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ABSTRACT

Diabetes mellitus is a major cardiovascular risk factor and its prevalence has been increasing globally. This
review examines the contributions of the MESA (Multi-Ethnic Study of Atherosclerosis), a diverse
American cohort (6,814 adults ages 45 to 84, recruited from 2000 to 2002, 50% female, 62% nonwhite)
toward understanding the relationship between diabetes and clinical and subclinical cardiovascular disease.
People with diabetes have a high burden of subclinical vascular disease as measured by coronary artery
calcification (CAC), carotid artery intima-media thickness, valvular calcification, and alterations in left
ventricular structure. CAC substantially improves cardiovascular risk prediction. Among adults with
diabetes, 63% had CAC >0; above CAC >400 Agatston units the event rate was 4% annually, whereas an
absence of CAC was a marker of a very low cardiovascular disease rate (0.4% to 0.1% annually). These
stark differences in rates may have implications for screening and/or targeted prevention efforts based on
CAC burden. MESA has also provided insight on diabetes epidemiology.
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Diabetes mellitus was initially established as a cardio-
vascular disease (CVD) risk factor by the Framingham
Heart Study in 1979 [1]. Clinically, the strong association
of diabetes with CVD led diabetes to be labeled a coronary
heart disease (CHD) “risk equivalent” in the Adult Treat-
ment Panel III lipid management guidelines in 2002,
suggesting the risk of a CHD event was approximately 2%
per year (20% 10-year risk), equivalent to the rate of events
in an adult with previous CHD but without diabetes, and
thus recommending aggressive prevention via lifestyle
modification and lipid-lowering drugs [2]. A meta-analysis
of 102 prospective studies with 698,000 persons
(including data from MESA [Multi-Ethnic Study of
Atherosclerosis]) published in 2010 demonstrates that
diabetes confers an approximately 2-fold increase in risk of
coronary heart disease (hazard ratio [HR]: 2.00; 95%
confidence interval [CI]: 1.83 to 2.19), ischemic stroke
(HR: 2.27; 95% CI: 1.95 to 2.65), coronary death (HR:
2.31; 95% CI: 2.05 to 2.60), and other vascular deaths
(HR: 1.73; 95% CI: 1.51 to 1.98) [3]. The impact of dia-
betes on CVD is particularly important given the current
population burden of diabetes, which has approached 12%
to 14% of U.S. adults, depending on criteria used [4].
Although there has been a significant decline in CVD
mortality in the United States over the last 20 to 30 years,
and declines in some risk factors (notably cigarette smok-
ing) [5], the prevalence of diabetes has been increasing,
largely secondary to the obesity epidemic. CVD rates have
also declined among those with diabetes, although the rates
remain higher for those with the disease (than those
without diabetes) [6]. Also, heart failure remains a com-
mon and expensive health problem [5], for which diabetes
has also been recognized as a major risk factor for heart
failure [7,8].
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Despite the recognition that diabetes is an important
risk factor for all forms of CVD, there remains much to
learn regarding which persons with diabetes are mostly
likely to have events. Numerous papers have examined
whether diabetes is a CHD risk equivalent and a systematic
review suggest that there is not a uniformly elevated risk
[9]. Furthermore, how best to prevent CVD in this popu-
lation remains unclear. The effects of intensive glucose
control on CVD event rates in randomized clinical trials
appear to be modest [10] and �1 major trial found an
increase in mortality with aggressive glucose control (target
hemoglobin A1c <6%) [11]. Uncertainty also surrounds
potential mechanisms that underlie the propensity to
develop CVD. Finally, diabetes is more common among
American racial/ethnic minorities than among whites, and
thus is an important contributor to health disparities [12].
Within this context, MESA has made important contribu-
tions to understanding the impact of diabetes on CVD risk
in early 21st-century America.

MESA is a population-based cohort of 6,814 men and
women (38% white, 28% black, 22% Hispanic, and 12%
Chinese) ages 45 to 84 years without clinical CVD at
baseline (2000 to 2002); its detailed design and objectives
have been published [13]. Informed consent was obtained
from each participant, and Institutional Review Board
approval was granted at each site. As of January 2016, there
have been a total of 5 in-person examinations; at each visit,
medication use and fasting glucose values were ascertained,
allowing for the determination of existing and new (inci-
dent) diabetes in this cohort.

MESA inquired regarding having diabetes, using oral
medications or insulin, age at which diabetes medication
were first taken, and whether insulin was the first medi-
cation used. A medication inventory was also taken. MESA
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has defined diabetes as fasting glucose �126 mg/dl or use
of glucose-lowering medications. At study baseline, 10% of
the cohort had treated diabetes, and an additional 2.6%
had untreated or previously undiagnosed diabetes. Only 16
participants reported using insulin as their first diabetes
medication prior to age 30; thus it is assumed that most
diabetes in this study are type 2 diabetes mellitus (T2DM).
Another 12.4% had impaired fasting glucose (IFG)
(defined as glucose �100 mg/dl and without T2DM by
previous definition). The prevalence of total (treated and
untreated) diabetes at study baseline varied significantly by
race/ethnicity (Table 1).
DIABETES, SUBCLINICAL DISEASE,
AND CVD EVENTS
MESA has contributed to the elucidation of the association
of T2DM with subclinical CVD among middle- and older-
aged adults, specifically arterial calcification, and has pro-
vided evidence that these relationships differ by race/
ethnicity. At baseline, 63% of those with diabetes had a
CAC >0, compared with 48% of those without diabetes.
This finding is somewhat lower than in some other studies:
85% CAC >0 in a German sample of 716 with diabetes
[14]; and 84% of participants in a subset of the VADT
(Veterans Affairs Diabetes Trial) [15]. However, the VADT
sample was 95% male and 38% of the participants had
previous CVD. The highest prevalence of measurable CAC
in MESA was in whites, followed by Chinese, Hispanics,
and blacks (Table 1) [16]. The prevalence of any CAC and
CAC burden compared with their counterparts without
diabetes is presented in the Figure 1. When adjusting for
traditional risk factors, body mass index, education, and
use of cholesterol-lowering medication, diabetes was only
marginally associated with the presence of any CAC in each
of the racial/ethnic groups (relative risk [RR] of 1.07 to
1.10) but was strongly associated with the amount of CAC
in each ethnic group. The relative difference in coronary
calcification associated with diabetes ranged from 1.37
(95% CI: 1.03 to 1.81) in whites, 1.38 (95% CI: 1.02 to
1.87) in Hispanics, 1.58 (95% CI: 1.20 to 2.09) in blacks,
and 2.37 (95% CI: 1.59 to 3.53) in Chinese [17]. To put
TABLE 1. Characteristics of MESA participants 2000 to 2002

Characteristic White

Diabetes prevalence, % 6.0

Prevalence of CAC >0% among participants

with diabetes

78

Geometric mean CAC score for participants

with diabetes

145.5

RR for prevalence of CAC >0* (95% CI) 1.07 (0.99e1

Relative difference in amount of CAC, if CAC >0y 1.37 (1.03e1

CAC, coronary artery calcification; RR, relative risk.

*Relative risk associated with diabetes.
yRelative difference in burden of CAC associated with diabetes.
this in context, a relative difference of 1.50 represents a
50% increase in the amount of CAC.

The notable difference between blacks and whites in
CAC prevalence was further explored in subsequent re-
ports that pooled data from MESA, the Family Heart Study,
and the Diabetes Heart Study, which yielded a sample of
835 black and 1,122 white adults with diabetes [18,19]. In
this combined cohort, the prevalence of CAC >0 was
lower in both black men and women, compared with white
men and women. However the relationship between risk
factors and CAC did not differ between races. Thus, racial
differences in CAC prevalence among adults with diabetes
are likely due to unmeasured risk factors and/or genetic
susceptibility [18,19].

Diabetes was associated with an increased risk of
incident CAC: RR for treated diabetes 1.37 (95% CI: 1.05
to 1.79) after adjusting for lipids, body mass index, race,
age, sex, and family history of heart attack. MESA also
found that T2DM was the strongest risk factor for CAC
progression even with adjustment for baseline CAC scores
[20]. There was also evidence of a racial/ethnic difference
in the effect of diabetes. Treated diabetes was associated
with an estimated 48 more units of CAC progression in
blacks, 28 more units in whites, 19 in Chinese, and 7 units
among Hispanics [20].

Consistent with previous studies [3,21], Yeboah et al.
[22] found that after a 7.5-year median follow-up in MESA
participants, T2DM was associated with incident CVD
(adjusted HR: 1.87; 95% CI: 1.47 to 2.37), which included
myocardial infarction, angina, cardiac arrest, stroke, and
fatal cardiovascular events. McClelland et al. [23] pub-
lished a 10-year CHD risk calculator that demonstrates that
adding CAC substantially improved risk prediction in
MESA: the area under the curve of the traditional risk
factor model was 0.760 and adding CAC raised it to 0.814.
In a model adjusted for demographics and standard
risk factors, the adjusted HR associated with T2DM was
1.68 (p < 0.001). In a model adjusting for those variables
plus coronary artery calcium, the HR associated with
T2DM was 1.48 (p ¼ 0.002) [23]. These previous studies
examining the association between T2DM and CVD did
not include heart failure as a clinical event. However,
Black Hispanic Chinese

17.6 17.7 13.1

54 58 68

106.7 95.6 120.3

.17) 1.10 (1.00e1.21) 1.08 (0.97e1.19) 1.09 (0.94e1.27)

.81) 1.58 (1.20e2.09) 1.38 (1.02e1.87) 2.37 (1.59e3.53)
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FIGURE 1. Prevalence of a nonzero CAC score (right) by diabetes status and the median and interquartile range of the
CAC scores (left) among participants with a nonzero CAC score by race/ethnicity group in the MESA (Multi-Ethnic
Study of Atherosclerosis). Prevalence (unadjusted p < 0.001) and amount (unadjusted p < 0.001) of CAC significantly
higher for those with diabetes compared with those without diabetes in each ethnic group. Adjusted comparisons
detailed in the text. CAC, coronary artery calcification.
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T2DM has also been associated with a heightened risk for
incident heart failure in MESA (RR: 2.06 (95% CI: 1.25 to
3.39) [24]).

MESA has demonstrated that CAC predicts incident
CVD events [25] better than other subclinical atheroscle-
rosis measures in adults with diabetes. Using data from
MESA and the Heinz-Nixdorf study (a German cohort with
subclinical atherosclerosis measures) Yeboah et al. [26]
assessed whether CAC, ankle-brachial index, or carotid
intima-media thickness when added to traditional risk
factors, predicted incident CHD better than other risk es-
timators specifically for those with diabetes (Framingham,
and the diabetes-specific UKPDS [U.K. Prospective Dia-
betes Study] risk score). There are several notable findings.
First, CAC was a better predictor of incident events in
adults with diabetes than either ankle-brachial index or
carotid intima-media thickness. Second, a novel scoring
algorithm derived from this sample had a high area under
the curve (AUC) (0.76) and outperformed the Framingham
Risk Score (AUC: 0.70) and UKPDS (AUC: 0.69). The
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8-year MESA-HNR (Heinz Nixdorf Recall) Diabetes CHD
risk score used age (above or below age 65), sex, systolic
blood pressure, duration of diabetes, and CAC in the cat-
egories of 0 to 24, 25 to 124, 125 to 399, and 400þ. A
final notable result from this paper is that the lowest
category (0 to 24) CAC score was associated with a lower
risk of CHD. In fact, the absence of CAC or a low CAC
score (<25) was protective—it was a “negative” factor in
the points-based system.

Malik et al. [27] highlights the heterogeneity of event
rates by diabetes and CAC status. Among those with dia-
betes and CAC �400, the annual rate of incident CHD and
CVD was 4% and 5.1%, respectively. However event rates
were very low in the absence of CAC: CHD 0.4%; and CVD
0.8% [27]. Clearly, T2DM does not necessarily confer a
uniformly high absolute risk of CVD, even if it there is still
an increased risk on the relative scale (event rates for those
without T2DM and no CAC are in the 0.1% to 0.2% range
for CHD and CVD). Reasons for this were explored by
Yeboah et al. [28], which demonstrated that the
339
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relationship between diabetes and CVD is only partially
mediated (19.4%, 95% CI: 12.8 to 40.0) by CAC burden.
One possible explanation for these finding is that MESA
did not ascertain noncalcified coronary artery plaque.
Another interpretation is that diabetes promotes CVD
events via other, non-atherosclerosis-related mechanisms.
Diabetes and non-CAC subclinical CVD measures
Diabetes affects the entire vascular system; thus, it is
perhaps not surprising that MESA has demonstrated that
T2DM is also associated with other subclinical vascular
disease measures. For example, diabetes is associated with
an increased prevalence of aortic valve calcium (RR: 2.1
for diabetes in women and 1.7 for men) [29] as well as
associated with an increased risk of incident aortic valve
calcium (adjusted odds ratio [OR]: 2.1; 95% CI: 1.4 to 3.1)
[30]. Diabetes is also associated with an increased preva-
lence of thoracic aortic calcification (38%) compared with
those with neither diabetes nor metabolic syndrome (24%)
[31]. Diabetes was also found to be associated with
reduced aortic distensibility, as assessed by cardiac mag-
netic resonance imaging, particularly in participants
younger than age 65 [32]. Finally, diabetes is postulated to
affect cardiac structure/function and thus to predispose to
heart failure abnormalities [33]. The effect of diabetes on
left ventricular mass, end-diastolic volume, and ejection
fraction (as measured by cardiac magnetic resonance im-
aging) [34] was assessed and determined whether any
differences were independent of subclinical atherosclerosis.
Bertoni et al. [34] found small but significant differences in
left ventricular parameters among those with IFG and
diabetes compared with those with normal fasting glucose
even after adjusting for subclinical atherosclerosis; how-
ever, the pattern of abnormality and the degree to which
risk factors and subclinical atherosclerosis modified the
association differed by race/ethnicity.
Pre-diabetes and CVD
MESA has provided evidence that the association between
glucose metabolism and subclinical atherosclerosis may
begin before the onset of clinical diabetes. For example,
insulin resistance (estimated by homeostatic model assess-
ment of insulin resistance [HOMA-IR]) was associated with
prevalent CAC, but this association did not remain after
adjustment for metabolic syndrome variables [35]. Another
analysis that used a smaller sample of MESA participants,
but took into account adipokines, inflammatory markers,
and body fat composition, found a modest independent
association between insulin resistance and the prevalence of
CAC, but not with the amount of CAC [36]. Blaha et al. [37]
found a graded increase in CAC incidence and progression
with increasing HOMA-IR. However, HOMA-IR was not
predictive after adjustment for nonglucose metabolic syn-
drome components [37]. The conclusion from these papers,
taken together, is that the independent association between
insulin resistance and vascular calcification is likely at best
very modest and confounded by metabolic syndrome
components.

Finally, MESA data suggest that IFG is associated with
heightened risk for silent (or unrecognized) myocardial
infarction. There was a higher prevalence of unrecognized
myocardial infarction at baseline in those with IFG
compared with those with normal glucose levels (3.5% vs.
1.4%), the association remained after adjustment for
multiple risk factors (OR: 1.60; 95% CI: 1.0 to 2.5; p ¼
0.048) [38]. A similar magnitude of risk was found for the
association between IFG and incident CV events (at 7.5
years follow-up): unadjusted HR 1.64 (95% CI: 1.26 to
2.14), but after adjusting for traditional risk factors, the HR
was 1.16 (95% CI: 0.88 to 1.52) [22].

INSIGHTS ON DIABETES EPIDEMIOLOGY
Consistent with population prevalence estimates showing
excess diabetes in racial/ethnic minorities compared with
whites, the incidence rate in MESA was 21.9 per 1,000 for
Hispanic, 21.6 per 1,000 for blacks, 16.2 per 1,000 for
Chinese, and 11.1 per 1,000 for whites [39]. MESA has
investigated the utility of previous diabetes risk equations
at predicting incident T2DM in a more modern and
multiethnic cohort [40] and also has investigated nontra-
ditional risk factors for T2DM such as inflammation [39]
and depression [41]. Lutsey et al. [42] showed that the
relationship between obesity measures (body mass index
and waist circumference) and incident diabetes varies by
race/ethnic group. The slope of incident diabetes per
anthropometric unit was greatest for Chinese, less for
whites and Hispanics, and still less for blacks. At a small
waist circumference (<85 cm/33.5 inches), the risk of
incident diabetes was <1 per 100 person-years for all
racial/ethnic groups. At intermediate waist levels, Chinese
had the highest and whites the lowest rates of incident
diabetes. Adiposity influenced relative diabetes occurrence
across racial/ethnic groups, in that Chinese had a steeper
diabetes risk per unit of adiposity [42].

MESA has also provided evidence regarding how
neighborhood factors influence the incidence of T2DM
[43,44]. The physical activity environment was assessed by
2 independent metrics: the density of commercial recrea-
tional establishments (e.g., gyms) surrounding participants;
and a survey of participants’ perceptions of the walking
environment. The healthy food environment was similarly
assessed: 1 survey measured the density of supermarkets
and other fruit and vegetable outlets; and the other survey
was based on perception of availability of healthier foods in
the neighborhood. Long-term exposure to residential
environments with greater resources to support physical
activity was associated with a lower incidence of T2DM
over a 10-year period. Participants in the lowest tertile of
neighborhood physical activity resources had an incidence
rate of 20.5 per 1,000 person-years, whereas the highest
tertile rate was 11.8 per 1,000 person-years. The
GLOBAL HEART, VOL. 11, NO. 3, 2016
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association between diabetes and a healthier food envi-
ronment followed a similar but not as robust pattern [44].

SUMMARY
The association between diabetes and CVD is well estab-
lished. MESA has confirmed that in a multiethnic sample
reflective of Americans living in the 21st century, diabetes
remains an important risk factor for incident CVD
including heart failure. MESA provided new insights
regarding the relationship between diabetes and subclinical
CVD, including vascular calcification and heart structure
and function. Among subclinical CVD markers, CAC can
substantially improve risk prediction in adults with dia-
betes. Furthermore, MESA has shown that those with
diabetes with a low burden of CAC are much less likely to
have events within a 5- to 10-year horizon. These findings
refute the notion that diabetes is a “CVD risk equivalent,”
in other words, that all adults with diabetes have a high
absolute rate of incident CVD in the short term. It remains
to be seen whether CAC screening will become a routine
part of clinical practice, or whether guiding preventive
therapies by the presence or burden of CAC would yield
benefits. Finally, the data from MESA regarding the inci-
dence of diabetes are consistent with existing knowledge
regarding diabetes prevention, that is, healthier lifestyle
choices are paramount. The excess risk of diabetes among
ethnic minorities has substantial implications for the
increasingly diverse United States. The findings regarding
neighborhood-level factors that influence diabetes risk are
intriguing and suggest that intervening at the community
level may be a promising way to address the ongoing
diabetes epidemic that the United States and many other
nations are battling.
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