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Abstract

Purpose—To investigate secular changes in CHD incidence and mortality among adults with

and without diabetes and determine the effect of increased lipid-lowering medication use and

reductions in low-density lipoprotein cholesterol (LDL-C) levels on these changes.

Methods—We analyzed data on participants aged 45–64 years from the Atherosclerosis Risk in

Communities Study in 1987–1996 (early time period) and the Reasons for Geographic and Racial

Differences in Stroke Study in 2003–2009 (late time period). Hazard ratios (HR) for the

association of diabetes and time period with incident CHD and CHD mortality were obtained after

adjustment for socio-demographics, cardiovascular risk factors, lipid-lowering medication use,

and LDL-C.
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Results—After multivariable adjustment, diabetes was associated with an increased CHD risk

during the early (HR=1.99,95% CI=1.59,2.49) and late (HR=2.39,95% CI=1.69,3.35) time

periods. CHD incidence and mortality declined between the early and late time periods for

individuals with and without diabetes. Increased use of lipid-lowering medication and lower LDL-

C explained 33.6% and 27.2% of the decline in CHD incidence and CHD mortality, respectively,

for those with diabetes.

Conclusions—Although rates have declined, diabetes remains associated with an increased risk

of CHD incidence and mortality, highlighting the need for continuing diabetes prevention and

cardiovascular risk factor management.
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Substantial declines in CHD incidence, mortality, and case-fatality have occurred in recent

decades in the general US population.(1, 2) However, few studies have examined secular

changes in CHD morbidity and mortality among people with diabetes; a population with

elevated risk for CHD. Some prior studies,(3–6) but not all,(7) reported declines in incident

CHD rates for those with diabetes. Moreover, the findings for CHD mortality changes

among those with diabetes have been conflicting, with some reports suggesting decreasing

rates,(8–13) and others reporting increasing rates(14) as well as differences in rates by sex.

(15–17)

Alongside declines in CHD, there has been a significant increase in the use of

cardioprotective therapy, particularly lipid-lowering medications.(18, 19) Meta-analyses of

randomized clinical trials have demonstrated that treatment to lower low-density lipoprotein

cholesterol (LDL-C) is efficacious for reducing the risk of CHD and mortality among

individuals with and without diabetes.(20, 21) Additionally, among available medical

interventions, prior studies have suggested that the use of lipid-lowering medication and

improved cholesterol levels would result in the greatest reduction in CHD risk and mortality.

(22, 23) However, the control of LDL-C remains suboptimal,(24, 25) so it is unclear what

impact increases in lipid-lowering medication use and associated declines in LDL-C levels

may have had on current changes in CHD incidence, mortality, and case-fatality among

individuals with and without diabetes.

The objective of this study was to compare CHD incidence, mortality, and case-fatality

among middle-aged adults with and without diabetes in two time periods (1987–1996 and

2003– 2009). Additionally, we evaluated the contribution of lipid-lowering medication use

and lower LDL-C levels on changes in CHD incidence and mortality over time.

RESEARCH DESIGN AND METHODS

Study populations

Data from 2 prospective cohort studies were included in this analysis—the Atherosclerosis

Risk In Communities (ARIC) Study for the early time period (1987–1996) and the REasons

for Geographic And Racial Differences in Stroke (REGARDS) Study for the late time
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period (2003–2009). Details of the design and conduct of each study have been published

previously.(26, 27) Briefly, the ARIC study recruited 15,792 participants, age 45–64 years

between 1987 and 1989, from 4 communities—Forsyth County, North Carolina; Jackson,

Mississippi; suburbs of Minneapolis, Minnesota; and Washington County, Maryland. The

REGARDS study recruited 30,239 black and white participants ≥ 45 years of age from the

48 contiguous US states and the District of Columbia between 2003 and 2007. To create

comparable populations, only black and white participants from ARIC (n=15,732) and

participants age 45 to 64 years at baseline from REGARDS (n=14,992) were eligible for

inclusion in this analysis. Participants with a history of CHD at baseline (n=765 in ARIC;

n=1,807 in REGARDS) and those missing diabetes status (n=142 in ARIC; n=473 in

REGARDS) were excluded resulting in 14,825 ARIC participants for the early time period

and 12,712 REGARDS participants for the late time period. Data from the ARIC study were

obtained as a limited access dataset from the National Heart, Lung, and Blood Institute. Data

from the REGARDS study were obtained from study investigators. The study protocols

were approved by the institutional review boards governing research in human subjects at

the participating centers and all participants provided written consent. Additionally, the

secondary data analysis for this study was approved by the institutional review board at the

University of Alabama at Birmingham.

Data collection

Baseline data were collected through interviews and a clinic examination for ARIC

participants and through computer-assisted telephone interviews and an in-home

examination for REGARDS participants. Age, race, sex, current smoking, and use of

antihypertensive and lipid-lowering medications were self-reported during interviews.

During the examination for both ARIC and REGARDS, height, weight, and blood pressure

were measured and a blood specimen was collected. Both studies used manuals of

operations, standardized data collection methods, and quality assurance procedures to ensure

data quality. Additionally, each study used central laboratories that participated in the

appropriate national laboratory quality programs for specimen analyses. Body mass index

(BMI) was calculated as weight in kilograms divided by height in meters squared. Total and

high-density lipoprotein cholesterol (HDL-C) and triglycerides were measured

enzymatically in ARIC and by colorimetric reflectance spectrophotometry in REGARDS.

For participants with serum triglycerides < 4.52 mmol/L (400 mg/dL), LDL-C was

calculated by the Friedewald equation.(28) Serum glucose was measured using a

hexokinase/glucose-6-phosphate dehydrogenase method in ARIC and colorimetric

reflectance spectrophotometry on the Ortho Vitros 950 IRC Clinical Analyzer (Johnson &

Johnson Clinical Diagnostics) in REGARDS. Diabetes was defined as self-report of

physician-diagnosed diabetes with concurrent use of insulin or oral hypoglycemic

medication, serum glucose ≥ 7.0 mmol/L (126 mg/dL) for participants who had fasted for 8

hours, or serum glucose ≥ 11.1 mmol/L (200 mg/dL) for participants who had not fasted for

8 hours prior to blood specimen collection.

Follow-up for incident CHD and CHD mortality

For REGARDS participants, adjudicated CHD outcomes are available through December

31, 2009 for a maximum follow-up period of seven years. To provide comparability across
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study periods, follow-up of ARIC study participants was truncated at seven years. Incident

CHD and CHD mortality events were adjudicated by trained ARIC and REGARDS study

investigators, using procedures previously described elsewhere.(29–31) In the ARIC Study,

participants were telephoned annually to ascertain hospitalizations and study personnel

reviewed local hospital discharge lists. Medical records were obtained and abstracted for

adjudication. Additionally, death certificates, interviews with family members, and

questionnaires completed by the participant’s physician were used to investigate out-of-

hospital deaths.

In the REGARDS study, participants were telephoned biannually to ascertain information on

hospitalizations since their last contact for the retrieval of medical records. For participants

who died, records of hospitalizations near the time of death were examined. Proxy

interviews were conducted to obtain details of the death, including whether the person had a

sudden witnessed demise or whether cardiac symptoms were present in the hours preceding

death. Additionally, death certificates, autopsy reports, and data from the National Death

Index were obtained to adjudicate cause of death. For this study, incident CHD included

adjudicated events classified as definite or probable myocardial infarction (MI) or definite or

probable CHD death. The 28-day and 365-day case-fatality was defined as the proportion of

individuals with a non-fatal CHD event who died within 28 days or 365 days of the event,

respectively.

The clinical diagnosis of MI changed over the study period with the introduction of high-

sensitivity troponin assays.(32, 33) To reduce the number of CHD cases in 2003–2009

which would not have been diagnosed during 1987–1996, REGARDS participants with a

peak in-hospital troponin < 0.5 μg/L were considered non-cases unless they had diagnostic

ECG findings consistent with MI. Troponin < 0.5 μg/L was selected as the threshold because

it is approximately one order of magnitude above the 99th percentile of normal in most

currently available troponin assays.(34)

Statistical analysis

The cumulative incidence of CHD and CHD mortality was calculated using the Kaplan-

Meier method for participants with and without diabetes by time period. Within each time

period, age, race, and sex-adjusted incidence rates for CHD and CHD mortality were

calculated for participants with and without diabetes using Poisson regression models with

over-dispersion parameters. Cox proportional hazards models were used to obtain adjusted

hazard ratios (HR) for incident CHD and CHD mortality comparing participants with

diabetes versus without diabetes in each time period. Initial multivariable adjustment

included age, race, and sex. Subsequent models also included adjustment for HDL-C,

current smoking, systolic blood pressure, antihypertensive medication use, and BMI. The

final models further adjusted for lipid-lowering medication use and LDL-C. For case-

fatality, age, race, and sex-adjusted 28-day and 365-day case-fatality rates were calculated

and logistic regression used to obtain odds ratios (OR) for case-fatality comparing

participants with diabetes versus without diabetes in each time period.

The change in CHD incidence and mortality over time was also evaluated for participants

with and without diabetes, separately. For this analysis, HRs for incident CHD and CHD
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mortality were obtained comparing the late time period to the early time period. To

determine the contribution of lipid-lowering medication use and LDL-C levels on changes in

CHD incidence and mortality over calendar time, a mediation analysis was conducted using

a 1,000 iteration bootstrap.(35) Each iteration included 14,825 and 12,712 observations (i.e.,

the original sample size) from the original ARIC and REGARDS cohorts respectively,

randomly sampled with replacement. The association of time period (late versus early time

period) with CHD incidence and mortality was obtained for each iteration using Cox

proportional hazards models with and without adjustment for the use of lipid-lowering

medication and LDL-C. The percent change in the beta coefficient associated with time

period between these two models was calculated. The median difference was used to

calculate the percent attenuation with the 2.5th and 97.5th percentiles for the empirical 95%

confidence intervals. Missing data for all covariates were imputed using chained equations

with 10 data sets.(36) All analyses were conducted using SAS version 9.2 (SAS Institute,

Cary NC) and Stata version 12 (Stata Corporation, College Station TX).

RESULTS

Mean age and proportion of men was similar among participants with and without diabetes

and across time periods, whereas African-Americans comprised a greater proportion of

those with diabetes in the early (1987–1996) and late (2003–2009) time periods (Table 1).

Compared with participants in the early time period, those with and without diabetes in the

late time period had lower mean LDL-C levels, were more likely to have an LDL-C < 100

mg/dL and to be taking lipid-lowering medications.

The maximum follow-up time was 7 years for the early and late time periods. In each time

period, the CHD cumulative incidence was higher for participants with versus without

diabetes (Figure 1). For those with and without diabetes, the incidence of CHD was lower in

the late time period. CHD mortality was also lower in the late time period compared with the

early time period for those with and without diabetes (Figure 1).

During the early and late time periods, CHD incidence and mortality rates were higher for

those with versus without diabetes (Table 2). After adjustment for demographics and

cardiovascular risk factors including lipid-lowering medication use and LDL-C, participants

with diabetes had an increased risk of CHD in the early (HR=1.99, 95% CI=1.59, 2.49) and

late (HR=2.39, 95% CI=1.69, 3.35) time periods compared with their counterparts without

diabetes. Interaction terms for diabetes and time period were not statistically significant

(p>0.05) for CHD incidence or mortality.

The 28-day and 365-day case-fatality was more than twice as high for those with diabetes,

compared to those without, in the early time period, while case-fatality was similar in the

late time period (Figure 2). In analyses adjusted for age, race, and sex, diabetes was

associated with higher odds of 28-day and 365-day case-fatality in the early time period (28-

day OR=2.21, 95% CI=0.97, 5.05; 365-day OR=2.17, 95% CI=1.21, 3.90). However,

diabetes was not associated with an increased 28-day (OR=1.11, 95% CI=0.41, 2.98) or 365-

day case-fatality (OR=0.96, 95% CI=0.40, 2.27) in the late time period.
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For those with and without diabetes, CHD incidence and mortality rates were lower in the

late time period compared with the early time period (Table 3). After multivariable

adjustment for demographics and cardiovascular risk factors, not including lipid-lowering

medication and LDL-C, participants with and without diabetes in the late time period had a

lower risk of CHD and mortality compared with their counterparts in the early time period.

These associations were attenuated, but remained statistically significant, after further

adjustment for lipid-lowering medication and LDL-C. In mediation analyses for those with

diabetes, lipid-lowering medication use and LDL-C accounted for 33.6% (95% CI = 0.4% to

91.9%) and 27.2% (95% CI = −2.9% to 67.6%) of the decline in CHD incidence and

mortality, respectively. Among those without diabetes, the attenuation associated with lipid-

lowering medication use and LDL-C was 36.1% (95% CI = 15.5% to 81.6%) and 24.2%

(95% CI = −1.4% to 104.9%) for CHD incidence and mortality, respectively. Race did not

modify the association of time period with CHD incidence and mortality among those with

or without diabetes in multivariable-adjusted models. However, there was a suggestion of

possible differences by sex for incident CHD among those with diabetes (sex interaction p-

value=0.16). Men with diabetes in the late time period had a lower risk of CHD than men

with diabetes in the early time period (HR=0.48, 95% CI=0.28, 0.81), whereas for women

with diabetes, the risk of CHD was similar in the late versus early time period (HR=1.06,

95% CI=0.61, 1.85). No differences by sex were observed for CHD mortality.

CONCLUSIONS

In the current analysis, CHD incidence and mortality declined between 1987–1996 and

2003–2009 for individuals both with and without diabetes. Lipid-lowering medication use

and improved LDL-C control increased over this time and explained a substantial

percentage of the decline in CHD incidence and mortality. However, the approximate 2–3

fold higher risk for both CHD incidence and CHD mortality observed among individuals

with diabetes in 1987–1996 remained evident in 2003–2009, even after adjustment for CHD

risk factors including use of lipid-lowering therapy and LDL-C levels. In contrast, the higher

CHD case-fatality for those with versus without diabetes observed in 1987–1996 was no

longer present in 2003–2009.

Our findings are consistent with most prior studies, which have reported declines in CHD

incidence among individuals with diabetes. A study in Ontario, Canada reported a 15%

decline in MI rates over an 8 year period for those with diabetes after adjustment for age and

sex.(3) Similarly, a study in the UK reported declining MI rates between 2004 and 2009 for

those with diabetes and noted that diabetes was associated with an increased risk of MI

compared with individuals without diabetes.(6) A recent study using data from the US

National Hospital Discharge Survey also reported a decline in MI rates for adults with and

without diabetes, with the relative risk of MI for those with versus without diabetes

declining from 3.8 to 1.8 between 1990–2010.(37) The previous studies used administrative

and survey data and did not adjust for cardiovascular risk factors. At least one population-

based cohort in the US has examined changes in CHD incidence rates over time among

people with and without diabetes after adjusting for cardiovascular risk factors. In the

Framingham Heart Study, the CHD incidence rate declined 49.3% from the 1950s to 1990s

after adjusting for cardiovascular risk factors. However, diabetes remained associated with
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an increased risk of CHD at the end of the study period.(5) Our study extends these findings

by noting a persistently increased risk for both CHD incidence and mortality associated with

diabetes through 2009 after adjustment for cardiovascular risk factors.

Prior studies investigating changes in CHD mortality among individuals with diabetes have

reported inconsistent findings. Declines in CHD mortality among individuals with diabetes

have been reported in Rochester, MN (1970–1994),(8) Framingham, MA (1950–2001),(9)

North Dakota (1997–2002),(10) and Norway (1984–2004).(11) Conversely, an increase in

CHD mortality, albeit not statistically significant, was reported among Pima Indians

between 1975 and 1989.(14) Additionally, several other studies have reported sex

differences in CHD mortality changes among individuals with diabetes. In the NHANES I

Epidemiologic Follow-up Study, CHD mortality rates declined from 1971 through 1992 for

men with diabetes but increased for women with diabetes.(16) Another study using mortality

follow-up data from NHANES I, II, and III reported a decline in CHD mortality over time

for men with diabetes but no change for women with diabetes.(15) A recent Swedish study

also reported a decline in CHD mortality for men with diabetes but no change for women

with diabetes between 1972 and 2004.(17) In contrast, a study using data from the US

National Health Interview Survey reported declines in the CVD mortality rate between 1997

and 2006 for individuals with and without diabetes and did not observe any differences by

sex.(12) However, the previous study used a broader definition of CVD mortality based on

ICD-9 codes 390 to 448 (ICD-10 codes I00 to I78).(12) It is possible that multiple factors,

including differences in time periods evaluated, study population characteristics, and

methods to assess cause of death, may have contributed to the inconsistent results for CHD

mortality. In the current analysis, we used adjudicated CHD mortality events and identified

declines in CHD mortality overall for those with and without diabetes and did not observe

differences by sex for CHD mortality.

CHD case fatality has declined in community surveillance studies of the general population.

(1, 2) In the current analysis, the change in case fatality rates between 1987–1996 and 2003–

2009 was small and not statistically significant for those with and without diabetes. Diabetes

was not associated with an increased 28-day or 365-day case fatality in the late time period;

however, there were few case fatality events so caution should be taken when making

inferences based on these findings. Additionally, case fatality includes death from any cause

after a participant has had an adjudicated CHD event, so it is possible that clinical advances

in the diagnosis of CHD events, particularly in chronically ill patients, may have affected the

case fatality rates observed in the late time period in the current analysis.

The use of lipid-lowering medications has increased substantially since the 1990s,(18, 19,

38, 39) with concurrent decreases in mean levels of LDL-C.(39) As expected, a significant

increase in lipid-lowering medication use among individuals with and without diabetes as

well as a decrease in mean LDL-C between the early and late time periods was observed in

the current study. In the Framingham Study, LDL-C control improved between 1970 and

2005 for those without diabetes but was stable for those with diabetes.(24) In contrast, the

prevalence of LDL-C < 100 mg/dL increased among those with diabetes in our study, which

is in agreement with national data that identified significant increases in LDL-C control

among individuals with diabetes between 1999 and 2010.(40) However, it should be
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recognized that LDL-C associated risk may be underrepresented due to cholesterol-depleted

LDL particles that accompany type 2 diabetes.(41)

Several studies have investigated the effect of lipids and lipid-lowering medications on CHD

risk among individuals with diabetes.(22, 23, 38, 42) Using the IMPACT model, data from

Ontario, Canada showed that statin therapy would lead to the greatest reductions in CHD

mortality compared with other pharmacologic therapies.(23) These findings are in

agreement with our study, which found that the use of lipid-lowering medication and LDL-C

contributed to 33.6% and 27.2% of the observed decline in CHD incidence and mortality,

respectively, among those with diabetes.

This study has several potential limitations. Data from 2 community-based cohort studies

were included in this analysis. While both studies used standardized protocols, central

laboratories, and quality control procedures, there could have been systematic differences in

some of the data measures collected and the risk profiles of the participants that could have

affected the findings in this study. The clinical diagnosis of MI changed over the study

period, which alone could affect CHD changes. To address this issue, we did not classify

individuals in the 2003–2009 time period with troponin < 0.5 μg/L as a CHD case unless

there was ECG evidence to indicate a MI event. Also, the clinical cut-point for the diagnosis

of diabetes changed in 1997 from 140 mg/dL to 126 mg/dL. We defined diabetes using the

same glucose cut-point for both the early and late time periods, but it is likely that

individuals in the early time period had their diagnosis later based on the criteria used at that

time and this may have affected their risk for macrovascular disease. Additionally, other

changes occurred in diabetes management during this period that could have also affected

risk for vascular outcomes, including the introduction of metformin for diabetes therapy in

the US in 1995 and the increased focus on glycemic control as a quality performance

measure for diabetes management. Lastly, information on diabetes duration was not

available in this study.

In summary, CHD incidence and mortality declined between 1987–1996 and 2003–2009 for

middle-aged adults with and without diabetes. Despite the observed declines, individuals

with diabetes continue to have a substantially higher risk of CHD incidence and mortality

compared with those without diabetes. Increased lipid-lowering medication use and

improved LDL-C appear to explain a substantial proportion of the reduction in CHD

incidence and mortality over time among those with and without diabetes. These data

highlight the need for continued emphasis on diabetes prevention and increased appropriate

use of lipid-lowering therapy to achieve LDL-C control for both individuals with and

without diabetes.
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Figure 1.
Kaplan-Meier estimates for incident CHD and CHD mortality, stratified by time period and

diabetes status
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Figure 2.
Age, race, and sex-adjusted coronary heart disease case-fatality rates for individuals with

and without diabetes in 1987–1996 and 2003–2009
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