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Summary	 Cardiovascular disease (CVD) is the leading cause of death in people with 
Type 1 diabetes (T1D), and improvements in CVD outcomes in the general population 
in recent decades are not mirrored in T1D populations. It is likely that CVD outcomes are 
worse for childhood-onset T1D due to a longer duration of disease and other important 
pathophysiological factors. However, repeated surveys show that screening for and 
treatment of CVD risk factors during adolescence is currently extremely poor. Here, we 
provide an overview of CVD in T1D, with a focus on aspects relevant to pediatric diabetes 
healthcare practitioners.
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Cardiovascular disease (CVD) is the most common cause of death in people with Type 1 diabetes 
(T1D), and occurs more frequently, at a younger age and with greater severity compared with the 
general population [1] and people with Type 2 diabetes (T2D) [2]. Hyperglycemia is unequivocally 
a major modifiable mediator of CVD risk in T1D, and risk is reduced by achieving better glycemic 
control through use of intensive insulin therapy. This is now commonplace in young people; how-
ever, the pathogenesis of CVD is multifactorial and targeted assessment of cardiovascular status is 
often not the focus of care during a young persons diabetes clinic appointment. Moreover use of 
CVD risk factor, treatments (e.g., statins and angiotensin-converting enzyme inhibition [ACEI]) 
are low in this age group. In this article, we have attempted to provide an overview of CVD in 

Practice points

●● 	Cardiovascular disease (CVD) is increased in people with Type 1 diabetes (T1D), with women losing the cardiovascular 
protection afforded to nondiabetic premenopausal women. Furthermore following a major cardiovascular event, 
mortality risk is significantly elevated, particularly in the subsequent 12 months.

●● 	Vascular measurements such as intima-media thickness, pulse wave velocity and flow-mediated dilatation are 
abnormal in young people with T1D even after a short duration of diabetes.

●● 	For traditional CVD predictors (such as smoking, obesity, family history, age), it is likely that the trajectory of CVD 
risk differs in people with T1D. In addition, novel predictors specific for T1D such as renal disease greatly alter risk 
for future CVD. Glycemic control is the major determinant of CVD, but even with HbA1c levels <6.9%, risk for CVD is 
elevated, indicating a multifactorial pathogenesis.

●● 	Landmark studies such as SEARCH and the Adolescent T1D Cardio-Renal Intervention Trial (AdDIT) will continue to 
provide an evidence base for use of risk factor treatments in young people with T1D. The main treatments are statins 
primarily for use in dyslipidemia and/or angiotensin-converting enzyme inhibition for hypertension or renal disease.
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childhood-onset T1D mainly for a general pedi-
atric diabetes healthcare practitioner. As there 
is a lack of an epidemiological evidence base for 
CVD specifically in childhood-onset T1D, the 
first part of the review will focus on the epi-
demiology of CVD in adult-onset T1D. Later 
in the review, we discuss predictors of CVD in 
childhood-onset T1D and the evidence base for 
risk factor interventions at an early age.

Definitions
CVDs are a group of disorders of both the heart 
and blood vessels and include coronary artery 
disease, cerebrovascular disease, peripheral arte-
rial disease, coronary heart disease, deep vein 
thrombosis and pulmonary embolism (Table 1).

Epidemiology
●● People with T1D have excess mortality

All-cause mortality in people with T1D has 
been difficult to quantify. This is in part due to: 
the chronicity of the disease processes involved, 
the changing patterns of mortality in the gen-
eral population where there have been marked 
declines in mortality over recent decades particu-
larly from CVD, and also differences in meth-
odology between studies such as low case ascer-
tainment, missing data and poor differentiation 
between T1D and T2D.

Most studies indicate that coronary artery dis-
ease is the leading cause of death in people with 
T1D [1,3,4,5]. Standardized mortality ratios (SMR) 
for T1D vary between studies but most report it 
to be greater for men compared with women and 
with increasing age, with a peak in the fourth 
decade of life. For example, Laing et  al. stud-
ied 1437 deaths during follow-up of adults with 
T1D and observed 536 deaths from CVD and of 
these, 368 were from coronary artery disease. The 
authors reported a SMR of 11.8 and 44.8 for men 
and women aged 20–29 years and 8.0 and 41.6 
for men and women aged 30–39 years, respec-
tively [6]. Using different methodologies, a recent 
survey from Australia observed a reduced SMR in 
adults with T1D from 4.2 in 1997 to 3.1 in 2010 
in males and from 3.9 to 3.5 in females [2]. Of these 
deaths, those attributed to CVD, the most cause 
of death, decreased from 35.6 to 31.2% and from 
31.5 to 27.2% in males and females, respectively. 
Peak mortality was between the ages of 30 and 
50 years. The novel coding methods employed in 
this study indicated that death related to CVD was 
approximately 38% underestimated when employ-
ing traditional coding methods, as many deaths 

are incorrectly coded as being attributed simply 
to diabetes on death certificates. Importantly, the 
study also indicated strikingly different trends in 
mortality between T1D and T2D, with much 
greater reductions in all-cause mortality for T2D. 
The National Diabetes Audit  [7] from England 
and Wales has high case ascertainment and inter-
nal quality standards which, as such, provides an 
authoritative contemporary resource for diabetes 
outcomes. Of the 198,100 people in the audit with 
T1D in 2012, 3300 died during the year, giving a 
SMR of 2.3 [7]. Importantly being diagnosed with 
CVD significantly increased mortality risk in the 
next 12 months, independent of other known risk 
factors. Specifically, angina, myocardial infarct, 
heart failure, stroke and major and minor amputa-
tion were associated with odds ratios (OR) of mor-
tality of 1.3, 2.7, 4.5, 3.7, 2.1 and 1.8, respectively, 
in the subsequent 12 months. However, consistent 
with the Australian study, the audit found that 
additional deaths due to diabetes were lower in 
2010–2011 compared with previous years [2].

Estimates of mortality from childhood com-
pared with adult-onset T1D are difficult to quan-
tify. The EURODIAB study aimed to provide 
a picture of mortality and causes of death in 
Europe following a diagnosis of T1D in child-
hood (<15 years), and to examine mortality trends 
between countries [8]. Children were followed up 
for an average of 7.6 years after diagnosis. From 
28,887 children diagnosed since 1989, the SMR 
ranged from 0 to 4.7 between centers in 13 coun-
tries. One-third of deaths (47 deaths) were directly 
attributable to diabetes, 27 were probably from 
diabetic ketoacidosis and 5 deaths were directly 
related to hypoglycemia. This study did not, how-
ever, observe deaths from long-term complications 
of diabetes and longer-term follow-up of patients 
with childhood-onset T1D are required.

●● Risk for CVD is greater in people with T1D
Large observational studies have demonstrated 
that risk for CVD is greater in people with T1D 
compared with the general population (men, 
HR: 3.6 [95% CI: 2.9–4.5]; women, 7.6 [95% 
CI: 5.5–10.7])  [9]. Within the spectrum of vas-
cular diseases, coronary heart disease (men, 
3.0 [2.2–4.1]; women, 7.6 [4.9–12.0]), stroke 
(women, 5.9 [4.2–8.3]) and peripheral arterial 
disease (85.5 [72.9–100.3]) occur with greater 
frequency in patients with T1D. The England 
and Wales National Diabetes Audit shows similar 
outcomes, but quantified differently; standard-
ized ratios for angina, myocardial infarct, heart 
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failure, stroke and a major and minor amputa-
tion were 1.8, 1.6, 1.7, 1.3, 3.2 and 4.4 [7]. Most 
recently analysis of the Scottish Registry Linkage 
Study showed that the age-adjusted incidence rate 
ratios were lower than those observed in previous 
reports: for first CVD event in the T1D versus 
nondiabetic Scottish population, the incidence 
rate ratio was 2.3 and 3.0 for men and women, 
respectively  [10]. Therefore, although variably 
reported, coronary artery disease (angina, myo-
cardial infarct, heart failure and also revascu-
larization grouped together) is elevated and is the 
leading cause of death in middle-age people with 
T1D.

Most recently, in a registry-based observa-
tional study to determine the excess risk of death 
according to the level of glycemic control in a 
Swedish population of 33,915 patients with T1D 
followed from 1998 to 2011, Lind et al. showed 
an adjusted HR for death of 3.5 (3.1–4.0)  [11]. 
The adjusted HR rates of death from cardio-
vascular causes was 4.6 (3.5–6.1). Death was 
strongly associated with HbA1c levels with no 
evidence of a cut-off value below which excess 
risk did not occur (i.e., the adjusted HR for death 
from cardiovascular causes was still 2.9 [2.1–4.1] 
for an HbA1c level <6.9%) [11].

There is also evidence that the severity of CVD 
is greater in T1D. Severe stenoses of coronary 
vessels, involvement of all three major coronary 
arteries and distal segment disease are all more 
common in adults with T1D compared with 
nondiabetic controls  [12,13]. Important research 
from Norway shows a high prevalence of silent 
CVD in young adults with T1D. 100% of par-
ticipants showed significant coronary athero-
sclerosis on intravascular ultrasound, 34% had 
stenoses of more than 50% on coronary angiog-
raphy, despite a complete lack of symptoms and 
only 15% had pathological findings on exercise 
electrocardiography [14].

Vascular anatomy & function in T1D
The Bogalusa Heart study and the PDAY study 
provide evidence linking antemortem risk 

factors and the development of atherosclerotic 
lesions. Bogalusa found intimal surface involve-
ment with aorta fatty streaks was present in 32% 
of black and 20% of white young people aged 
up to 30 years  [15]. Both aorta and coronary 
fatty streaks were strongly related to antemor-
tem lipids levels and ponderal index [15]. PDAY 
found that age, non-high-density lipoprotein 
cholesterol concentration, smoking, hyperten-
sion, obesity and hyperglycemia are positively 
associated with atherosclerotic lesions, whereas 
female gender and high-density lipoprotein cho-
lesterol concentration are negatively associated 
with lesions [16]. These studies have highlighted 
that risk-factor control beginning in the late 
teenage years will retard development of the ear-
liest stage of atherosclerosis and its progression, 
and will reduce or delay occurrence of CVD.

There are excellent reviews previously pub-
lished that provide more detail on the pathogen-
esis of CVD in T1D [5]. Here, we discuss vascular 
measurements such as intima-media thickness 
(IMT) using high-resolution ultrasound, pulse 
wave velocity and flow-mediated dilatation, which 
help in the noninvasive assessment of vascular dis-
ease processes and are emerging as predictors of 
future vascular events and mortality [17,18,19,20].

Both carotid IMT (cIMT)  [21] and aortic 
IMT  [17,22] are increased in young people with 
T1D. Blood vessel compliance is also measurable 
using vascular flow velocities and arterial nitrate-
mediated dilatation and these have been found to 
be abnormal in young people with T1D, indicat-
ing increased arterial stiffness at an early age [23,24]. 
The SEARCH for Diabetes in Youth study is a 
six-center US-based study of young people with 
diabetes onset younger than 20 years of age and 
consists of 2657 with T1D. It has and continues to 
provide important contemporary information on 
young people with T1D. During SEARCH, young 
people, particularly males, with T1D had abnor-
mal brachial distensibility, pulse wave velocity and 
augmentation index which measure autonomic 
function [25]. Heart rate variability was associated 
with peripheral and central arterial stiffness [26]; 

Table 1. WHO definitions for cardiovascular events.

Cardiovascular event Definition

Coronary heart disease Disease of the blood vessels supplying the heart muscle
Coronary artery disease  Disease of the blood vessels supplying the heart muscle
Cerebrovascular disease Disease of the blood vessels supplying the brain
Peripheral arterial disease Disease of blood vessels supplying the arms and legs
Deep vein thrombosis and pulmonary embolism Blood clots in the leg veins, which can dislodge and move to the heart and lungs
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and for every 1% increase in the average HbA1c 
over a 6-year time period, there was a 5% decrease 
in the variability of measurements of early cardiac 
autonomic dysfunction  [27]. The AdDIT is also 
providing detailed and contemporary evidence of 
CVD risk in adolescents with T1D and will be 
discussed in detail later in this article.

Predictors of CVD in T1D
●● Glycemic control

Prospective follow-up of historical observational 
cohorts showed no association between glyce-
mic control and CVD risk; In the Wisconsin 
Epidemiologic Study of Diabetic Retinopathy, 
HbA1c was not significantly associated with 
angina or myocardial infarction [28]. In the multi-
center European study EURODIAB, HbA1c was 
not associated with coronary artery disease over 
8 years of follow-up [29] and during the Pittsburgh 
Epidemiology of Diabetes Complications Study 
Cohort, no measure of glycemia associated with 
incident coronary artery disease [30].

However during clinical trials, improvements 
in glycemic control through use of intensive 
insulin regimens have unequivocally led to a 
reduction in coronary events and mortality in 
adults with T1D patients. The DCCT, and its 
follow-up study, the EDIC compared inten-
sive versus conventional glycemic control in a 
young, healthy (no evidence of microvascular 
or CVDs) population of people with T1D [30]. 
1441 participants were included and the mean 
age of the cohort was 27 years. Subjects with 
previous CVD were excluded. In those subjects 
randomized to the intensive group, three car-
diovascular events were observed in three sub-
jects, compared with 21 events in nine subjects 
in the conventional treatment group. The rela-
tively short duration of diabetes and few CVD 
events in the DCCT study precluded any firm 
conclusion regarding the link between glyce-
mic control, intensive insulin therapy and CVD 
outcomes. However, after 18 years of follow-up 
(DCCT/EDIC combined), it was found that 
intensive therapy decreased the risk of CVD 
events; reduced the risk of angina and revascu-
larization by 42%, and myocardial infarction 
and stroke by 58% (Figure 1). In subcohort stud-
ies, reduced cIMT and coronary artery calcifica-
tion were associated with the reduction in mean 
HbA1c achieved with intensive therapy [31,32]. A 
subsequent meta-analysis of eight randomized 
controlled trials of intensive diabetes therapy 
in T1D (1800 patients with 11,293 person-years 

of follow-up), also showed a reduced incidence 
rate ratio for any macrovascular event of 0.4 
(95% CI: 0.3–0.6)  [33]. Therefore, glycemic 
control is a major predictor of CVD in T1D.

Early glycemic control & CVD risk: Figure 1
During the DCCT, differences in HbA1c 
between the two groups had a large effect on 
diabetes complications risk, as described above. 
However, during the follow-up EDIC study, 
mean HbA1c between the former intensive and 
conventional therapy groups were no longer sig-
nificantly different [34]. Despite similar glycemic 
control, after mean follow-up of 17 years, the 
intensive therapy group had reduced CVD events 
by 42% (95% CI: 9–63) and risk for nonfatal 
myocardial infarction, stroke or cardiovascular 
death fell by 57% (95% CI: 12–79) [35]. Analysis 
indicated that this risk reduction was largely due 
to differences in mean HbA1c during the initial 
DCCT. Consistent with these observations, dif-
ferences in cIMT [32] and coronary artery calcifi-
cation [31] were also observed between the groups.

The observations from DCCT and EDIC indi-
cate that early tight glycemic control using inten-
sive insulin therapy may reduce future cardiovas-
cular risk regardless of subsequent control. The 
mechanisms for these observations are unclear. 
However of note is that the DCCT, as a trial 
cohort, had exclusion of individuals with estab-
lished CVD or hypertension or dyslipideamia. 
Additionally, the mean duration of diabetes at the 
start of the DCCT was 6 years and the effect of 
poorer glycemic control prior to enrollment into 
the study is not known. Furthermore, the target 
HbA1c in order to reduce CVD risk is unclear 
from the data, as is the extent of added risk due 
to the presence of other cardiovascular risk fac-
tors. Finally, and importantly with respect to 
childhood-onset T1D, only a minority of DCCT 
individuals were adolescents. These individuals 
are therefore currently younger and the effect of 
early insulin intensification on CVD risk has not 
yet been fully established in this age group.

●● Microalbuminuria
Historical reports show that coronary artery dis-
ease mortality is increased 37-fold in people with 
T1D and proteinuria and approximately fourfold 
without proteinuria [3,4]. Recent evidence suggests 
that CVD and renal disease share risk factors 
and develop in parallel  [4], and consistent with 
this, landmark trials show that intensive diabe-
tes therapy reduces both cardiovascular and renal 
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Figure 1. Differences in HbA1c and cardiovascular event rates over time between intensive and 
conventional diabetes treatment arms in DCCT/EDIC study cohort. These observations indicate 
that early tight glycemic control using intensive insulin therapy reduces future cardiovascular risk 
regardless of subsequent control. 
Reproduced with permission from [5].
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outcomes [32,36]. Although differences in HbA1c 
account for most of the benefit, multivariate 
analyses suggest that part of the effect on CVD 
risk is mediated by reduction in the incidence of 
renal disease [35]. During the AdDIT trial, which 
is discussed in more detail later, Marcovecchio 
and colleagues demonstrated that higher urinary 
albumin excretion, even within the normal range, 
is associated with early atherosclerosis, as evalu-
ated by measuring carotid and aortic IMT  [37]. 
Therefore, microalbuminuria may represent the 
first signs of systemic vascular damage, and can be 
considered an early, noninvasive marker for both 
diabetic nephropathy and CVD. This indicates 
that renal disease and renoprotective treatments 
may alter the trajectory of CVD risk in T1D to 
a greater extent than in the general population.

●● Lipids
In a large cohort of Finnish adults with T1D 
followed for 10.2 years, strong predictors of 

coronary events were ApoB (HR: 1.5 [95% CI: 
1.2–1.8] per one standard deviation [SD] 
increase) in macroalbuminuric patients, 
and ApoB/ApoA-I ratio (HR: 1.4 [95% CI: 
1.2–1.8] per one SD increase) in normoalbu-
minuric patients, whereas HDL-cholesterol, 
ApoA-I, total and LDL-cholesterol were 
poor predictors. In the SEARCH Study, 35, 
27 and 12% of young people with T1D had 
high concentrations of total cholesterol, LDL-
cholesterol and triglycerides, respectively, even 
after a relatively short disease duration  [38]. 
Eleven and eight percent had elevated apoB 
and LDL-cholesterol levels, respectively, which 
increased with HbA1c levels [39]. Among those 
in poor glycemic control, 28% had elevated 
ApoB, and 18% had dense LDL. Importantly, 
those with optimal HbA1c had standard lipid 
concentrations that were similar or even less 
atherogenic than those observed in nondiabetic 
youth  [40], and during prediction modeling, 
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improved glycemic control over 2 years was 
associated with a more favorable lipid pro-
file  [41]. During the AdDIT trial  [37], higher 
non-HDL cholesterol (3.0 [0.8] vs 2.8 [0.8] 
mmol/l) and ApoB–ApoA-1 ratio (0.5 [0.1] vs 
0.4 [0.1]; p = 0.04) were observed in adoles-
cents with T1D deemed to be at higher risk of 
CVD and renal disease compared with those at 
lower risk, based on their albumin/creatinine 
ratios (see later text for explanation).

●● Hypertension
In the Coronary Artery Calcification in T1D 
Study  [42], hypertension was more common 
in adults with T1D than in matched control 
subjects (43 vs 15%). In the SEARCH Study, 
where duration of T1D is relatively short, the 
prevalence of elevated blood pressure was 5.9% 
in children aged 3–17 years [43]. Importantly in 
the same study, only 7.4% of those with elevated 
blood pressure were aware [44]. 

The AdDIT Study
Treatment of cardiovascular risk factors in young 
people with T1D is inadequately studied, and 
large published studies of statin therapy in youth 
with T1D are lacking. AdDIT is a multicenter 
multinational study involving 32 centers in the 
UK, Canada and Australia, that will provide 
important data on the efficacy of ACEIs and 
statins in high-risk adolescents with T1D  [37]. 
During AdDIT, 500 ‘high-risk’ T1D adolescents 
(defined by elevated urine albumin excretion or a 
high rate of rise of urine albumin excretion within 
the normal range) have been randomized to either 
Quinapril, Atorvastatin, combination therapy or 
placebo for 3–4 years [37]. The study also includes 
a parallel observational study of 400 ‘low-risk’ 
T1D adolescents. The primary end point is albu-
min excretion, but secondary end points include 
markers of CVD (cIMT, endothelial function, 
arterial stiffness, blood lipids and lipoproteins; 
hs-CRP and asymmetric dimethylarginine).

Data have recently been reported from the 
first 729 (400 from the intervention arm and 
329 from the observational cohort) adolescents 
who underwent cardiovascular assessments, and 
561 (307 trial and 254 observational) subjects 
where biochemical data have been processed [37]. 
Adolescents in the trial cohort show a significantly 
greater age- and sex-adjusted pulse wave velocity (a 
composite measure of arterial stiffness) compared 
with those in the observational cohort (trial: 5.00 
± 0.84; observational: 4.86 ± 0.70 m/s; adjusted 

p-value = 0.021). This demonstrates that adoles-
cents with T1D who have a raised albumin creati-
nine ratio (but still within normal range) already 
have increased arterial stiffening. The trial cohort 
had a shorter mean duration of diabetes than the 
observational cohort (5.9 years). This could sug-
gest that those at higher risk of developing renal 
and CVDs show earlier increases in urine albumin 
excretion, and might reflect interaction between 
glycemic control, puberty a genetic predisposition 
in accelerating the appearance of early signs of 
complications [37]. Data from biochemical assess-
ment showed that levels on non-HDL cholesterol 
are significantly higher in the trial compared with 
the observational cohort, as was the age- and sex-
adjusted ApoB-ApoA-1 ratio. No differences were 
found between the groups in novel CVD risk 
markers, such as high-sensitivity C-reactive pro-
tein and asymmetric dimethylarginine. In sum-
mary, data from AdDIT have shown that adoles-
cents with T1D with a high rate of rise of albumin 
excretion within the normal range already have 
evidence of early CVD.

Further published work from the AdDIT trial 
has evaluated carotid and aortic IMT and their 
relationship with cardiovascular risk factors and 
urinary albumin excretion in the same cohort [45]. 
Mean and maximal aortic but not carotid IMT 
was greater than in control subjects. Mean and 
maximal aortic IMT was also associated with uri-
nary albumin-to-creatinine ratio (multiple regres-
sion coefficient [standard error] 0.023 [0.007]). 
These results indicate that aortic IMT may be 
a more sensitive marker of atherosclerosis than 
carotid IMT in adolescents with T1D.

●● Retinopathy
In clinical screening studies, retinopathy has been 
shown to be an indicator of risk for coronary 
artery disease in T1D [28]. In T1D, retinopathy 
precedes the development of nephropathy in most 
cases. Nevertheless, it is an indicator of microvas-
cular damage caused by hyperglycemia and could 
therefore act as a useful early predictor of CVD 
risk in T1D.

●● Central adiposity
Overall and central adiposity is associated with 
insulin resistance, dyslipidemia and blood pres-
sure  [46]. Increased risk for diabetes-related 
complications, including CVD and mortality, 
has been associated with metabolic syndrome 
components and insulin resistance in large adult 
T1D cohorts  [47,48]. Euglycemic clamp studies 
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of 40 people with T1D and matched controls 
showed lower whole-body-mediated glucose 
uptake (indicating reduced insulin sensitiv-
ity) and lower insulin-mediated nonesterified 
fatty acid suppression in T1D people, and both 
measurements correlated with coronary artery 
calcification as measured by computed tomog-
raphy [49]. The SEARCH Study has found that 
prevalence of overweight was greater among 
young people in the USA with compared to with-
out T1D (22.1 vs 16.1%) [50]. Importantly, for 
female adolescents, being overweight or obese is 
associated with unhealthy weight-loss practices, 
such as insulin omission and vomiting/laxatives 
and with poor glycemic control [51].

The SEARCH Study has also investigated 
the extent to which CVD risk factors cluster in 
youth with T1D using confirmatory factor anal-
ysis to determine statistical associations among 
CVD risk factors. The investigators found that 
the best-fitting model was a three-correlated-
factor structure, incorporating obesity, lipids 
and blood pressure [52]. These outcomes high-
light the importance of not only maintaining 
optimal glucose control but also the need to 
address these other CVD risk factors.

●● Smoking
Smoking is associated with cIMT thickness 
progression, arterial stiffness and presence of 
coronary artery calcification in people with 
T1D [53,54]. Prevalence of smoking is generally 
high in young people with T1D, particularly 
males [55] and is associated with socioeconomic 
deprivation, dyslipidemia [9] and physical inac-
tivity  [55]. Despite these observations, levels of 
appropriate counseling in clinic are low [56].

●● Hypoglycemia
Hypoglycemia is increased with intensive insu-
lin therapy, which is now a standard of care in 
T1D [36]. In physiological investigations of vascu-
lar function, Pena et al. demonstrated lower flow-
mediated and glyceryl trinitrate-mediated dila-
tation in children with T1D than controls [57]. 
Furthermore, hypoglycemia, but interestingly 
not glucose variability, was inversely related to 
flow-mediated dilatation  [57]. Therefore, hypo-
glycemia may be an additional risk factor for 
early CVD but this requires further research.

Cardiovascular risk prediction tools for T1D
Reports consistently indicate that the effect of 
glycemic control on risk for CVD significantly 

differs in patients with T1D compared with 
T2D  [58]. Given that a major objective in the 
management of people with T1D is the pre-
vention of cardiovascular complications, a more 
accurate assessment of CVD risk in people with 
T1D may greatly aid management decisions in 
clinic. Individual risk factors are poor predictors 
of CVD on their own. Statistical models have 
been calculated to estimate the future risk of 
CVD in the general population (Framingham 
and QRISK2) [59,60] and the UKPDS T2D pop-
ulations  [61] to enable better targeting of risk 
factor reduction interventions. However, their 
application to T1D cohorts results in a gross 
underestimation of CVD events [62]. Therefore, 
known CVD risk factors may have different 
trajectories of risk or there may be novel fac-
tors present specific to T1D  [63], and there is 
currently no CVD risk score to guide interven-
tion and support shared decision-making with 
people with T1D. Researchers have attempted 
to develop a CVD risk score unique to T1D but 
small cohort sizes and time lag to CVD events 
have been major handicaps. In the Pittsburgh 
Epidemiology of Diabetes Complications 
Cohort Study (603 subjects, 46 CVD events), 
predictors of CVD were only measured at a 
single time point and there was no relationship 
to HbA1c  [64]. The cohort was mostly white, 
and may have suffered from ascertainment and 
survivor bias. The risk score was externally vali-
dated using data (only 53 CVD events) from the 
EURODIAB study. For EURODIAB, the origi-
nal sample fell by 28% during follow-up, with 
baseline data showing that those who dropped 
out had worse diabetes control and greater CVD 
risk factors [64]. Therefore, a accurate and robust 
predictive model for CVD risk for individuals 
with T1D does not currently exist.

Interventions
The American Diabetes Association (ADA) [9,65] 
and the International Society for Pediatric and 
Adolescent Diabetes (ISPAD)  [66] provide sci-
entific statements with practical guidelines and 
considerations for clinicians for the treatment 
of CVD risk factors in individuals with T1D.

●● Lipid lowering medication
A meta-analysis in adults with T1D showed that 
a 1.0 mmol/l (38.7 mg/dl) reduction in LDL-
cholesterol was associated with a 21% reduction 
in major vascular events [67]. The ADA has for-
mulated guidelines for dyslipidemia screening 
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and treatment in children with T1D, primarily 
based on expert opinions and data extrapolated 
from adult studies. The ADA recommends 
addition of a statin to glycemic control and 
dietary modification if the child is older than 
10 years, has LDL-cholesterol levels >160 mg/dl 
(4.1 mmol/l) or LDL-cholesterol >130 mg/dl 
(3.4 mmol/l) together with one or more CVD 
risk factors  [68]. The ISPAD Clinical Practice 
Consensus Guidelines 2009 recommend sta-
tin therapy for LDL-cholesterol >130 mg/dl 
(3.4 mmol/l) and one or more CVD risk factors, 
or with lower LDL-cholesterol levels if metabolic 
control and dietary changes fail to lower to a 
target of <100 mg/dl (2.6 mmol/l).

Other lipid lowering medications in the young 
include ezetimibe, bile acid sequestrants (resins), 
niacins and fibrates. Ezetimibe selectively inhibits 
intestinal cholesterol absorption and in adults, 
it has demonstrated effects in lowering LDL-
cholesterol levels when combined with statin 
therapy [69]. At present, a trial of lipid lowering 
medications to reduce CVD in T1D is being 
conducted  [70]. This trial will compare the use 
of simvastatin, a statin, to Vytorin® (Merck and 
Schering-Plough, NJ, USA) a combination of 
simvastatin and ezetimibe in patients aged 12–21 
years with T1D. 

●● Angiotensin-converting enzyme inhibition
There is good evidence that treatment of hyper-
tension with ACEI in adults with T1D decreases 
the rate of decline of renal function  [71,72]. In 
addition, ACEI treatment in adults with T1D 
decreases progression of retinopathy  [73] and 
CVD [74]. The ADA recommend pharmacologi-
cal treatment with ACEIs in children and adoles-
cents with T1D, when there is confirmed, persis-
tently elevated microalbuminuria, or as soon as 
the diagnosis of hypertension (defined as systolic 
or diastolic blood pressure consistently above 
the 95th percentile for age, sex and height or 
consistently >130/80 mmHg) is confirmed [75].

Data from >9000 children enrolled in the T1D 
Exchange Clinic Registry  [76] in 2002 showed 
that hypertension is likely underdiagnosed and 
undertreated in pediatric patients with T1D. 
Among those with hypertension, only 52% were 
receiving treatment with ACEI or Angiotensin 
Receptor Blocker therapy, suggesting under-
use of both medications in the pediatric T1D 
population. Despite recommendations from the 
ADA in 2004, more recent data  [77] from the 
T1D Exchange Clinic Registry (2013) showed 

no improvement in these figures. 4.4% of the 
participants had evidence of microalbuminuria 
or macroalbuminuria and only 36% of these were 
using a ACEI or angiotensin receptor blocker.

●● Lifestyle
Conflicting evidence exists regarding the benefits 
of physical activity for long-term blood glucose 
control in adults with T1D. In the EURODIAB 
Prospective Complications Study, participation 
in moderate or vigorous physical activity more 
than once a week was borderline inversely associ-
ated with all-cause mortality (HR: 0.7 [95% CI: 
0.4–1.0]) and incident CVD (women only) (HR: 
0.7 [95% CI: 0.4–1.1]) [78]. In a systematic review, 
six randomized trials were identified and showed 
that with an exercise frequency varying from 
twice weekly to daily, with varying intensities and 
session durations, four trials reported a decrease in 
HbA1c (mean difference: -0.8% [95% CI: -1.1 to 
-0.4]) compared with controls [79]. Exercise train-
ing improved cardiorespiratory fitness and one 
trial reported an effect on insulin dose (mean 
difference: -0.4 U/kg, [95% CI: -0.5 to -0.3]) 
compared with controls [79].

In an exploration of diet in young people with 
T1D, the SEARCH Study found that males 
had lower consumption of vegetables, fruit and 
fiber, and higher consumption of soda and sat-
urated fat than females [80]. African–Americans 
had lower dairy and higher soda intake than 
non-Hispanic whites. Lifestyle and physical 
activity patterns were also significantly associ-
ated with dietary intake. Dietary approaches 
targeting CVD risk factors such as hyperten-
sion were also reported and shown to improve 
atherogenic lipid prof iles  [81]. Specif ically 
higher adherence to these diets was signifi-
cantly and inversely associated with low-den-
sity lipoprotein/high-density lipoprotein ratio, 
HbA1c and to hypertension, independent of 
demographic, clinical and behavioral charac-
teristics [82]. High intakes of sugar-sweetened 
beverages and diets high in eggs, potatoes and 
high-fat meats was associated with not only an 
adverse CVD risk profile and but also increased 
aortic stiffness  [83,84]. The authors postulate 
that these dietary habits may be a marker of 
unhealthy lifestyle which, in turn, is associated 
with worse metabolic control and CVD risk 
profile. These observations suggest that inter-
ventions to improve dietary patterns may be 
beneficial in the prevention and management 
of CVD risk in these young people.
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●● Metformin
Metformin has been proposed as a good can-
didate for early prevention of CVD in children 
with T1D. It has been prescribed in youth with 
T2D for over 10 years and reduces CVD in 
T2D. Although the mechanism of action of met-
formin has been very difficult to elucidate, one 
recent study by Madiraju et al. [85,86] has added 
to our understanding. Their results indicate that 
metformin selectively inhibits glycerophosphate 
dehydrogenase, an enzyme that catalyzes the 
conversion of glycerophosphate to dihydroxy 
acetone phosphate. This inhibition causes a 
decrease in dihydroxy acetone phosphate, and 
a rise in the NADH–NAD ratio in the cyto-
sol. This is turn causes inhibition of the con-
version of lactate to pyruvate. Gluconeogenesis 
decreases, and so hepatocytic secretion of glu-
cose also decreases. These mechanisms result is 
a build-up of glycerol and lactate in the plasma.

One ongoing 12-month-randomized double-
blinded controlled trial [87] aims to determine 
the effects of metformin on vascular health in 
children aged 8–18 years. Outcome measures 
include vascular endothelial function, vascular 
smooth muscle function and vascular structure. 
Elucidating mechanisms of metformin actions 
as an antihyperglycemic agent and describing its 
effects on cardiovascular outcomes could poten-
tially identify an early intervention for CVD in 
T1D and is an important area for further study.

●● Transplantation
In addition to normalizing blood glucose 
levels in most T1D patients and thereby 
reducing T1D-related co-morbidities, trans-
plantation has been shown to have beneficial 
effects on lipid profile and blood pressure [87]. 
Simultaneous pancreas and kidney transplant is 
associated with a reduced cardiovascular mor-
tality and incidence of myocardial infarction, 
improved left ventricular function and cardiac 
metabolism, reduced incidence of cerebrovas-
cular disease, improvement of carotid athero-
sclerosis and of peripheral arterial disease.

Clinical challenge
We have attempted to summarize our discus-
sions in Figure 2. In the context of silent CVD 
occurring at a younger age and with greater 
severity in people with T1D, early attention 
to modifiable cardiac risk factors is an impor-
tant aim of management. The importance of 
the role of early glycemic control in CVD is 

unequivocal; however, this needs to be bal-
anced against excessive hypoglycemia second-
ary to intensive insulin therapy. Even in adults, 
the role of screening for coronary artery disease 
and composite assessment of CVD risk in T1D 
is unclear. The appropriate timing for initia-
tion of risk-modifying therapies such as ACEI 
and statins are important, as such treatments 
are generally lifelong. When considering CVD 
risk, practical considerations are twofold: first, 
whether to start ACEI and at what age? The 
decision is straight forward in those with hyper-
tension or microalbuminuria. The issue is more 
difficult in those who are normotensive and/or 
normoalbuminuric. Second, whether to start 
a statin and at what age? This would be justi-
fied not just to treat lipid abnormalities but to 
lower CVD risk. By age 40 years, most patients 
have initiated statin therapy with plans to con-
tinue for greater than 30 years, which goes well 
beyond experience of statin exposure duration.

For childhood-onset T1D less is known but 
evidence indicates that risk for CVD may be 
greater due to earlier pathogenesis. Pediatric dia-
betes healthcare practitioners need to consider 
how to ensure adequate assessment of cardio-
vascular risk factors in young people with T1D. 
When to intervene to reduce CVD risk is cur-
rently unclear and studies such as SEARCH and 
AdDIT will provide a wealth of information on 
this subject in future years. If absolute CVD risk 
could be accurately predicted, it could greatly 
facilitate more effective preventive and treatment 
strategies by clinicians. Basic and more advanced 
screening for CVD risk that can be undertaken 
in young people with T1D during routine clinic 
appointments are summarized in Box 1.

Future perspective
In the next 5–10 years, our knowledge of 
CVD in T1D will signif icantly expand 
following further publications from land-
mark studies such as SEARCH and AdDIT. 
Clinicians will be better informed on the 
pathogenesis of disease processes and inter-
ventions to alter CVD trajectories in T1D. 
The challenge for clinicians will be to better 
judge when to intervene, for example at what 
age, which parameters to use, the cut-offs (if 
any) for these parameters and many other fac-
tors. For researchers, in addition to develop-
ing new biomarkers and therapies, a challenge 
is to develop better prediction of CVD in a 
way that can be applied in clinic. Qualitative 
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Figure 2. Relative risk for cardiovascular disease in Type 1 diabetes across age with factors 
associated with increased risk. Relative risk for CVD differs in women compared with men. 
Interventions to reduce risk are largely unproven for childhood-onset T1D. 
CVD: Cardiovascular disease; T1D: Type 1 diabetes. 
For color figures, please see online at www.futuremedicine.com/doi/full/10.2217/DMT.14.61
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work would aid developing behavioral inter-
ventions to change lifestyle and attitudes to 
CVD by both patient and pediatric healthcare 
workers. Given the severity of CVD in T1D 
and evidence indicating that its pathogenesis 
starts at an early age, an evidence base to start 
risk factor treatments at initial presentation 

with diabetes may need evaluation. Finally, 
given the link between endogenous insulin 
production and reduced vascular complica-
tions, immune-modulating therapies aimed at 
preserving beta cell function from diagnosis 
of T1D may have a beneficial effect on CVD 
risk in the longer term.

Box 1. Screening for cardiovascular disease risk factors in adolescents and young people with 
Type 1 diabetes during clinic.

Basic
●● 	HbA1c
●● 	Blood pressure – ideally documented as age and sex adjusted standard deviation scores
●● 	Lipids – nonfasting is initially sufficient
●● 	Body mass index standard deviation scores
●● 	Dietary and lifestyle factors

Advanced
●● 	Urine albumin excretion including rate of rise within the normal range
●● 	Frequency and severity of hypoglycemia
●● 	C-peptide secretion

www.futuremedicine.com/doi/full/10.2217/DMT.14.61
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