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Cardiovascular Disease in Children and Adolescents with
Diabetes: Where Are We, and Where Are We Going?
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Abstract

The increasing prevalence of type 1 and type 2 diabetes mellitus combined with advancement in early detection of cardio-
vascular disease (CVD) has placed CVD as a significant concern for preventative pediatric medicine. The public health
burden of type 2 diabetes is predicted to parallel increasing obesity in children with a projected increase of early CVD in
adulthood. In this article, we review practice guidelines for cardiovascular health in children and adolescents with diabetes
and data on which they are based. We then focus on imaging modalities that are promising tools to expand our under-
standing of the cardiovascular risk imposed on youths with diabetes.

Introduction

The rising prevalence of type 1 and type 2 diabetes (T1D
and T2D, respectively) mellitus combined with ad-

vancement in early detection of cardiovascular disease (CVD)
places future CVD complications of diabetes at the forefront
of preventative pediatric medicine. CVD in diabetes patients
manifests as macrovascular disease, which includes cerebro-
vascular events, peripheral vascular disease, cardiac dys-
function, and myocardial ischemia, and such complications
are major causes of morbidity and mortality in both T1D and
T2D.1–4 According to two major international registries,
EURODIAB and DIAMOND, most regions in the world are
seeing a steady increase in T1D, with a worldwide T1D inci-
dence increasing by 3% per year, yielding an estimate of
65,000 newly diagnosed cases per year.5 In the United States,
the prevalence of T1D was estimated by the SEARCH for
Diabetes in Youth study (a multicenter study comprising six
centers with multiple races and ethnicities) to be 2.28/1,000 in
youths younger than 20 years of age, with 154,369 youths with
diabetes in 2001.6 Similarly, the burden of T2D is predicted to
worsen and parallel increasing obesity in children7 with a
projected increase of early CVD in adulthood.8

Although overt CVD rarely presents during childhood,
evidence from autopsy studies suggests that subclinical dis-
ease is already present as early as adolescence. The landmark
U.S. Army study in 1953 looking at autopsies of young men
who died during the Korean War (average age, 22 years) re-
ported a high frequency of advanced atherosclerosis in coro-
nary arteries.9 In a substudy of the Bogalusa Heart Study,
aortic fatty streaks had a strong relationship to postmortem

levels of total cholesterol and low-density lipoprotein-
cholesterol (LDL-c) in those without diabetes with a mean age
of death at 18 years.10 Similarly, in a large study of 2,876 sub-
jects between 15 and 34 years old, the Patholobiological De-
terminants of Atherosclerosis in Youth Study11 showed that
atherosclerotic processes begin as early as the late teen years in
autopsy specimens. Findings of atherosclerotic lesions in ado-
lescent patients make a powerful argument that the coronary
artery disease (CAD) process begins very early in life and that
risk factors need to be determined in the subclinical disease
state if any impact is going to be had in decreasing early CVD.

Long-term follow-up of research cohorts into adulthood
has been used to make determinations of longitudinal CVD
risk in children,8 and surrogate markers have been required to
substitute for clinical end points.12 Inherent to this approach is
the uncertainty of the relationship between surrogate markers
and CVD events. That is, surrogate markers may be associ-
ated with a disease but not be part of the pathophysiology of
the disease. Furthermore, although surrogate markers are
often used to determine the effect of an intervention, they may
not be sensitive to the intervention or are part of a pathway
that is not affected by the intervention.13 The limitations
of surrogates must be understood to manage and stratify
risk for CVD. Surrogates may be biomarkers, structural
markers, or functional markers. Biomarkers include measures
of glycemia (hemoglobin A1c [HbA1c]), lipoprotein metabo-
lism (lipid panel), and inflammation (high-sensitivity C-
reactive protein). Structural markers may be echocardio-
graphic and computed tomography (CT) assessment of
coronary artery calcification (CAC). Examples of functional
markers are noninvasive measurement of endothelial function
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with pulse-wave velocity, augmentation index, and brachial
artery dilation. All surrogates inadequately predict cardiovas-
cular events, but some such as LDL-c14,15 have been shown in
large studies to strongly predict CAD.

In this article, we review practice guidelines for cardio-
vascular health in children and adolescents with diabetes and
the data on which they are based. Whenever possible and for
the ease of comprehension, we will discuss T1D patients first
under each topic, followed by T2D patients. We then focus on
imaging modalities that are very promising tools to expand
our understanding of the impact of CVD on youths with
diabetes.

Burden of CVD

T1D

Historically, the estimated cumulative mortality rate from
CAD in T1D patients is 35% by 55 years of age compared with
4–8% for subjects without diabetes,16 making it the most fre-
quent cause of mortality in people with T1D.17,18 In the third
decade after the diagnosis of T1D, CVD accounts for 67% of
deaths.19

The Diabetes Control and Complications Trial/Epidemiol-
ogy of Diabetes Interventions and Complications (DCCT/
EDIC) study found that intensive glycemic control in T1D pa-
tients decreased the risk of CVD events by 57%.20 This study
provides compelling evidence to support targeting glycemic
control in an effort to reduce macrovascular disease. Similarly,
the Pittsburgh Epidemiology of Diabetes Complications
Study21 found that each 1% decrease in HbA1c was associated
with a decrease in CAD by 23% (defined as angina, myocardial
infarction, ischemia, revascularization, or fatal CAD).

T2D

Obese children are at risk for developing metabolic syn-
drome, which includes insulin resistance and glucose intol-
erance, and are at a high risk for becoming obese adults with
progression to T2D.22 The United Kingdom Prospective Dia-
betes Study followed a cohort of 5,102 T2D patients over 20
years and found that intensive glycemic control was associ-
ated with a 16% reduction in fatal and nonfatal myocardial
infarction, although this was not quite statistically signifi-
cant.23

Pathophysiology

T1D

In T1D youths with suboptimal HbA1c, lipid profiles are
higher than in control subjects, whereas those with optimal
HbA1c have similar or even less atherogenicity than youths
without diabetes.24 Nonetheless, T1D patients as a whole are
susceptible to oxidative damage and have high-density lipo-
protein (HDL)-cholesterol (HDL-c) dysfunction.25 Elevated
apolipoprotein B levels and small, dense LDL-c particles were
observed in T1D patients compared with controls without
diabetes regardless of their glycemic control,24 suggesting that
even mild hyperglycemia can be associated with atherogenic
lipoprotein changes.26 Although less commonly considered a
component of T1D, insulin resistance is part of the patho-
physiology of T1D27 and likely contributes to the increased
CVD in T1D. Additionally, inflammation, fibrosis, mito-

chondrial dysfunction, and autonomic disorder have been
hypothesized as potential causes of cardiac dysfunction in
T1D.28,29 Cardiac dysfunction is defined as impaired systolic
or diastolic function in the absence of clear ischemic heart
disease.30

T2D

The promotion of atherogenesis in T2D is a complex pro-
cess involving compensatory mechanisms for hyperglycemia
and elevated circulating free fatty acids and inflammation.23

Increased abdominal adiposity stimulates the liver to increase
production of triglyceride-rich lipoproteins and a decrease
in HDL, all of which lead to the dyslipidemia seen in T2D
patients. Adipocytes stimulate a cascade of inflammatory re-
sponse beginning with tumor necrosis factor-a, which stim-
ulates the liver to produce C-reactive protein, fibrinogen, and
plasminogen activator inhibiter-1, with the last two promot-
ing thrombosis.23

Furthermore, in both forms of diabetes, glucose reacts with
protein molecules forming conjugates called advanced gly-
cation end-products, which when stimulated further activate
inflammatory responses from endothelial cells, smooth
muscle cells, and macrophages, all of which are involved in
atherogenesis.23 As a consequence of hyperglycemia-induced
activation of protein kinase C, pro-inflammatory gene ex-
pression increases, which in turn increase CVD risk. Also in-
volved are blood flow abnormalities, vascular permeability,
angiogenesis, and capillary occlusion.31

Risk Factors

Among the list of risk factors of early onset of atheroscle-
rosis in the pediatric population, the American Diabetes
Association (ADA) panel included diabetes, along with ele-
vated LDL-c, family history of premature CVD or peripheral
vascular disease, smoking, hypertension, HDL-c < 35 mg/dL,
obesity (body mass index [BMI] ‡ 95%), and physical in-
activity.32

Dyslipidemia

T1D children with poorly controlled glucose are prone to
lipid abnormalities, as previously discussed.32 In T2D, similar
to obese patients, lipid profiles are often characterized by an
elevated triglyceride level, normal to elevated LDL-c levels,
and decreased HDL-c levels. Studies in T2D adult populations
have suggested the condition is also associated with lipid and
lipoprotein abnormalities such as small, dense LDL-c parti-
cles,33,34 which are associated with increased CVD risk.24 The
association between lipid abnormalities and diabetes places
both T1D and T2D children at risk for development of early
CVD. In fact, the longitudinal Bogalusa35 and Muscatine36

studies indicate that children with increased CVD risk factors,
including dyslipidemia, are also at increased CVD risk as
adults. It is important that the Bogalusa Heart study showed
correlation of LDL-c, blood pressure (BP), BMI, and fasting
insulin with aortic and coronary fatty streaks with autopsy
results in teens.35

Other factors

Lipid abnormalities are just one of many factors that in-
crease the risk of CVD in both T1D and T2D pediatric patients.
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Traditional cardiovascular risk factors in T1D patients include
duration of diabetes, hypertension, smoking, inflammatory
markers, and renal disease.37 Among pediatric T2D studies
the mean age of diagnosis of T2D is 13.5 years—also the
period of peak physiologic pubertal insulin resistance, which
contributes to the onset of dysglycemia.38 Hypertension is
also seen in T2D patients, ranging from 17% to 32% in
published reports.39 Among children and adolescents with
increased CVD risk factors, there is often a strong family
history of early CVD.39 It is surprising that in the SEARCH for
Diabetes in Youth study, among 3,466 T1D and T2D youths,
tobacco use was reported in 17% of 15–19-year-old and 34%
of ‡ 20-year-old T1D subjects and 16% of 15–19-year-old and
40% of ‡ 20-year-old T2D subjects.40 Tobacco use was asso-
ciated with higher odds of elevated triglyceride levels and
physical inactivity.40

Guidelines for Managing Hypertension, Dyslipidemia,
and Other CVD Risk Factors in Children
and Adolescents with Diabetes

Dyslipidemia

The ADA consensus statement outlined the standard
approach to managing dyslipidemia in all types of children
and adolescents with diabetes.32,41 Initial screening was re-
commended after achieving glycemic control and differs for
T1D versus T2D.

T1D. In the T1D group, those without a family history of
early CVD or unknown family history and who are ‡ 12 years
or at the onset of puberty should have screening at diagnosis
once achieving glycemic control. This should be repeated
every 5 years if the initial screen is normal. If family history is
of concern, T1D children ‡ 2 years of age should have a fasting
lipid profile soon after diagnosis and after achieving glucose
control. If lipid screening is abnormal, annual screening is
recommended.

T2D. For T2D patients, a lipid profile should be obtained
at diagnosis and every 2 years if it is normal.

The targets for lipid management for all children with
diabetes as defined by the ADA32,41 and the American
Heart Association (AHA)42 are LDL-c < 100 mg/dL, HDL
> 35 mg/dL, and triglycerides < 150 mg/dL. Both the ADA
and AHA emphasize integration of appropriate diets and
weight reduction and minimizing other risk factors like hy-
pertension, smoking, obesity, and inactivity before initiating
medical treatment. Medications can be considered based on
the child’s age, other CVD risk factors in addition to LDL-c
levels, and family history according to published guidelines.

BP

T1D. A statement by the AHA in 2006 stratified diabetes
patients by risk of atherosclerosis in order to guide manage-
ment of comorbidities.39 T1D patients are in the high-risk Tier
I secondary to the earlier age of diagnosis, the more severe
degree of hyperlipidemia, and presence of symptoms. If
the BP is ‡ 90th percentile, initial therapy consists of a reduced
salt diet for 6 months with increased physical activity. If
systolic BP remains > 95%, angiotensin converting enzyme
inhibitors are recommended to keep the BP < 90th percentile

or < 130/80 mm Hg, whichever is lower. The ADA also rec-
ommended that systolic BP should be < 130 mm Hg with
initial change in diet and increase in activity to achieve this
prior to considering medications.41,43

T2D. Per the AHA,39 T2D patients are classified in the
moderate-risk Tier II. If the BP is between 90% and 95% or
> 120/80 mm Hg, a decrease in calories and an increase in
activity level change are recommended. Pharmaceutical
therapy is recommended if the BP remains > 95% after 6
months. In these patients, obesity is an important consider-
ation, and appropriate diet is recommended to keep the BMI
< 95%. However, if T2D adolescents have more than two
additional CVD risk factors, which is common, they are con-
sidered to be in the high-risk Tier I. Additional research will
help clarify the relative risks of CVD for T1D versus T2D in
youth.

Other CVD risk factors

The National Heart, Lung, and Blood Institute Expert Panel
published comprehensive guidelines in 2011 aimed at pri-
mary care providers to identify and manage cardiovascular
risk factors in children and adolescents 0–21 years old.44 The
two goals from these guidelines were (1) to prevent the de-
velopment of risk factors and (2) to manage risk factors in
order to prevent future CVD. Within these guidelines are
specific recommendations for appropriate diets and activity
level, tobacco exposure, lipid screening, and BP management.

Shifting paradigm

Two recent major intervention trials, the Action to Control
Cardiovascular Risk in Diabetes (ACCORD study)45 and the
Action in Diabetes and Vascular Disease (ADVANCE trial),46

question how intensive treatment of glycemia should be in
T2D patients. Because these studies are in adults, how these
data are extrapolated to youth with diabetes is uncertain.
Tight glycemic control and meeting CVD targets remain
consensus goals in pediatric diabetes.

In the ACCORD trial,45 10,251 subjects with a median T2D
duration of 10 years and mean age of 62 years were enrolled to
determine if intensive management would decrease the risk
of cardiovascular events. The three goals for the intensive
management group were (1) glycemia with HbA1c < 6.0%, (2)
hypertension with systolic BP < 119 mm Hg, and (3) triglyc-
eride and HDL, with goal triglyceride of 22 mg/dL lower and
HDL 1 mg/dL higher than the control arm. The study showed
an excess in the number of CVD deaths and nonfatal myo-
cardial infarction in the intervention compared with the
control group. This study suggests that the pathophysiology
of CVD in T2D is not fully understood and that extrapolation
of these data to pediatric patients is uncertain.

Cardiovascular Imaging

The recent explosion of advanced noninvasive imaging
modalities has allowed further understanding of the early
involvement of the heart and vasculature in the diabetes state
with future potential clinical application. Direct evidence of
disease even in the subclinical disease period is possible.
These modalities used for determining vascular function in-
clude plethysmography of the brachial artery to determine
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flow-mediated dilation and measures of arterial stiffness
including pulse-wave velocity, augmentation index, and
brachial distensibility. Imaging surrogates of atherosclerosis
include carotid intima-media thickness (CIMT) and CAC
determination by CT.28 The DCCT/EDIC study has provided
important data on the use of cardiovascular imaging, in-
cluding CIMT47 and CAC,48 as surrogates for CVD in T1D.

Both cardiac and vascular dysfunctions are reported in T1D
adults.28,49 Diabetic cardiomyopathy, defined as cardiac
dysfunction in diabetes patients independent of coronary
artery disease or hypertension, involves progression of dia-
stolic to systolic dysfunction.50 Although systolic function is
often not affected in adolescents, diastolic dysfunction was
found to be evident in young insulin-dependent patients in-
dependent of disease duration.49 Vascular dysfunction also is
present as early as adolescence in T1D and is in fact dependent
on disease duration.51 Here, we define vascular dysfunction
as increased vascular stiffness and endothelial dysfunction in
which the endothelium changes towards a vasoconstrictor,
pro-thrombotic, and pro-inflammatory state.52 Endothelial
dysfunction therefore plays a critical role in the development
of atherosclerotic disease.53

Plethysmography

Venous occlusion plethysmography involves external oc-
clusion of an extremity and determining change in the local
blood flow as a reflection of peripheral resistance. In both T1D
and T2D adolescents, this was reduced compared with nor-
mal subjects.54,55 Further study demonstrated that abnormal
plethysmography was an independent predictor of decreased
maximal O2 uptake in T1D youths,55 indicating reduced ex-
ercise capacity in these patients as well.

Brachial artery ultrasound to determine
flow-mediated dilation

Flow-mediated dilation studies such as brachial reactivity
is performed by exposing local vasculature to ischemia and
monitoring its nitric oxide-mediated vasodilation as reflected
by increased flow. Studies show impaired endothelium-
dependent flow-mediated dilation, indicating vascular dys-
function in T1D youths56 and specifically in children and
adolescents with positive family history for CVD, familial
hyperlipidemia, and obesity.57

Arterial stiffness

Arterial stiffness, defined as the reciprocal of distensibility,
or the elasticity of a vessel,57 is an independent predictor of
cardiovascular mortality in adults (Fig. 1).58 Factors that affect
this property are arterial pressure, stroke volume, and vas-
cular resistance. Imaging techniques used to measure vascular
stiffness include arterial pressure waveforms, change in the
diameter of an artery compared with the distending pressure,
and pulse-wave velocity.57,58 This last technique is the refer-
ence for determining arterial stiffness in the adult population,
but more data in young diabetes patients are needed.59 In a
SEARCH substudy of 535 subjects with T1D (mean age, 17.8

FIG. 1. Pulse-wave velocity of the carotid and femoral arteries assessing arterial stiffness. This technique measures the speed
of pressure propagation through a vessel. The speed is dependent on shape and elastic properties of the vessel.

FIG. 2. Coronary tomography in a patient with positive
evidence of calcification in the coronary arteries (identified
by the arrows).
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years) there was lower brachial distensibility and higher
augmentation index compared with patients with no diabe-
tes, both suggesting increased arterial stiffness.59 It is inter-
esting that in this group, males were more likely to have
vascular abnormalities. This finding of increased augmenta-
tion index was found in two other studies of T1D youths60,61

and one of T2D youths.62

CIMT

In adult studies, CIMT is a marker of preclinical athero-
sclerosis and correlates with cardiovascular risk factors. CIMT
predicts CVD and is associated with the severity of CAD in
adults.63–65 In a small study of 31 teenagers with T1D (mean
age, 15 years), diabetes patients were found to have normal
CIMT but significantly decreased endothelium-dependent
vasodilation. This supports the idea that endothelial dys-
function occurs early after the diagnosis of T1D, even before
any changes are seen in CIMT.66 In another study of 41 chil-
dren with T1D (mean age, 11 years), 36% had evidence of

endothelial dysfunction defined as total brachial artery flow-
mediated response, significantly increased CIMT, and higher
LDL-c concentration.67

Although these data demonstrate differences early in the
course of T1D, several concerns for interpretation of CIMT in
pediatrics have been raised. This includes understanding the
effect of body size difference, age, ethnicity, sex, and the cost-
effectiveness for identifying high-risk youths as well as
methodologic challenges with reproducibility for longitudi-
nal studies.57

Electron-beam CT or spiral or helical CT

Electron-beam CT or spiral or helical CT measures CAC
in coronary vessels and predicts future coronary events
(Fig. 2).56,68 In the Coronary Artery Calcification of Type 1
Diabetes (CACTI) study of 652 adults with T1D (mean age of
37 years, T1D duration of 23 years), T1D was associated with
3.5-fold increased odds of having positive CAC compared
with controls without diabetes.27,69 In younger people with

FIG. 3. Mitral inflow spectral Doppler in an obese adolescent female. The E-wave represents the early diastolic passive flow
into the ventricle, and the A-wave represents atrial contraction. The E:A wave ratio is above 1.0 in patients with normal
diastolic function.

CVD IN CHILDREN WITH DIABETES S-15



T1D, 17–28 years old, 11% had CAC.70 However, measuring
CAC exposes patients to significant radiation and is not an
appropriate screening test for pediatric patients. Un-
fortunately, there are no current biomarkers or imaging
techniques that may serve as an alternative for such early
signs of CAD in adolescents.71

Echocardiogram

Cardiac dysfunction has been shown in adult diabetes pa-
tients by echocardiographic findings.72,73 A few studies have
been published in children and adolescents that suggest early
findings of cardiac dysfunction, although these studies have
small numbers of patients, and these differences may not be
clinically significant. T1D patients, 12–18 years old, had sim-
ilar left ventricular dimensions but increased septal thickness,
compared with control patients without diabetes.74 The mitral

E-wave (early ventricular diastolic filling) velocity, a preload-
dependent parameter, has been shown in adults to correlate
with left ventricular filling pressures75 (Fig. 3). The E:A
(A-wave represents atrial contraction) ratio is used to reflect
relaxation impairment also. Comparison of T1D patients
(mean age, 18.5 years) with subjects without diabetes showed
no difference in cardiac systolic function.76 However, T1D
patients with microalbuminuria and/or retinopathy showed
a statistically lower E:A ratio and E-wave reflecting decreased
diastolic function.76

In one study, normotensive, normoalbuminuric T1D ado-
lescents (mean age of 17.3 years, T1D duration of 8.5 years)
had decreased nocturnal BP change, decreased heart rate
variability, and left ventricular end-diastolic and end-systolic
diameter, suggesting compromised autonomic function
and impaired left ventricular function.77 T1D children also
have a larger Tei index, which is the addition of isovolumic

FIG. 4. Global and regional strain as determined by speckle tracking through a short axis view of the left ventricle at the
level of the papillary muscle in an obese 15-year-old female.
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contraction and isovolumic relaxation divided by the ejection
time and is used to reflect global cardiac function.75

In obese children with BMI ‡ 25 kg/m2, diastolic dys-
function has been suggested with the E:A ratio being signifi-
cantly lower in the obese children and inversely related to the
BMI.78 Hyperinsulinemia and insulin resistance have been
associated with abnormal myocardial collagen to muscle ratio
and may contribute to the observed diastolic dysfunction.79

Support for this comes from rat models of T2D in which the
prediabetes state is associated with left ventricular fibrosis
and diastolic changes.80

Speckle tracking imaging is an echocardiographic-based,
angle-independent technique that tracks regions of myocar-
dium over time to determine deformation (Fig. 4). Conven-
tional echocardiogram, tissue Doppler imaging (Fig. 5), and
speckle tracking imaging of 47 children and adolescents with
T1D (mean age of 12.8 years, mean T1D duration of 3.4 years)
were compared with those of pediatric subjects without dia-
betes.81 There were no differences in any of the speckle
tracking parameters, including strain or strain rate (indicators
of contractility). In addition, there were no differences in
tissue Doppler indices of diastolic or systolic function, but
there was correlation between diastolic parameters and

HbA1c, suggesting that diastolic dysfunction in children with
T1D is accelerated by poor glycemic control.81

Novel imaging techniques

More recently studied imaging modalities have been used
in diabetes patients, but with fewer data in the pediatric
population. Intracoronary ultrasound in T1D patients (mean
age, 43 years) showed that 71% of asymptomatic T1D patients
had a mean plaque area of > 40% compared with only 33% of
age-matched heart transplant controls (P < 0.0001).82 In the
DCCT/EDIC study, 1,017 T1D patients (mean age, 49 years)
underwent cardiac magnetic resonance imaging (MRI) with
gadolinium. HbA1c and macroalbuminemia were associated
with left ventricular structure abnormality as well as myo-
cardial scar.83

MRI also enables assessment of the carotid arteries and the
extent of plaques. In a small study of adult T2D patients,
carotid MRI showed that T2D patients had higher risk of
developing vulnerable carotid artery plaques (odds ratio,
2.59; 95% confidence interval, 1.15–5.81).84 Although neither
intracoronary ultrasound nor MRI exposes subjects to radia-
tion, which is a critical factor to consider in pediatric patients,

FIG. 5. Tissue Doppler of the mitral lateral wall to determine the E’:a’ ratio, which reflects diastolic function. HR, heart rate.
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these studies often require general anesthesia for pediatric
patients. With the advent of faster MRI scan sequences, MRI
application to children will become more practical.

Conclusions

Diabetes poses a significant risk, which starts as early as in
adolescence, for lifelong cardiovascular complications. As the
numbers of children and adolescents with T1D and T2D
continue to rise at a dramatic rate, there is a tremendous po-
tential economic and social burden of early CVD in these
pediatric patients, who have an earlier onset and potentially
longer duration of diabetes. Intensive control of hyperglyce-
mia has been shown to decrease these risks; however, data on
the treatment of CVD risk factors in childhood to improve
health outcomes will require long-term follow-up into adult-
hood. Prevention of developing CVD risk factors will likely be
a cost-saving approach and decrease morbidity and mortality.

Pediatric guidelines for management and treatment are
often opinions from expert panels or extrapolated from adult
studies because of insufficient data in youths with diabetes. In
the interest of improving long-term health outcomes of these
children, an aim of research is to provide pediatric-specific
data to advance the understanding of the effect of diabetes on
CVD risk in order to identify targets for early intervention.
These may differ based on factors such as age, gender, and
race. Advanced imaging technology may also help identify
patients who are at particularly high risk early and, therefore,
tailor the management approach. The noninvasive nature of
such imaging modalities, as well as its immediate assessment
of atherosclerosis, will be instrumental as we move forward in
preventing early CVD in children and adolescents with dia-
betes. Rather than focusing on risk factors of CVD, noninva-
sive imaging may allow the treatment focus to be redirected to
evidence of end-organ damage. Vascular imaging recom-
mendations by the AHA are aimed at standardization of re-
search in children at risk for atherosclerosis.57 As yet, there is
no recommendation of cardiovascular imaging as part of the
standard management of children with diabetes, and it re-
mains a research tool. However, its full potential to play a
critical role in determining risk factors and guiding treatment
has yet to be recognized.
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