CHD. We investigated whether diabetes and severe diabetes are
coronary heart disease (CHD) risk equivalents.

Methods—At baseline, participants in the REasons for Geographic and Racial Differences in
Stroke (REGARDS) study (black and white US adults =45 years old recruited 2003-2007) were
categorized as having prevalent CHD only (self-reported or electrocardiogram evidence)
(n=3,043), diabetes only (self-reported or elevated glucose) (n=4,012), diabetes and prevalent
CHD (n=1,529) and neither diabetes nor prevalent CHD (n=17,155). Participants with diabetes
using insulin and/or with albuminuria (urinary albumin-to-creatinine ratio =30 mg/g) were
categorized as having severe diabetes. Participants were followed through 2011 for CHD events
(myocardial infarction or fatal CHD).
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Results—During a mean follow-up of 5 years, 1385 CHD events occurred. The hazard ratios
(HRs) of CHD events comparing participants with diabetes only, diabetes and prevalent CHD and
neither diabetes nor prevalent CHD to those with prevalent CHD were 0.65 (95% CI: 0.54, 0.77),
1.54 (95% CI: 1.30, 1.83) and 0.41 (95% CI: 0.35, 0.47), respectively, after adjustment for
demographics and risk factors. Compared to participants with prevalent CHD, the HR of CHD
events for participants with severe diabetes was 0.88 (95% CI: 0.72, 1.09).

Conclusions—~Participants with diabetes had lower risk of CHD events than those with
prevalent CHD. However, participants with severe diabetes had similar risk as those with prevalent
CHD. Diabetes severity may need consideration when deciding whether diabetes is a CHD risk
equivalent.
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Methods

Although some studies have found that diabetes confers a risk of coronary heart disease
(CHD) events similar to a history of CHD or cardiovascular disease (CVD), others have
reported that this risk is considerably lower.1=8 Prior studies have varied widely in terms of
age and sex of participants, time periods, racial composition of study populations, and
definitions of prior CHD or CVD. The optimal intensity of CHD prevention therapy in
people with diabetes may depend on whether diabetes is truly a CHD risk equivalent. Rates
of CHD have declined dramatically over time;®: 10 information about the risk of CHD events
associated with diabetes in a contemporary population could help patients and physicians
make informed decisions about therapy for the primary prevention of CHD.

The severity of diabetes may be important when assessing the risk of CHD among people
with diabetes and making decisions regarding the intensity of CHD prevention therapy.1!
Diabetes severity may be measured by treatment intensity, biomarkers of diabetes
complications or glycemic control,12-14 disease duration and age,1>-17 or comorbid CVD
risk factors.18 One of the early signs of diabetic nephropathy is albuminuria which increases
the risk for myocardial infarction (MI) and other CVD.1 20 |nsulin use among people with
diabetes may be a marker of both more severe disease and an increased risk of CVD.21 22
Using data from the REasons for Geographic and Racial Differences in Stroke (REGARDS)
study, we compared the risk of CHD events between participants with diabetes but no
prevalent CHD and those with prevalent CHD but no diabetes and investigated whether the
relative risk of CHD events associated with diabetes versus history of CHD varied by age.
Additionally, we investigated the risk of CHD events associated with more severe diabetes,
defined as diabetes with insulin use and/or albuminuria.

Population description

The REGARDS study is a prospective cohort of 30,239 English-speaking, community-
dwelling black and white US adults >45 years of age at baseline in 2003-2007.23 The study
was designed to investigate differences in stroke mortality by geographic region and race.23
REGARDS oversampled black individuals and people living in the US stroke buckle
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(coastal regions of North Carolina, South Carolina and Georgia) and the rest of the stroke
belt (remaining areas of North Carolina, South Carolina and Georgia and Alabama,
Arkansas, Louisiana, Mississippi, and Tennessee).23 The study protocol was approved by
institutional review boards at participating centers, and all participants provided written
informed consent.23 For this analysis, participants were excluded if they were missing data
on diabetes or history of CHD (n=1,660), insulin use or albuminuria (n=2,417) or follow-up
for CHD (n=423). After exclusions, 25,739 participants remained in the sample.

Data collection

Exposures

Covariates

Computer assisted telephone interviews were conducted to obtain information about socio-
demographic factors, CVD risk factors, cigarette smoking, physical activity, and medication
use.24 An in-home study visit was conducted by health professionals to obtain ECGs,
medication inventories, systolic and diastolic blood pressure, weight and height
measurements and blood and spot urine samples.2* Participants were asked to fast for 10-12
hours the night before the visit.23 After collection, blood and urine samples were shipped
overnight with ice packs to a central laboratory at the University of Vermont where a BNII
ProSpec nephelometer (Siemens AG) was used to measure urine albumin and a Modular-P
chemistry analyzer (Roche/Hitachi) was used to measure urine creatinine by the rate Jaffe
method.23: 24 Laboratory assays were performed on the blood samples to obtain lipid
profiles, glucose, creatinine and C-reactive protein levels.23 ECGs were analyzed at Wake
Forest University.23

The primary exposure groups were: 1) prevalent CHD but no diabetes, 2) diabetes but no
prevalent CHD, 3) both diabetes and prevalent CHD, and 4) neither prevalent CHD nor
diabetes. Prevalent CHD was defined as self-reported history or ECG evidence of a prior Ml
or self-reported CABG, coronary angioplasty, or coronary stenting. Baseline diabetes was
defined as fasting blood glucose levels =126 mg/dL, non-fasting glucose levels =200 mg/dL
for 13% of participants who did not fast for at least 8 hours,2° or self-reported use of oral
diabetes medication or insulin. We further categorized participants with diabetes at baseline
based on evidence of severe diabetes [self-reported insulin use and/or presence of
albuminuria (urinary albumin-to-creatinine =30 mg/g)] and by insulin use and albuminuria,
separately.

Age, race, sex, region of residence, income, education, cigarette smoking and physical
activity were self-reported. BMI (kg/m?) was calculated from height and weight as measured
during the study visit. Information on the use of medications (aspirin, statins, ARBs, ACE
inhibitors) was collected in the medication inventory. Hypertension was defined as systolic
blood pressure 2140 mmHg, diastolic blood pressure =90 mmHg or self-reported use of
antihypertensive medication. Total cholesterol, high-density lipoprotein (HDL) cholesterol,
triglycerides, C-reactive protein and serum creatinine (used to estimate glomerular filtration
rate with the CKD-Epi equation?®) were measured in blood samples.
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The primary outcome was CHD events (definite/probable MI or CHD death). Secondary
outcomes were MI and fatal CHD (CHD death or death within 28 days of a definite or
probable MI). When examining M, only the first event was included and for fatal CHD,
participants were censored if they experienced a non-fatal MI. Participants or their proxies
were called every 6 months to gather information about hospitalizations and deaths. Deaths
were also detected through linkage to the Social Security Administration’s Master Death
File and the National Death Index. Records from deaths and heart-related hospitalizations
were retrieved for adjudication. Adjudication was conducted by pairs of clinician-
adjudicators based on published guidelines, with committee review to resolve
disagreements.2’-29 Adjudication of Mls was based on signs and symptoms of ischemia; a
rising and/or falling pattern in cardiac troponin or creatinine phosphokinase-MB level with
the peak level more than two times the normal upper limit; and ECG changes which
indicated ischemia.2% 30 Adjudication of CHD death was based on review of medical
history, hospital records, interviews with next of kin or proxies, autopsy reports, death
certificates, and National Death Index data.2® Kappa for agreement between adjudicators
was >0.80 for definite or probable M1 and definite or probable acute CHD death.2®

Statistical Analysis

We calculated means and standard deviations or percentages of participant characteristics by
exposure status (prevalent CHD but no diabetes, diabetes but no prevalent CHD, both
diabetes and prevalent CHD and neither diabetes nor prevalent CHD) and severity of
diabetes (insulin and/or albuminuria). We calculated cumulative incidence of CHD, MI and
fatal CHD events by exposure status using the Kaplan-Meier method and tested for
differences in cumulative incidence curves using log-rank tests. We estimated crude
incidence rates and 95% confidence intervals (Cls) by exposure status. Multivariable-
adjusted Cox proportional hazards models were used to estimate hazard ratios (HRs) for
CHD events comparing participants with diabetes but no prevalent CHD, both diabetes and
prevalent CHD and neither diabetes nor prevalent CHD to participants with prevalent CHD
but no diabetes. Model 1 was adjusted for age (continuous), race (black vs. white), sex (male
vs. female), and region of residence (Stroke Buckle vs. Stroke Belt vs. Non-Belt). Model 2
was further adjusted for income (<$20,000 vs. =$20,000), education (high school or less vs.
some college or college graduate), systolic and diastolic blood pressures (continuous),
hypertension (yes vs. no), cigarette smoking (current vs. past vs. never), total cholesterol
(continuous), HDL cholesterol (continuous), triglycerides (continuous), and use of aspirin,
statins, ACE inhibitors or ARB (yes vs. no), BMI (continuous), physical activity (none vs.
1-3 times per week vs. 24 times per week), C-reactive protein (<1 vs. 1-3 vs. >3 mg/L),
estimated glomerular filtration rate (<60 vs. 260 mL/min/1.73 m2), and urinary albumin-to-
creatinine ratio (<30 vs. >30 mg/g). There were no variance inflation factors greater than 5
suggesting that multi-collinearity among the covariates was not a concern. Analyses were
repeated for the outcomes of Ml and, separately, fatal CHD. We also conducted the analyses
further stratifying participants with diabetes but no prevalent CHD based on diabetes
severity; insulin use and/or albuminuria and, separately, by insulin use and albuminuria. We
used Cox proportional hazards models adjusted as above, excluding urinary albumin-to-
creatinine ratio in models comparing people with diabetes stratified based on insulin use
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and/or albuminuria and, separately, by albuminuria alone to those with prevalent CHD but
no diabetes. The proportional hazards assumption was evaluated by including interaction
terms between the exposure categories and the natural logarithm of time in the models.
There was no evidence of violation of the proportional hazards assumption. We further
tested whether age was an effect modifier of the association between exposure status
(prevalent CHD but no diabetes, diabetes but no prevalent CHD, both diabetes and prevalent
CHD and neither diabetes nor prevalent CHD) and CHD risk using a cross-product
(interaction) term (P-value for interaction = 0.04). Therefore, we calculated HRs for CHD
events stratified by age categories (<65 and =65 years). To handle missing data on covariates
in the Cox proportional hazards models, we performed multiple imputation by chained
equations, with ten datasets.3! Analyses were conducted using SAS, version 9.3, SAS
Institute, Cary, NC and Stata Statistical Software, version 12.1, College Station, TX.

Sources of Funding

Results

The REGARDS study is supported by a cooperative agreement U01 NS041588 from the
National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Department of Health and Human Service. The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Institute of
Neurological Disorders and Stroke or the National Institutes of Health. Representatives of
the funding agency have been involved in the review of the manuscript but not directly
involved in the collection, management, analysis or interpretation of the data. The authors
thank the other investigators, the staff, and the participants of the REGARDS study for their
valuable contributions. A full list of participating REGARDS investigators and institutions
can be found at http://www.regardsstudy.org. Additional support for this project was
provided by grants from the National Heart, Lung, and Blood Institute (K24 HL111154 and
RO1 HL080477) and National Institute of Diabetes and Digestive and Kidney Diseases (K01
DK095928). The authors are solely responsible for the design and conduct of this study;, all
study analyses, the drafting and editing of the paper and its final contents.

Baseline characteristics of the population by prevalent CHD and diabetes status are
presented in Table 1 and by diabetes severity in Supplemental Table 1. Participants with
diabetes but no prevalent CHD were more likely to have hypertension, higher mean
triglycerides and BMI and were more likely to have C-reactive protein >3 mg/L compared to
participants with prevalent CHD but no diabetes (Table 1). Over a mean follow up of 5
years, 1,385 CHD events occurred, (1,019 Mls and 506 fatal CHD) among 25,739
participants. The cumulative incidence of CHD events was highest for those with both
prevalent CHD and diabetes, followed by those with prevalent CHD but no diabetes, those
with diabetes but no prevalent CHD, and finally those with neither prevalent CHD nor
diabetes (Figure 1A). The same pattern was observed for MI and fatal CHD events
(Supplemental Figures 1A and 1B). Crude incidence rates of CHD were 19.9 (95% ClI: 17.8,
22.0); 11.3 (95% ClI: 9.9, 12.7); 35.3 (95% CI: 31.1, 39.5) and 5.3 (95% CI: 4.9, 5.8) events
per 1,000 person-years of follow up among those with prevalent CHD but no diabetes,
diabetes but no prevalent CHD, both diabetes and prevalent CHD and neither diabetes nor
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prevalent CHD, respectively (Table 2). After adjustment for covariates, HRs for CHD, Ml
and fatal CHD events comparing those with diabetes but no prevalent CHD to those with

prevalent CHD but no diabetes were 0.65 (95% CI: 0.54, 0.77), 0.70 (95% CI: 0.57, 0.87)
and 0.53 (95% CI: 0.40, 0.71), respectively.

Among 4,012 participants with diabetes but no prevalent CHD, 973 (24.3%) used insulin,
1,131 (28.2%) had albuminuria, 416 (10.4%) used insulin and had albuminuria, and 2,323
(57.9%) had neither of the diabetes severity markers. The crude incidence rate was 16.2
(95% ClI: 13.6, 18.9) and 7.9 (95% ClI: 6.4, 9.4) CHD events per 1,000 person-years of
follow up among participants with diabetes who used insulin and/or had albuminuria and
those who neither used insulin nor had albuminuria, respectively (Table 3). The risk of CHD
events was similar between participants with prevalent CHD but no diabetes and participants
with severe diabetes defined as insulin use and/or albuminuria (Figure 1B). In separate
analyses, the risk of CHD events was similar both between participants with prevalent CHD
but no diabetes and those who used insulin (Supplemental Figure 2A) as well as between
participants with prevalent CHD but no diabetes and those with albuminuria (Supplemental
Figure 2B). These patterns were also present for the outcomes of Ml and fatal CHD
(Supplemental Figures 3A and 3B, Supplemental Figures 4A and 4B, Supplemental Figures
5A and 5B). In multivariable-adjusted models, HRs for CHD, Ml and fatal CHD events
comparing participants with diabetes who used insulin and/or had albuminuria to
participants with prevalent CHD but no diabetes at baseline were 0.88 (95% CI: 0.72, 1.09),
0.93 (95% CI: 0.73, 1.19) and 0.75 (95% CI: 0.54, 1.06), respectively (Table 3). Similar HRs
for CHD, MI and fatal CHD events were present when comparing participants with diabetes
who used insulin and separately, participants with diabetes who had albuminuria, each
compared to participants with prevalent CHD but no diabetes (Supplemental Table 2).
Although there was a statistically significant interaction between age and exposure status
(prevalent CHD but no diabetes, diabetes but no prevalent CHD, both diabetes and prevalent
CHD and neither diabetes nor prevalent CHD), the associations were largely similar for
participants <65 and =65 years of age (Supplemental Table 3). The hazard ratio for CHD
events comparing participants with diabetes but no prevalent CHD to participants with CHD
at baseline was 0.61 (95% CI: 0.45, 0.82) among participants <65 years of age and 0.65
(95% CI; 0.52, 0.80) among participants =65 years of age (p = 0.74).

Discussion

In the REGARDS study, the risks of CHD, M1 and fatal CHD events were lower in
participants with diabetes but no prevalent CHD compared to their counterparts with
prevalent CHD but no diabetes. However, more severe diabetes requiring insulin and/or
accompanied by albuminuria conferred a risk for total CHD and Ml events similar to
prevalent CHD but a slightly lower risk for fatal CHD events. In this population, 42% of the
participants with diabetes had one or both of the severity measures. The REGARDS study
enrolled a large and racially diverse contemporary population including black and white men
and women across the continental US and rigorously adjudicated CHD events.

Some prior studies have found that diabetes as a broad category and prior MI confer
equivalent risks of CHD events while others found the risk of CHD among those with
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diabetes is lower compared to those with prior M1.1-8 The differences among these studies
were not explained by study country, gender, follow-up time or age of the participants.
However, changes in the definition, diagnosis and aggressiveness of treatment of diabetes
may have contributed to differences in diabetes severity across studies. In a landmark study,
Haffner and colleagues found that diabetes was associated with equivalent risk of MI events
as prior M1 in a Finnish population.! Boyko and Meigs reported that participants with
diabetes but no history of Ml in this study had a mean fasting blood glucose of 210 mg/dL
(11.7 mmol/L), compared to 132.9 mg/dL (7.4 mmol/L) in the current study.l: 32 Therefore,
the results obtained by Haffner and colleagues may be explained by the potentially more
severe diabetes present in the Finnish participants. It is unclear to what extent severity of
diabetes could explain the results in the other studies suggesting that diabetes was a CHD
risk equivalent.2~% 7 However, these studies were conducted prior to the reduction in the
fasting glucose threshold for diagnosing and treating diabetes which was implemented in
1997 by the American Diabetes Association (ADA)33 and 1998 by the World Health
Organization.3* In the REGARDS study, participants were recruited from 2003-2007 and
followed up until 2011, after the 1997 revision to the definition of diabetes.

Other studies have found that kidney disease and insulin use among individuals with
diabetes were associated with risk of CVD (MI, stroke and CVD deaths). Among
participants with diabetes in the Cardiovascular Health Study, HRs for CVD events among
those with creatinine >1.25 mg/dL (>110.5 umol/L) compared to creatinine <1.25 mg/dL
(<110.5 pmol/L) and for participants treated with oral hypoglycemic agents or insulin use
compared to no pharmacologic treatment were 1.31 (95% CI: 0.96, 1.78) and 1.57 (95% ClI:
1.21, 2.03), respectively.3> Among participants with diabetes in the Heart Outcomes
Prevention Evaluation (HOPE) trial randomized to 10 mg of ramipiril or placebo, the
relative risk of CVD events was 1.89 (95% ClI: 1.52, 2.36) for those with urinary albumin-to-
creatinine ratio >14.3 mg/g (>1.62 mg/mmol) vs. <1.9 mg/g (<0.22 mg/mmol).38 In the
Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled
Evaluation (ADVANCE) study, for every 10-fold increase in urinary albumin-to-creatinine
ratio, the HR for CVD was 2.48 (95% CI: 1.74, 3.52).37

We considered insulin use an indicator of diabetes severity. While clinical trials of insulin
use have not shown an increased risk of CVD in people with diabetes and pre-diabetes, some
observational studies have shown an increased risk.2: One proposed risk of insulin use in the
treatment of type 2 diabetes is an average weight gain of 10-12 pounds over the first year of
treatment.38: 39 The increase in fat mass may worsen metabolic syndrome and increase
inflammation and thrombosis leading to higher risk of CVD, but this pathway has not been
confirmed.39 40 Additionally, there is some evidence that people with more severe diabetes
indicated by presence of chronic kidney disease, have higher platelet reactivity, and so, they
may be a target for more intensive treatment.#1: 42 In the current study, only 10% of
participants both used insulin and had albuminuria. Similar results were obtained for both
diabetes severity measures, suggesting that these are distinct proxies for diabetes severity.

The results of the current study provide confirmation of data from prior studies which found
that an increased risk of MI or CHD has been observed among people with severe diabetes,
defined by longer diabetes duration but no prevalent CHD, compared to those with prevalent
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MI or CHD.15-17 |n another study, Howard and colleagues, there was a higher risk of fatal
CHD among people with multiple CHD risk factors in addition to diabetes compared to
people with diabetes without multiple additional CHD risk factors.1 In the current study,
participants with diabetes had CHD risk factor profiles that were worse than risk factor
profiles of participants with prevalent CHD at baseline. This may be the result of treatment
recommendations which have improved risk factor management for individuals with CHD.
However, contemporary treatment guidelines also emphasize CHD risk factor reduction
among those with diabetes in this time frame.

The previous Adult Treatment Panel (ATP) Il guidelines on management of cholesterol
suggested that diabetes should be considered a CHD risk equivalent for the purpose of risk
stratification and CHD prevention therapy.*3 People with a history of CHD and people with
diabetes were recommended equivalently intensive cholesterol lowering therapy with drugs
such as statins.*3 The 2013 American Heart Association (AHA)/American College of
Cardiology guidelines, the 2015 AHA/ADA statement on CVD prevention in adults with
diabetes and the 2015 ADA’s Standard of Medical Care in Diabetes also recommend statins
for patients with diabetes, though not necessarily high intensity statins.*-47 Although
diabetes was associated with a higher cumulative incidence of CHD events compared to
those with neither diabetes nor CHD in this study, only those with severe diabetes had a
similar risk of CHD events as those with prevalent CHD. However, the decision to consider
diabetes as a CHD risk equivalent was based on considerations in addition to risk of CHD
events.*8 For example, the MI case-fatality rate in patients with diabetes is twice that of
those without diabetes, and there is strong evidence that statins are effective in people with
diabetes.*® Because of the elevated risk of CHD and the effectiveness of preventive
therapies, lifestyle and pharmaceutical interventions for prevention of CHD are indicated for
many people with diabetes.*® Nevertheless, our findings indicate that among people living
with diabetes, there is a subgroup at particularly elevated CHD risk, thus these findings may
be helpful to clinicians to guide the intensity of risk reduction therapies among patients
taking insulin or with albuminuria or both.

Study limitations

The results should be interpreted in light of the limitations. Prevalent CHD and diabetes
exposures were measured at a single time point, increasing the potential for
misclassification. Hemoglobin Alc, a measure of glycemic control and disease severity, and
duration of diabetes, an additional marker of diabetes severity, were not assessed in
REGARDS. However, duration of diabetes can be difficult to interpret since length of time
between diabetes onset and diagnosis is highly variable. Further, we were unable to
differentiate type 1 from type 2 diabetes; it is likely that the observations here apply mostly
to type 2 diabetes given the age of the population and the fact that type 2 diabetes represents
90-95% of diabetes in the US.4? In addition, some of the exposures, such as prevalent CHD,
and covariates relied on self-report. As a result, there was potential for misclassification.
While a rigorous procedure was used to adjudicate CHD events, it is possible that some
events were missed. Despite available information on a host of important CHD risk factors,
there was also potential for residual confounding.
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Conclusions

The current study suggests that diabetes as a broad category may not be a CHD risk
equivalent. However, diabetes requiring insulin and/or with albuminuria was associated with
similar risk of CHD events as prevalent CHD. Therefore, severity of diabetes may warrant
consideration when deciding whether diabetes should be treated as a CHD risk equivalent.
While the high risk of CHD events and proven benefits of statins and treatment of
hypertension in people with diabetes mean that CHD risk factor control is an important goal
in this population, our findings may assist clinicians in targeting their efforts at aggressive
risk factor control to those at highest risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative incidence of coronary heart disease by A. prevalent coronary heart disease
and diabetes status and B. prevalent coronary heart disease and diabetes (insulin use and/or
albuminuria) status

Abbreviations: CHD, coronary heart disease; CHD only, prevalent coronary heart disease;
diabetes and CHD, diabetes and prevalent coronary heart disease; neither diabetes nor CHD,
neither diabetes nor prevalent coronary heart disease

Exposure groups: CHD only, Diabetes only, Diabetes and CHD, Neither diabetes nor CHD.
CHD was assessed using ECG evidence of Ml or self-report of Ml or revascularization.
Diabetes was defined as blood glucose (fasting = 126 mg/dL or non-fasting = 200 mg/dL) or
self-reported use of diabetes medication.

Outcome: Y-axis

Description of illustration: The cumulative incidence of CHD events was highest for those
with both prevalent CHD and diabetes, followed by those with prevalent CHD but no
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diabetes, those with diabetes but no prevalent CHD, and finally those with neither prevalent
CHD nor diabetes.
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Characteristics of REGARDS participants by diabetes and prevalent coronary heart disease status at baseline

Characteristics Prevalent  Diabet Diabetesand Neither diabetes
CHD es prevalent nor prevalent
only* only8 CHD CHD

n=3,043 n= n=1529 n=17,155
4,012
Age, years, mean = SD 67.0+£9.2 64.9 £ 67.4+8.2 63.8+9.4
8.7
Black, n (%) 880 (28.9) 2,473 695 (45.5) 6,267 (36.5)
(61.6)

Female, n (%) 1,147 2,277 595 (38.9) 9,932 (57.9)
(37.7) (56.8)

Region, n (%)

Stroke belt * 1,059 1,478 505 (33.0) 5,856 (34.1)
(34.8) (36.8)

Stroke buckle’ 616 (20.2) 888 338(22.1) 3,539 (20.6)
(22.1)

Non-stroke belt or buckle 1,368 1,646 686 (44.9) 7,760 (45.2)
(45.0) (41.0)

Annual household income 574 (21.3) 1,008 401 (30.0) 2,452 (16.3)

<$20,000, n (%) (28.6)

Education < High school, n (%6) 1,248 1,883 775 (50.8) 5,799 (33.8)
(41.0) (47.0)

Fasting blood glucose, mg/dL, 93.8+113 1329+ 1351+528 92.4+10.6

mean = SD 50.5

Diabetes treatment, n (%)

No pharmacologic treatment - 496 119 (7.8) -
(12.4)

Oral medications - 2,543 877 (57.4) -
(63.4)

Insulin - 514 288 (18.8) -
(12.8)

Both oral medications and - 459 245 (16.0) -

insulin (11.4)

Systolic blood pressure, mm Hg, 1285+ 131.7+ 1323+17.7 1259+ 16.2

mean = SD 17.1 17.0

Diastolic blood pressure, mm 75.6 £9.7 770+ 75.4£10.7 76.6 £9.5

Hg, mean = SD 10.1

Hypertension prevalence, n (%) 2,044 3,111 1,254 (82.3) 8,635 (50.4)
(67.3) (77.6)

Smoker, n (%)

Current 476 (15.7) 548 223 (14.6) 2,427 (14.2)
(13.7)

Never 1,105 1,834 503 (33.0) 8,205 (48.0)
(36.5) (45.9)

Past 1,449 1,616 799 (52.4) 6,456 (37.8)
(47.8) (40.4)

Total cholesterol, mg/dL, mean 180.3 + 1826+ 171.5+409 198.3+38.1

+SD 40.1 41.0

HDL-C, mg/dL, mean + SD 49.1+155 479+ 433+134 54.0+16.5

14.2
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Characteristics Prevalent  Diabet Diabetesand Neither diabetes
CHD es prevalent nor prevalent
onlyi 0n|y§ CHD CHD

LDL-C, mg/dL, mean + SD 104.4 1056+  951+325 119.2+33.6
336 34.7

Triglycerides, mg/dL, mean + 1346 + 146.1+ 167.4+1199 1256 +79.0

SD 91.5 98.0

Other medication use, n (%)

Aspirin 2,055 1917 1,137 (74.4) 6,078 (35.5)
(67.6) (47.8)

Statins 1,681 1,719 1,003 (65.6) 3,734 (21.8)
(55.2) (42.9)

ACE inhibitors or ARBs 1,385 2,459 1,059 (69.3) 4,287 (25.0)
(45.5) (61.3)

BMI, kg/m2, mean + SD 281+55 325+ 319+6.1 285+538
6.7

Physical activity, n (%)

None 1,013 1,550 687 (45.6) 5,272 (31.2)
(33.8) (39.2)
1-3 times per week 1,009 1,421 449 (29.8) 6,380 (37.8)
(33.7) (35.9)
4+ times per week 972 (32.5) 984 371 (24.6) 5,250 (31.1)
(24.9)
C-reactive protein, mg/L, n (%)
<1 781 (26.2) 763 308 (21.5) 4765 (28.3)
(20.2)
1to3 1,037 1,131 463 (32.3) 5,760 (34.2)
(34.8) (30.0)
>3 1,165 1,875 661 (46.2) 6,321 (37.5)
(39.1) (49.8)
Estimated glomerular filtration 515 (16.9) 581 397 (27.0) 1,308 (7.6)
rate, <60 mL/min/1.73 m?, n (15.1)
(%)
Ratio of albumin to creatinine, 486 (16.0) 1,131 585 (38.3) 1,692 (9.9)
230 mg/g, n (28.2)

Abbreviations: REGARDS, Reasons for Geographic and Racial Differences in Stroke; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-
density lipoprotein cholesterol; CHD, prevalent coronary heart disease

*
Defined as the states of Alabama, Arkansas, Louisiana, Mississippi, Tennessee and the noncoastal regions of North Carolina, South Carolina and
Georgia.

fDefined as the coastal regions of North Carolina, South Carolina and Georgia
'tCoronary heart disease was assessed using ECG evidence of M1 or self-report of Ml or revascularization.

§Diabetes was defined as blood glucose (fasting = 126 mg/dL or non-fasting = 200 mg/dL) or self-reported use of diabetes medication.

The frequencies and percentages may not add up to the total sample size due to missing data.
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Table 2

Incidence rates and adjusted hazard ratios and 95% confidence intervals for coronary heart disease events,
myocardial infarction and fatal coronary heart disease events according to diabetes and prevalent coronary
heart disease status at baseline

Prevalent Diabetes Diabetes and Neither diabetes nor
CHD only8 only/ prevalent CHD prevalent CHD

CHD
Number of 332 248 272 533
events
Person-years of 16,654 21,993 7,703 99,848
follow up
Incidence rate 19.9(17.8, 11.3(9.9, 35.3(31.1,39.5) 5.3(4.9,5.8)
(95% CI) * 22.0) 12.7)
Hazard Ratio 1.0 0.74 1.95 (1.66, 2.29) 0.36 (0.31, 0.42)
(95% C1)’ (Reference) (0.62,

0.87)
Hazard Ratio 1.0 0.65 1.54 (1.30, 1.83) 0.41 (0.35, 0.47)
(95% C1)¥ (Reference) (0.54,

0.77)
Ml
Number of 238 184 192 405
events
Person-years of 16,654 21,993 7,703 99,848
follow up
Incidence rate 14.3 (12.5, 8.4 (7.2, 24.9(21.4,284) 4.1(3.7,4.5)
(95% C|) * 16.1) 96)
Hazard Ratio 1.0 0.79 1.95 (1.61, 2.37) 0.38(0.32, 0.45)
(95% cIy’ (Reference) (0.65,

0.97)
Hazard Ratio 1.0 0.70 1.54 (1.26, 1.89) 0.43 (0.36, 0.51)
(95% c?¥ (Reference) (0.57,

0.87)
Fatal CHD
Number of 132 86 112 176
events
Person-years of 16,654 21,993 7,703 99,848
follow up
Incidence rate  7.9(6.6,9.3) 39(3.1, 145(118,17.2) 1.8 (1.5, 2.0)
(95% CI)™* 47)
Hazard Ratio 1.0 0.62 2.02 (1.56, 2.60) 0.31 (0.25, 0.40)
(95% 1)’ (Reference) (0.47,

0.83)
Hazard Ratio 1.0 0.53 1.57 (1.20, 2.06) 0.34 (0.27, 0.44)
(95% C1)¥ (Reference) (0.40,

0.71)

Abbreviations: CHD, coronary heart disease events; MI, myocardial infarction; CHD only; prevalent coronary heart disease; diabetes and CHD,
diabetes and prevalent coronary heart disease; neither diabetes nor CHD, neither diabetes nor prevalent coronary heart disease; Cl, confidence

interval

*
Per 1,000 person years

fAdjusted for age (continuous), race (categorical), sex (categorical) and region of residence (categorical).
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’tAdjusted for model 1 covariates, income (categorical) and education (categorical), systolic and diastolic blood pressure (continuous), hypertension
(hypertensive based on SBP, DBP and self-reported use of antihypertensive medications) (categorical),cigarette smoking (categorical), total
cholesterol (continuous), HDL cholesterol (continuous), triglycerides (continuous) and use of other medications (aspirin; statins; ACE inhibitors or
ARBs) (categorical), BMI (continuous), physical activity (categorical), C-reactive protein (categorical), estimated glomerular filtration rate
(categorical), urinary albumin to creatinine ratio (categorical).

§CHD was assessed using ECG evidence of Ml or self-report of Ml or revascularization.

//Diabetes was defined as blood glucose (fasting = 126 mg/dL or non-fasting = 200 mg/dL) or self-reported use of diabetes medication.
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Table 3

Incidence rates and adjusted hazard ratios and 95% confidence intervals for coronary heart disease events,
myocardial infarction and fatal coronary heart disease according to severity of diabetes (insulin use and/or
albuminuria) and prevalent coronary heart disease status at baseline

Prevalent CHD only§

Diabetes only//

CHD

Number of events
Person-years of follow up
Incidence rate (95% CI) *
Hazard Ratio (95% CI)7
Hazard Ratio (95% Cl)f
MI

Number of events
Person-years of follow up
Incidence rate (95% CI) *
Hazard Ratio (95% CI)7
Hazard Ratio (95% CI)¥
Fatal CHD

Number of events
Person-years of follow up
Incidence rate (95% CI) *
Hazard Ratio (95% CI)7

Hazard Ratio (95% CI)¥

332
16,654
19.9 (17.8, 22.0)

1.0 (Reference)

1.0 (Reference)

238
16,654
14.3 (12,5, 16.1)

1.0 (Reference)

1.0 (Reference)

132
16,654
7.9 (6.6,9.3)

1.0 (Reference)

1.0 (Reference)

Insulin use or
albuminuria or
both

144
8,879
16.2 (13.6, 18.9)

1.05 (0.85, 1.28)

0.88 (0.72, 1.09)

103
8,879
11.6 (9.4, 13.8)

1.09 (0.86, 1.39)

0.93 (0.73, 1.19)

53
8,879
6.0 (4.4,7.6)

0.92 (0.66, 1.27)

0.75 (0.54, 1.06)

Neither insulin use

nor albuminuria

104
13,114
7.9(6.4,9.4)

0.52 (0.42, 0.66)

0.53 (0.42, 0.67)

81
13,114
6.2 (4.8,7.5)

0.59 (0.45, 0.76)

0.60 (0.46, 0.78)

33
13,114
25 (1.7, 3.4)

0.41 (0.28, 0.61)

0.42 (0.28, 0.62)

Abbreviations: CHD, coronary heart disease; MI, myocardial infarction; CHD only; prevalent coronary heart disease; Cl, confidence interval
*
Per 1,000 person years

7‘Adjusted for age (continuous), race (categorical), sex (categorical) and region of residence (categorical) for the overall models.

fAdjusted for model 1 covariates, income (categorical) and education (categorical), systolic and diastolic blood pressure (continuous), hypertension

(hypertensive based on SBP, DBP and self-reported use of antihypertensive medications) (categorical), cigarette smoking (categorical), total
cholesterol (continuous), HDL cholesterol (continuous), triglycerides (continuous) and use of other medications (aspirin; statins; ACE inhibitors or
ARBs) (categorical), BMI (continuous), physical activity (categorical), C-reactive protein (categorical), estimated glomerular filtration rate
(categorical)

§CHD was assessed using ECG evidence of Ml or self-report of M1 or revascularization.

//Diabetes was defined as blood glucose (fasting = 126 mg/dL or non-fasting = 200 mg/dL) or self-reported use of diabetes medication
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