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KEY MESSAGES

•

•

•

Compared to people without diabetes, individuals with type 1 and type 2
diabetes (especially women) are at higher risk of developing heart disease,
and at an earlier age. Unfortunately, a large proportion will have no symptoms before either a fatal or a nonfatal myocardial infarction (MI). Hence,
it is desirable to identify people at high risk for cardiovascular events, especially people with unknown established severe coronary artery disease.
In individuals at high risk of coronary artery disease (based on age, gender,
description of chest pain, history of prior MI, abnormal resting electrocardiogram and presence of several other cardiovascular risk factors), exercise stress testing is useful for the assessment of prognosis.
Exercise capacity is frequently impaired in people with diabetes due to the
high prevalence of obesity, sedentary lifestyle, peripheral neuropathy (both
sensory and motor) and unknown vascular disease. For those unable to
perform an exercise test, imaging testing, such as pharmacologic, nuclear
stress imaging, stress echocardiography, coronary artery calcium scoring
or coronary computed tomography angiography may be required. Most
imaging techniques have been shown to be useful in prospective study in
order to identify people at higher risk. However, so far, there is no headto-head study showing which one is most cost-effective.

KEY MESSAGES FOR PEOPLE WITH DIABETES

•
•

People with diabetes are at increased risk for developing heart disease, and
often present at an earlier age than people without diabetes.
Discuss with your health-care provider how to screen for heart disease.

Introduction
The majority (65% to 80%) of people with diabetes will die from
heart disease (1,2). Compared to people without diabetes, people
with diabetes (especially women) are at higher risk of developing
atherosclerotic disease, and at an earlier age. A high proportion of
deaths occur in people with diabetes with no prior signs or symptoms of cardiovascular disease (CVD). Furthermore, people with diabetes have a high prevalence of silent myocardial ischemia, and
almost one-third of myocardial infarctions (MIs) occur without recognized or typical symptoms (silent MIs) (3). The goals of screening are to improve life expectancy and quality of life by preventing
MI and heart failure through the early detection of signiﬁcant CVD.
Conﬂict of interest statements can be found on page S175.

The concept of coronary risk equivalency in people with type 2
diabetes has been challenged and a meta-analysis reported that this
is not the case (4). Therefore, there is heterogeneity in the CVD risk
of people with diabetes, which needs to be better deﬁned clinically. For any degree of perfusion abnormality, people with diabetes had a much greater risk of cardiac events and death compared
with people without diabetes (5). Similar ﬁndings have been reported
for stress echocardiographic techniques (6) and electron-beam computed tomography studies (7).
In general, good clinical practice considers screening for any
disease appropriate only when an effective treatment is available.
Hence the underlying assumption of a study wishing to evaluate
if screening for CVD is worthwhile in terms of survival, is that an
effective treatment is available and the study design should reﬂect
this by testing screening and treatment together. This is not the case
looking at the literature of screening for coronary artery disease
(CAD) in people with diabetes (8,9). On the other hand, The Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial (10) and the subsequent Bypass Angioplasty
Revascularization Investigation 2 Diabetes (BARI 2D) trial (11) represent the landmark trials in the ﬁeld of stable CAD treatment. Both
studies found no beneﬁts in terms of survival of revascularization
(surgical or percutaneous) over medical therapy in stable people
with documented coronary artery stenosis. Of note, participants with
markedly positive stress test were excluded in COURAGE. The Does
coronary Atherosclerosis Deserve to be Diagnosed earlY in Diabetic patients? (DADDY) study main ﬁnding reported that screening for CAD and revascularization did not affect the occurrence of
a ﬁrst cardiac event in people with diabetes (12). These results are
in line with the Detection of Ischemia in Asymptomatic Diabetes
(DIAD), COURAGE and BARI 2D studies and conﬁrm that to date there
is no proven indication, in daily practice, to search for ischemia in
people with diabetes without symptoms. However, when one is clinically suspicious of the presence of CVD, different modalities can be
used to assess the presence of CAD in people with diabetes.

Role of stress testing
Exercise stress testing is useful in people with diabetes at
high risk of CAD for the assessment of prognosis and the identiﬁcation of individuals who may beneﬁt from coronary artery
revascularization to improve long-term survival. The most predictive clinical observation for CAD in the person with or without
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diabetes is a history of chest pain or discomfort, but these features will be absent in a signiﬁcant proportion (20% to 50%) of individuals with diabetes (13–19). Clinical ﬁndings, such as dyspnea on
exertion, resting electrocardiogram (ECG) abnormalities or multiple CVD risk factors for atherosclerosis, may also indicate the presence of CAD. Recognition of such features is of clinical importance,
as the outcome of CAD events is worse in people with diabetes when
shortness of breath is the primary symptom (13).
The presence of CAD risk factors and resting ECG abnormalities identify people with diabetes at increased risk of important CAD
burden and abnormal stress ECG or perfusion imaging results (20).
A resting ECG at the time of diagnosis of diabetes also provides a
baseline to which future ECGs can be compared. In people with diabetes considered to be at high risk for CAD, a repeat resting ECG
may detect changes that result from silent MI and lead to earlier
detection of critical CAD. There is evidence that early screening and
intervention in people with diabetes and silent ischemia is beneﬁcial and may improve long-term survival (16,21). Screening with
exercise ECG stress testing will ﬁnd 3-vessel CAD in 13% to 15% of
those with abnormal stress test ﬁndings (22) and lead to angiography with revascularization in 1% to 3% of asymptomatic individuals (22–24). Similar ﬁndings were reported recently in The For
Asymptomatic Obstructive Coronary Artery Disease Among HighRisk Diabetic Patients Using CT Angiography, Following Core 64: A
Randomized Control Study (FACTOR-64) trial. It randomized 900 participants to coronary computerized tomography angiography (CTA)
screening (n=452) or standard care (n=448). CTA showed no CAD
in 31%, mild stenosis in 46%, moderate in 12% and severe stenosis
in 11% of the participants. Although there was no signiﬁcant reduction in CHD events in this 900-person study, the authors concluded that coronary CTA screening led to more aggressive risk factor
modiﬁcation in 70% of participants, including improvements in statin
use and more serum lipids and systemic BP (25).
The Deﬁnition of Ischemia in Asymptomatic Diabetes (DIAD)
study prospectively investigated the value of routine adenosine
stress myocardial perfusion scanning in asymptomatic people
with type 2 diabetes ≥55 years for the prevention of coronary
events (19). The baseline study showed either perfusion defects
or stress-induced ECG abnormalities in 22% of participants and
large defects in 6%. In this study, multiple risk factors for CAD did
not help identify people with positive functional tests for CAD. Of
note, baseline ECG was normal in all participants. A substantial
portion of the DIAD population was deﬁned as having intermediate/
high baseline CV risk. Nevertheless, their annual CV event rate
was low and not altered by routine screening for inducible ischemia. Yet, a randomized pilot study on the impact of stress testing
to screen for CAD in asymptomatic subjects with diabetes suggested a signiﬁcant reduction in cardiac death and MI (26). Larger
and adequately powered studies are necessary to support this
provocative observation before clinical practice is changed. In the
Basel Asymptomatic high-Risk Diabetics’ Outcome Trial, almost
one-quarter of the 400 asymptomatic participants with type 2
diabetes had silent myocardial ischemia, which was associated
with a worse outcome (27). The yield of myocardial perfusion
imaging can be improved by selecting a higher-risk group of
people with diabetes with symptoms, peripheral vascular disease
(PVD), chronic kidney disease (CKD), an abnormal ECG or a high
coronary artery calcium (CAC) score (e.g. >400 Agatston score)
(28). The choice of initial stress test should be based on evaluation of the resting ECG, the individual’s ability to exercise, and
local expertise and technology. Thus, the yield of stress testing in
asymptomatic people with diabetes can be improved by selecting
people based on the pre-test probability of CAD. The retrospective
studies that showed a high prevalence of stress test abnormalities
included people with abnormal ECGs (43% with Q waves) and
vascular disease (28%) (28).
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Data using diverse imaging technology have been reviewed and
reported recently (28), but the additional beneﬁt of imaging on prognosis and quality of life is not clear. Studies using coronary CTA in
asymptomatic people with diabetes mostly concluded that these
people have a high prevalence of coronary atherosclerosis and
obstructive CAD, as well as a higher prevalence of plaques with features of instability compared with subjects without diabetes. Furthermore, it is important to emphasize that a normal ECG does not
offer a long-term warranty from CVD events in people with type 2
diabetes. It is the same with stress echocardiography and myocardial perfusion imaging where no events were recorded in the ﬁrst
2 years of follow up among people with a normal stress
echocardiography or normal nuclear scan but signiﬁcantly increased
thereafter (6,28–30).
People with diabetes without evidence of CAD seen on computed tomography coronary angiography have an excellent prognosis, with no cardiac events at 62-month follow up. Thus, this
imaging modality can be a useful tool to reassure people with diabetes with suspected CAD regarding their outcome, with a warranty period of at least 5 years in the presence of a normal result
(5,31). Of note, coronary CTA is often performed in addition to a
standard diagnostic work-up. This approach may be particularly
useful in speciﬁc subsets of people with diabetes with unknown
CAD and equivocal or uninterpretable stress tests or in case of a discrepancy between clinical presentation and stress test results. Owing
to the high prevalence of CAD, the role of coronary imaging in people
with diabetes may be not to document the presence of coronary
atherosclerosis but rather to identify those people with more extensive disease vs. those without any atherosclerosis. Although CT coronary angiography is able to predict the prognosis of people with
diabetes on the basis of the presence/extent of CAD and plaque type,
coronary imaging by computed tomography coronary angiography is not, as in case of invasive angiography, able to predict which
plaque may progress to destabilization and rupture, potentially
causing a clinical event.
ECG abnormalities that limit the diagnostic accuracy of a stress
ECG include resting ST depression (1 mm), left bundle branch block
or right bundle branch block, an intraventricular conduction defect
with QRS duration >120 ms, ventricular paced rhythm or preexcitation. Individuals with these resting ECG ﬁndings should have
a stress test with an imaging modality, such as scintigraphic myocardial perfusion imaging or echocardiography. The role of other
imaging modalities (anatomical imaging), such as coronary CT,
calcium score, etc., in comparison to functional imaging, needs to
be determined in individuals with diabetes.
Exercise stress testing can identify people with diabetes with
silent ischemia; however, whether at large exercise testing results
in improved outcomes in people with diabetes has not been demonstrated. The strongest and most consistent prognostic marker identiﬁed during exercise ECG stress testing is the person’s maximum
exercise capacity (13). Although exercise capacity is decreased in
individuals with diabetes (32–34), it is still of prognostic importance (13). Silent ischemia is most likely to occur in individuals with
diabetes who are older (mean age 65 years) and have elevated total
cholesterol and proteinuria (23).
An ECG with ST-T abnormalities at rest has been shown to be
most predictive for silent ischemia (Odds Ratio 9.27, 95% CI 4.44–
19.38) and was the only signiﬁcant predictor of silent ischemia in
women (23). The relevance of ST-T abnormalities as a predictive
factor for silent ischemia emphasizes the importance of recording
a resting ECG in most individuals with type 2 diabetes. An abnormal ECG may indicate the need for further investigations and result
in the earlier detection and more aggressive management of CAD
(23). An abnormal exercise ECG is associated with an annual CAD
event rate of 2.1%, compared with 0.97% in subjects with normal
exercise ECG (26).
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Myocardial ischemia (whether silent or symptomatic) detected
during exercise stress testing in individuals with diabetes is associated with poorer long-term survival compared to individuals
without diabetes (16). Silent MI is common (40%) in older asymptomatic individuals with type 2 diabetes, but is more frequent (65%)
in those with diabetes who also have microalbuminuria (35). People
with diabetes and silent ischemia have an annual event rate for CAD
of 6.2% (50% of events were new-onset angina and 50% were cardiac
death or MIs) (36). Thus, silent MI is a prelude not only to symptomatic ischemia, but also to potentially fatal events. Also, it has
been shown in a randomized trial in people with silent ischemia
(the vast majority of whom did not have diabetes) that long-term
anti-ischemic drug therapy (11 years follow up) reduces cardiac
events (cardiac death, nonfatal MI, acute coronary syndrome or
revascularization) with preservation of ejection fraction (37). In a
retrospective study analyzing 14,849 consecutive people (3,654 with
diabetes and 11,195 without diabetes) undergoing a combination
of exercise stress and pharmacologic stress testing (combined protocol received intravenous dipyridamole [0.56 mg/kg] infusion over
4 minutes followed shortly by symptom-limited treadmill exercise), it was observed that, despite signiﬁcant perfusion defects,
people with diabetes who achieve ≥5 metabolic equivalents (METs)
during exercise stress single-photon emission-computed tomography (SPECT) myocardial perfusion imaging (MPI) have signiﬁcantly reduced risk for future cardiac events. People with diabetes
who achieved a high workload (≥10 METS) had a low annualized
event rate of 0.9% (38). The importance of low exercise capacity associated to worse CVD outcomes has been also observed in a smaller
study (39).
Exercise capacity is frequently impaired in people with diabetes due to the high prevalence of obesity, sedentary lifestyle, peripheral neuropathy (both sensory and motor) and unknown vascular
disease in this population. Individuals who cannot adequately exercise on a stress test have a poorer prognosis than those who can,
regardless of the reason for this incapacity. Perfusion imaging also
provides important prognostic information. Myocardial perfusion
imaging has similar predictive value for cardiac death and nonfatal MI in individuals with diabetes as in those without diabetes (40).
For those unable to perform an exercise ECG stress test, pharmacologic stress imaging, using dipyridamole, adenosine or dobutamine
testing, is required. Stress echocardiography and stress nuclear
imaging have similar values for cardiac events in the general population (41), but no comparative data are available for the person with
diabetes. In a meta-analysis of perfusion imaging, an abnormal scan
was predictive of future CAD events in subjects with and without
diabetes. However, the cardiac event rate in individuals with diabetes was signiﬁcantly greater than in those without diabetes (41).
The choice of the optimal imaging modality to detect stressinduced MI is best determined by local availability and expertise.
The utility of newer CAD diagnostic modalities, such as coronary CTA, CAC scoring and cardiac magnetic resonance imaging, is
currently unknown in terms of guiding management decisions in
patients with type 2 diabetes (42). Coronary CTA has emerged as
a noninvasive tool for the diagnosis of CAD that enables assessment of the vascular lumen together with the arterial wall.
Multidetector coronary CTA allows assessment of coronary atherosclerosis at an earlier stage compared with imaging techniques that
help evaluate myocardial perfusion. The long-term prognostic value
of coronary CTA in a large population of people with diabetes
without chest pain syndrome was investigated (43). Coronary CTA
demonstrated a high prevalence of CAD (85%), mostly nonobstructive CAD (51%). People with events were more often classiﬁed in a higher CAC-risk category but coronary CTA performed
better than the CAC-score regarding the events prediction (43).
Studies have demonstrated that increased CAC in persons with
diabetes is associated with increased prevalence of ischemic events

and mortality and is a better predictor than the Framingham risk
score (28). Also, it was reported in 392 people with type 2 diabetes that the best predictors of progression were baseline CAC score,
statin use and A1C >7.0% during follow up (44). Of importance, people
with diabetes but with no CAC demonstrated a survival rate similar
to that of people without diabetes and no detectable calcium (5,7).

Peripheral Vascular Disease
Palpation of peripheral pulses is a routine clinical examination
recommended in people with type 2 diabetes, especially those with
suspected peripheral arterial disease (PAD). The procedure is simple,
rapid, noninvasive and inexpensive, but it has high interobserver
variability, depending on foot anatomic variation, clinician experience and patient examination conditions (45,46). The examination of peripheral pulses also is hampered by the presence of
medial arterial calciﬁcation, which is common in people with diabetes (47).
PAD is a common manifestation of atherosclerosis in type 2 diabetes. PAD is especially frequent in people with type 2 diabetes, with
an approximately threefold increased risk compared with a population without diabetes (48). PAD mainly affects the infrapopliteal
arteries and may induce more damage in small than in large vessels
in people with type 2 diabetes (49,50). In the Action in Diabetes
and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) clinical trial, the incidence of PAD was comparable to the incidence of major coronary events and stroke and
intensive glucose intervention did not inﬂuence the risk for major
PAD in participants free from PAD at baseline (HR 0.96, 95% CI 0.82–
1.12, p=0.62) (51). The risk for PAD was also similar in participants randomly assigned to active BP treatment compared with
placebo (HR 1.08, p=0.36) and in those assigned to both intensive
glucose control and active BP treatment compared with standard
glycemic control and placebo (HR 1.03, p=0.77) (51).
The impact of previous microvascular and CV disease on
the risk of major PAD was analyzed in 10,624 people with type 2
diabetes free from baseline major PAD in the ADVANCE trial. Microvascular disease, particularly macroalbuminuria and retinal photocoagulation therapy, strongly predicts major PAD in people with
type 2 diabetes, but CVD does not (52). In ADVANCE, higher A1C
and urinary albumin to creatinine ratio (ACR) levels, absence of dorsalis pedis and posterior tibial pulses, and current smoking history
at baseline, higher systolic and lower diastolic BP, both with use of
antihypertensive drugs, were all independently associated with the
risk for major PAD (52). In the UK Prospective Diabetes Study (UKPDS),
age, A1C, systolic BP, high density lipoprotein cholesterol (HDL-C),
previous CV disease and current smoking were found to be independent risk factors for PAD (53). In the BARI 2D trial, age, female
sex, black African origin, smoking, pulse pressure, A1C and ACR were
independent risk factors for PAD (54,55). The incidence rate of PAD
was 3.5 times higher in BARI 2D than in ADVANCE, which may be
explained by differences in each study’s inclusion criteria and the
deﬁnitions of PAD outcomes.
From an ethnic viewpoint, there may be a lower prevalence of
PAD in people with diabetes and CVD from South Asia compared
with those of white European descent (52,56). Absent dorsalis pedis
and/or posterior tibial pulses are independent predictors of major
vascular outcomes in people with type 2 diabetes (57). Indeed,
absent compared with present peripheral pulses (n=2218) were associated with increased 5-year risks for major CV events (HR 1.47,
p<0.0001), MI (HR 1.45, p=0.003), stroke (HR 1.57, p=0.0003), CV
death (HR 1.61, p<0.0001), heart failure (HR 1.49, p=0.0002), allcause mortality (HR 1.48, p<0.0001), major microvascular events (HR
1.17, p=0.04), nephropathy (HR 1.24, p=0.04), ESRD or renal death
(HR 2.04, p=0.02) and peripheral neuropathy (HR 1.13, p=0.0008)
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after multiple adjustment (57). Compared with the presence of all
peripheral pulses, the absence of at least 1 peripheral pulse was signiﬁcantly associated with a higher incidence of major CV events,
nonfatal MI, nonfatal stroke, CV death, heart failure, all-cause mortality, major microvascular events, new or worsening nephropathy, ESRD or renal death, new or worsening peripheral neuropathy
and all-cause hospitalization.
It is important to emphasize that compared with the anklebrachial index or other noninvasive vascular methods, the pedal pulse
examination has a weak performance for the diagnosis of PAD
(58–60), especially the dorsalis pedis pulse, which may be absent
in healthy subjects without PAD (61). A previous study estimated
the sensitivity and speciﬁcity of an abnormal dorsalis pedis pulse
for the detection of PAD at 50% and 73%, respectively, and at 71%
and 91%, respectively, for an abnormal posterior tibial pulse (58).
Other studies reported that the sensitivity and speciﬁcity of undetectable pedal pulses varied from 5% to 32% and 98% to 99%, respectively (59,60). Nevertheless, the absence of peripheral pulses has
been shown to be a strong and independent predictor of risk for
major outcomes, especially major CV events, CV and all-cause mortality, heart failure and renal events, in people with type 2 diabetes (57). This data should encourage the examination of peripheral
pulses to improve the early detection and treatment of vascular complications in people with type 2 diabetes, especially in areas with
limited access to specialized medical centres and technical resources.
Therefore, these simple clinical indicators should be used to improve
risk stratiﬁcation and treatment of these people.
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presentation and disease severity (66,67). There is a high prevalence of silent CAD in young adults with type 1 diabetes, which may
be related to cardiac autonomic neuropathy. Finally, the disease
process seems to be more severe in type 1 diabetes. Compared with
controls without diabetes, people with type 1 diabetes are more
likely to have severe coronary stenoses, involvement of all 3 major
coronary arteries and distal segment disease, resulting in major CV
events with poor outcome and/or early development of heart failure
(66,67).
CAD and cerebrovascular disease
CAD appears to be more common than stroke. The cumulative
incidence of CAD ranges between 2.1% (64) and 19% (71) depending on the characteristics of the population studied. For the most
part, studies report an incidence of around 15% (65,72,73). Mortality rates from CAD are reported between 6% and 8% (71,73), are
likely higher in men than women (in contrast to type 2 diabetes)
(74), and in those >40 years of age compared to those <40 years of
age (74). Stroke is still an important outcome in type 1 diabetes;
the cumulative incidence of stroke was 3.3% over 6 years among
African Americans (66), 5.9% over 20 years in the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) (72), and 0.74%
per year in the EURODIAB study (64). Also, prevalence of silent
brain infarcts or leukoaraiosis is extremely high (34.5%) in type 1
diabetes (75).
Peripheral vascular disease

CVD in Type 1 Diabetes
Incidence and prevalence of CVD
CVD complications are important causes of morbidity and mortality among individuals with type 1 diabetes, which may have
been under-recognized in the past. The presence of late gadolinium hyper-enhancement is a marker of prior MI in people with
diabetes with unsuspected CAD. Late gadolinium hyper-enhancement
was demonstrated in 4.3% of asymptomatic people with type 1
diabetes in the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/
EDIC) trial (62). Reported prevalence rates of CVD in type 1 diabetes
vary between 3% and 12.4% (63–65). It is important to emphasize
that the CVD risk burden and proﬁle of people with type 1 diabetes differs from type 2 diabetes. The Diabetes United Kingdom
longitudinal cohort study, including more than 7,000 participants
with type 1 diabetes, reported that type 1 diabetes is associated
with markedly increased adjusted HR for major CAD events (median
follow up of 4.7 years) in both men (HR 3.6) and women (HR 9.6).
Of such, these risk increments are comparable to those observed
in people with type 2 diabetes (65). Major CVD events occurred in
type 1 diabetes on average 10 to 15 years earlier compared with
matched controls without diabetes. The age-adjusted relative risk
for CVD in type 1 diabetes is 10 times that of the general population (66–68). The Pittsburgh Epidemiology of Diabetes Complications
(EDC) study demonstrated that the incidence of major CVD events
in young adults with type 1 diabetes (age 28 to 38 years) was
0.98% per year (69) and was as high as 3% per year after age
55 years, making it the leading cause of death in that population
(64,65,70). Gender and race/ethnicity are important features of
increased risk of CVD; male gender and African Americans have
higher rates of CVD compared to Europeans (69).
Difference from type 2 diabetes
CVD in type 1 diabetes differs from type 2 diabetes, not only in
that it presents at a younger age, but also in relation to gender, silent

PVD is an important vascular complication of type 1 diabetes.
Incidence rates of lower extremity amputation vary by age from 3.6
per 1,000 person-years among individuals 25 to 44 years of age to
as high as 7.2% (76). By age 65, the cumulative probability of PVD
is 11% in women and 20.7% in men (77). Compared to the general
population, the rate of PVD among those with type 1 diabetes may
be very high (77). If one considers ankle-brachial index (ABI) <0.9
as the criterion for the presence of peripheral atherosclerotic disease
instead of overt clinical events, 45.6% of participants from DCCT/
EDIC study developed PVD (78). Predictors of PVD include increasing age, male gender, history of sores or ulcers, diastolic blood
pressure, LDL-C, A1C, diabetes duration, hypertension, albumin excretion rate, glomerular ﬁltration rate, smoking and retinopathy
(76,78,79). In addition to the clinical endpoints of CAD, stroke and
PVD, subclinical carotid disease may be commonly associated with
type 1 diabetes. Compared to age-/sex-matched healthy controls,
greater carotid intima-media thickness (IMT) has been observed in
studies of children with type 1 diabetes with a mean age as young
as 11 years (80–83).
Time course of events
Although CAD rarely presents within the ﬁrst 20 years of diagnosis, by age 30 years, many individuals will have had type 1 diabetes for 20 years and rates of CVD begin to approach the high-risk
category (84). The recent decline in CKD in diabetes has not been
accompanied by a corresponding fall in CAD rates. Indeed, no temporal decline was noted for the cumulative incidence of MI/CAD
death at 20, 25, or 30 years’ duration of diabetes in the Pittsburgh
EDC, despite at least a 50% decrement of the cumulative incidence of overt nephropathy (69). In fact, nephropathy or
microalbuminuria no longer precedes CAD in the majority of cases.
In the EDC study, there was no difference in the cumulative incidence of CAD stratiﬁed according to year of diagnosis (1950–
1980), despite substantial declines in renal failure, as well as decline
in overall mortality over the same time period (69). The DCCT intensive therapy intervention had a signiﬁcant impact on the age and
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the duration of diabetes exposure at onset of CVD, despite the fact
that no overt CVD was apparent at baseline (85). Thus, despite the
well-recognized increase in CVD risk associated with proteinuria,
it clearly explains only a portion of the CVD risk. In the DCCT study,
the treatment group effect of intensive treatment therapy on CVD
risk persisted after adjustment for microalbuminuria (HR 0.62) and
albuminuria (HR 0.58), suggesting that, although diabetic kidney
disease is important, differences in mean A1C are clearly signiﬁcant drivers (85). In the same way, only 15% of the Oslo Study population had microalbuminuria, despite the fact that all participants
had at least subclinical CAD (86). In the Pittsburgh EDC study, myocardial ischemia by ECG, as the initial manifestation of CAD, was
less common and a documented MI was more common in those
with prior renal disease compared to those without (87).
Effect of sex
Compared to women without diabetes, women with type 1 diabetes had a 3.5 times higher risk of having coronary artery calciﬁcation (88). While standardized mortality rates from ischemic heart
disease were higher in men than women at all ages in the general
population, there was no difference in mortality from ischemic heart
disease in men and women with type 1 diabetes <40 years of age
(74). Men with type 1 diabetes ≥40 years had a higher mortality
rate from CVD than women with type 1 diabetes (89) in contrast
to type 2 diabetes. In a large Norwegian cohort study, mortality
rates from ischemic heart disease were higher in women with type 1
diabetes than in men or women without diabetes. However, men
with type 1 diabetes had higher mortality rates than women with
type 1 diabetes (90). A population-based cohort study showed different results (91). This study found that among those with type 1
diabetes, women had a 2.5 to 3 times higher standardized mortality rate from CVD than men with type 1 diabetes. Although not all
the ﬁndings are consistent, the common thread in all these studies
is that the presence of type 1 diabetes (as well as in type 2 diabetes) seems to dramatically increase the risk for CVD, particularly
in women.
Testing for CVD in type 1 diabetes
In the absence of data to the contrary, one approach to identifying CVD in people with type 1 diabetes is to apply the same CAD
risk assessment and diagnostic strategies used in type 2 diabetes
(see discussion above) or in the population in general (92). This,
however, does not support routine CAD screening beyond resting
ECGs in people with diabetes who do not have CV symptoms or an
abnormal ECG, favouring instead global CVD risk factor assessment and management.
People with type 1 diabetes who have symptoms suggestive of
CAD, an abnormal resting ECG or clustering of CVD risk factors
yielding an intermediate or high global risk estimate, acknowledging that risk scores are more or less accurate in type 1 diabetes,
should have additional testing for CAD (92,93). For people able to
walk on a treadmill without signiﬁcant baseline ST segment abnormality (see discussion for type 2 diabetes), exercise treadmill testing
remains the ﬁrst-line diagnostic test due to the high cost eﬃcacy
and widespread availability. However, treadmill testing may not
be possible due to the burden of peripheral neuropathy, foot pathology, lower extremity amputation and ECG abnormalities as left ventricular hypertrophy in the patient population with type 1 diabetes.
Pharmacological stress imaging studies, such as nuclear myocardial perfusion imaging or pharmacological stress echocardiography
may be required. Sophisticated testing has been reported in people
with type 1 diabetes. CAC, assessed by CT imaging, is common
(94,95) and more frequent in people with type 1 diabetes than

in those without. In the Coronary Artery Calciﬁcation in Type 1
Diabetes (CACTI) study, 656 adult participants with type 1 diabetes showed a higher prevalence and extent of CAC than 764 ageand sex-matched control subjects with no difference between sexes
(96). Progression of CAC is reduced by intensive glycemic control
(95). The presence of CAC is independently associated with increased
prevalence of CAD, even after adjustment for traditional risk factors
(94), and test performance in people with type 1 diabetes is comparable to that of the general population.
In the Pittsburgh EDC longitudinal study, 302 adults with type 1
diabetes, with a mean age of 38 years, underwent CAC screening.
The prevalence of CAC was 11% in participants <30 years of age and
as high as 88% among those 50 to 55 years. CAC was independently associated with prevalent CAD across the entire cohort, with
a stronger graded association in men than in women. While CAC
assessment has proven to predict subsequent CV risk in the general
population and in cohorts of people with type 2 diabetes (7), no
data are yet available to determine the utility of CAC assessment
for risk prediction in type 1 diabetes. Women with type 1 diabetes had just as much CAC as men; women without diabetes have
less CAC than men (88).
In summary, asymptomatic people with diabetes are considered to be in a high global CAD risk, for which exercise ECG is rated
appropriate and cardiac imaging techniques (stress radionuclide
imaging, stress echocardiography, stress cardiac magnetic resonance, calcium scoring and coronary CTA) are all given a “may be
appropriate” rating. This publication (97) emphasizes the concept
that just because a test is rated “appropriate” or “may be appropriate,” does not mean that it must always be performed, and clinical judgment of the health-care professional always has its place
(28). In asymptomatic people with diabetes without any previous
cardiac event, screening for silent myocardial ischemia targeted to
revascularization, has not been shown to provide beneﬁts in terms
of cardiac prevention. Widespread use of screening tests is not justiﬁed since it does not prevent ﬁrst cardiac event (98). Thus, testing
for the presence of CAD may modulate medical treatment (more
aggressive risk factor management) but revascularization therapy
has not been shown to alter outcomes in the asymptomatic person
with type 2 diabetes except in people with decreased left ventricular ejection fraction but viable myocardium.

RECOMMENDATIONS
1. A resting ECG, repeated every 3 to 5 years, should be performed in individuals with diabetes with any of the following [Grade D, Consensus for
all of the following]:
a. Age >40 years
b. Duration of diabetes >15 years and age >30 years
c. End organ damage (microvascular, CV)
d. ≥1 CVD risk factor(s) (current smoking, hypertension, family history
of premature CVD in ﬁrst degree relative [men <55 years, women <65
years], CKD, obesity [BMI >30 kg/m2], erectile dysfunction)
e. Age >40 years and planning to undertake very vigorous or prolonged exercise, such as competitive running, long-distance running,
or high-intensity interval training (see Physical Activity and Diabetes chapter, p. S54).
2. People with diabetes should undergo investigation for CAD by exercise
ECG stress testing as the initial test in the presence of any of the following:
a. Typical or atypical cardiac symptoms (e.g. unexplained dyspnea, chest
discomfort) [Grade C, Level 3 (13)]
b. Signs or symptoms of associated diseases
i. PAD (abnormal ankle-brachial index) [Grade D, Level 4 (18)]
ii. Carotid bruits [Grade D, Consensus]
iii. Transient ischemic attack [Grade D, Consensus]
c. Stroke [Grade D, Consensus]
d. Resting abnormalities on ECG (e.g. Q waves) [Grade D, Consensus]
e. CAC score >400 Agatston score [Grade D, Consensus].
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3. Pharmacological stress echocardiography or nuclear imaging should be
used in individuals with diabetes in whom resting ECG abnormalities preclude the use of exercise ECG stress testing (e.g. left bundle branch block
or ST-T abnormalities) [Grade D, Consensus]. In addition, individuals who
require stress testing and are unable to exercise should undergo pharmacological stress echocardiography or nuclear imaging [Grade C, Level 3 (40)].

4. Individuals with diabetes who demonstrate ischemia at low exercise capacity (<5 METs) on stress testing should be referred to a cardiac specialist
[Grade D, Consensus].
Abbreviations:
A1C, glycated hemoglobin; ACR; albumin to creatinine ratio; CAC, coronary artery calcium; CAD, coronary artery disease; CHD, coronary heart
disease; CI, conﬁdence interval; CKD, chronic kidney disease; CT; computed tomography; CTA, computed tomography angiography; CV, cardiovascular; CVD, cardiovascular disease; ECG, electrocardiogram, HDL-C,
high density lipoprotein cholesterol; HR, hazard ratio; LDL-C, lowdensity lipoprotein cholesterol; MI, myocardial infarction; p; probability; PAD, peripheral artery disease; PVD, peripheral vascular disease.
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