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Abstract

Although patients with diabetes have 2 to 4 times increased risk of cardiovascular morbidity and mortality than individuals without diabetes, re-
cent studies indicate that a significant part of patients are in a lower cardiovascular risk category. Men younger than 35 years, women younger than 
45 years, patients with diabetes duration of less than 10 years without other risk factors have a much lower risk than patients who have traditional 
cardiovascular risk factors, and subclinical or established coronary artery disease (CAD). These patients are not risk equivalent as stated in previous 
studies. On the contrary, when in the presence of traditional risk factors or evidence of subclinical coronary disease (e.g. high coronary calcium 
score), the coronary risk is much increased and patients may be classified at a higher-risk category. Recent guidelines do not anymore consider dia-
betes as a CAD risk equivalent and recommend cardiovascular risk stratification for primary prevention. Stratification of diabetic patients improves 
accuracy in prediction of subclinical CAD, silent ischemia and future cardiovascular events. Stratification also discriminates higher from lower risk 
patients who may need intensive statin or aspirin prevention, while avoiding overtreatment in lower risk cases. It may also allow the clinician to 
decide whether to intensify risk reduction actions through specific newer drugs for glucose control such as SGLT-2 inhibitors or GLP-1 agonists, 
which recently have shown additional cardiovascular protector effect. This review addresses the assessment of cardiovascular disease risk using 
traditional and non-traditional cardiovascular risk factors. It also reviews the use of risk calculators and new reclassification tools, focusing on the 
detection of subclinical atherosclerosis as well as silent ischemia in the asymptomatic patients with diabetes.
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Resumo

Embora os doentes com diabetes tenham 2 a 4 vezes maior risco de morbilidade e mortalidade cardiovascular do que os indivíduos sem diabetes, 
estudos recentes indicam que uma parte significativa dos doentes se encontra numa categoria de menor risco cardiovascular. Homens com menos 
de 35 anos, mulheres com menos de 45 anos, doentes com menos de 10 anos de diabetes, sem outros fatores de risco, têm um risco muito menor 
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> BACKGROUND

It is well known that type 2 diabetes (T2DM) is associa-
ted with increased cardiovascular morbidity and morta-
lity (1). Patients with T2DM have a two to fourfold increa-
se in risk of incident coronary heart disease, ischemic 
stroke and a 1.5 to 3.6-fold increase in mortality (1). T2DM 
is also a major risk factor for heart failure, peripheral ar-
terial insufficiency and microvascular complications, 
affecting life quality and expectancy. It is estimated that, 
in general, patients with diabetes have a reduction in life 
expectancy of about 4–8 years, compared with individu-
als without diabetes (2).
The 2016 Global World Health Organization (WHO) Re-
port of Diabetes estimated a worldwide adult diabetes 
prevalence in 422 millions of individuals in 2014, rising 
from 4.7% in 1980 to 8.5% in 2014, with the greatest in-
crement in middle and low-income countries (3). This 
number will probably overcome the previous WHO pro-
jection of 439 million adults with diabetes for 2030 (4). 
Currently, 1.5 million deaths are directly attributed to 
diabetes each year. Although great advances in cardio-
vascular therapy and prevention have promoted outs-
tanding reductions in diabetes-related coronary morta-
lity in developed countries (5), cardiovascular morbidity 
and mortality still remain high in the majority of patients 
with diabetes. Considering the increasing number of 
cardiovascular event survivors and the global epidemic 
of T2DM, it is expected the number of patients with 
T2DM at a higher cardiovascular risk to rise, posing a 
giant challenge for health care systems worldwide. Cost-
effective policies for reducing cardiovascular risk in this 
population are therefore urgently needed (6). The pre-
sent review focuses on the impact of risk factors in the 
global cardiovascular risk, and the role of detecting sub-
clinical atherosclerosis and silent ischemia in the asymp-
tomatic patient with diabetes.

> CARDIOVASCULAR RISK IN PATIENTS WITH
DIABETES

Diabetes has long been considered a “cardiovascular 
risk equivalent”. This statement was formerly based in 
the Finnish study (7), in which T2DM patients without co-
ronary heart disease (CHD) events showed a similar co-
ronary mortality as non-diabetic patients who had a 
previous coronary event. Diabetes also increases coro-
nary death rates conferring the patient a worst progno-
sis after having the first CHD event (8). These arguments 
led the 2001 NCEP-ATP III (9) to recommend patients with 
diabetes to be treated as a separated high-risk category, 
with no need for stratification.
Recent evidences indicate that CHD risk in T2DM is not 
universally similar to the risk of patients with prior car-
diovascular disease, but is highly heterogeneous. A me-
ta-analysis of 13 epidemiological studies, including 
45,108 patients with and without diabetes observed 
that, in T2DM with no previous CHD, the CHD risk was 
43% lower than when compared to individuals without 
diabetes with a prior myocardial infarction (10). In a large 
population-based cohort (11) including 1,586,061 adults 
at ages 30–90 years, who were followed up for 10 years, 
the CHD risk was much lower among T2DM without 
CHD than in patients with CHD without diabetes: HR: 
1.70 (95% CI 1.66–1.74) vs. 2.80 (95% CI 2.70–2.85). In 
another meta-analysis of observational studies with 
T2DM patients (12), cardiovascular risk was evaluated 
through coronary artery calcium score (CAC) at baseli-
ne. The authors found a 28.5% prevalence of patients 
with zero CAC scores, indicating a similar 5-year survival 
rate as in patients without diabetes (13). Thus it is likely 
that a subgroup with lower CHD risk exists in T2DM, es-
pecially patients under 40 years old with shorter dura-
tion of disease.
Currently, the 2013 ACC/AHA guidelines (14), the 2016 ADA 

do que doentes com fatores de risco cardiovascular tradicionais e doença arterial coronária (DAC) subclínica ou estabelecida. Estes doentes não 
apresentam um risco equivalente, conforme afirmado em estudos anteriores. Pelo contrário, quando na presença de fatores de risco tradicionais 
ou evidência de doença coronária subclínica (por exemplo, alto “score” de cálcio coronário), o risco coronário é muito maior e os doentes podem 
ser classificados numa categoria de risco mais alto. As “guidelines” recentes já não consideram a diabetes como equivalente de risco de DAC e reco-
mendam a estratificação do risco cardiovascular para prevenção primária. A estratificação dos doentes diabéticos melhora a precisão na predição 
de DAC subclínica, isquemia silenciosa e eventos cardiovasculares futuros. A estratificação também discrimina entre doentes com risco mais alto e 
com risco mais baixo, que poderão necessitar de prevenção intensiva com uma estatina ou aspirina, evitando o tratamento excessivo dos doentes 
com menor risco. Poderá também permitir ao clínico decidir se intensifica ações de redução de risco por meio de novos medicamentos específicos 
para o controle da glicemia, como os inibidores SGLT-2 ou agonistas GLP-1, que, recentemente, mostraram um efeito protetor cardiovascular 
adicional. Esta revisão aborda a avaliação do risco de doença cardiovascular utilizando fatores de risco cardiovascular tradicionais e não tradicio-
nais. Também analisa o uso de calculadores de risco e novas ferramentas de reclassificação, com foco na deteção da aterosclerose subclínica e da 
isquemia silenciosa em doentes assintomáticos com diabetes.

Palavras-chave: estratificação de risco de doença cardiovascular, avaliação do risco, diabetes tipo 2, fatores de risco



Revista Portuguesa de Diabetes. 2018; 13 (1): 18-33 Cardiovascular Risk Assessment in Patients with Diabetes

20

standards of diabetes care (15), the Brazilian Diabetes So-
ciety guidelines (16) and the 2016 European Society of Car-
diology (ESC) (17) no longer consider diabetes as a corona-
ry risk equivalent. The latest 2013 ACC/AHA guidelines (14, 

18) now recommends stratification for patients with diabe-
tes, when ages are from 40 to 75 years old, into two risk 
categories, using a global risk score calculator (14). The re-
cent ESC guideline considers that diabetes risk approa-
ches the CHD risk when patients have more than 10 years 
of disease or when in the presence of renal dysfunction or 
microalbuminuria (17). Patients younger than 40 years with 
a shorter duration of diabetes are currently defined as 
being part of a lower risk category. The categorization of 
diabetics into different cardiovascular risk groups by this 
way allows recognition of those who might benefit more 
from more intensive cardiovascular prevention. In the ca-
se of low-dose aspirin for example, considering the po-
tential risk of gastrointestinal bleeding, defining cardio-
vascular risk by using a global risk score, might help 
guiding aspirin use in those with a greater net benefit.
Therefore, it might be useful to develop rationale strategies 
for detecting and treating more intensively patients at hi-
gher risk while it may be reasonable and cost-effective to use 
moderate therapies in those at lower cardiovascular risk.

> HOW CAN WE STRATIFY CARDIOVASCULAR RISK 
IN DIABETES?

The American Heart Association and American
College of Cardiology Approach

The 2013 AHA/ACC guidelines (14) propose an approach 
based on the global risk estimation. The panel considers 
that patients with diabetes, either type 1 or 2, aged be-
tween 40 and 75 years, who have a baseline non-treated 
LDL-c between 70 and 189 mg/dL, should be stratified 
into a higher or a lower risk category to receive either 
high or moderate intensity treatment with statins. This 
categorization is based on the calculation of atheroscle-
rotic cardiovascular disease (ASCVD) outcomes.
The ACC/AHA calculator was developed to estimate the 
10-year risk for the first ASCVD event (non-fatal myocar-
dial infarction or CHD death, or fatal/non-fatal stroke) 
by entering definite risk factors. It uses a risk equation 
derived from a pool of 4 cohorts obtained from the 
American population. The 10-year risk is based on the 
first ASCVD event over a 10-year period among people 
previously free from ASCVD. The calculator should be 
used in non-Hispanic African Americans and in non-
Hispanic whites in the range of 40–79 years of age. For 
patients with diabetes, the guidelines indicate intensive 

statin treatment for patients with an ASCVD risk above 
7.5% in 10 years. If the risk is below this cut-off, modera-
te-intensity statin treatment is indicated.
The panel defines high-intensity treatment as the statin 
therapy able to reduce LDL-c in more than 50% from 
baseline. Moderate-intensity treatment is defined as the 
reduction of LDL-c in about 30 to <50%. In patients 
aged less than 40 years, or above 75 years, the evidence 
of benefit is less clear. In these cases, when deciding to 
initiate or intensify statin therapy, the AHA/ACC panel 
consider reasonable to evaluate the potential for AS-
CVD benefits, considering the preferences of the patient 
and the potential for adverse effects.

The American Diabetes Association Approach

The 2016 American Diabetes Association Standards of 
Diabetes Care (15) endorses the use of a risk factor-based 
approach to decide on initiation of statin therapy. Basi-
cally, it recommends risk stratification including 3 varia-
bles: age, the existence of previous cardiovascular events 
and the presence or not of risk factors. ADA risk factors 
include: LDL-c above 100 mg/dL, high blood pressure, 
smoking, overweight/obesity and family history of pre-
mature ASCVD. All patients with definite ASCVD events 
should receive high-intensity statin therapy, independen-
tly of age. In patients between 40 and 75 years without 
ASCVD events, but in the presence of cardiovascular risk 
factors, it is recommended high-intensity statin therapy. 
In older or younger patients, if in the presence of risk fac-
tors, either moderate or high-intensity statin therapy can 
be indicated, depending on the individual patient prefe-
rence and tolerance. In older patients without ASCVD 
events and without risk factors, moderate statin therapy 
is advocated. In younger patients without ASCVD or risk 
factors, ADA considers that lifestyle therapy alone may be 
more appropriate. Recently, ADA has included a recom-
mendation for patients with recent acute coronary syn-
drome. In these patients, generally high-intensity statins 
is appropriate, however, considering the results of the 
IMPROVE-IT study (19), ezetimibe plus moderate-statin 
therapy is now also advocated for those with LDL-c above 
50 mg/dL, who cannot tolerate high-doses of statin.

> HOW TO IDENTIFY THE HIGH RISK PATIENT?

Assessment of Risk Factors

Age

Age is the strongest non-modifiable risk factor for CVD. 
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The increase in cardiovascular risk is continuous and 
progressive either in men or women. However, a transi-
tion to a high-risk category for developing cardiovascu-
lar disease seems to occur at a definite age for each gen-
der. A large population-based retrospective cohort 
study (20), including 379,003 patients with diabetes and 
9,018,082 adults without diabetes tried to define the age 
of transition from moderate to a high-risk condition in 
patients with diabetes. Considering a risk estimated 
above 20% in 10 years for the composite outcome of 
myocardial infarction, stroke and death from any cause, 
the transition to a high-risk category ocurred at 48 years 
in men and 54 years in women. When a broader defini-
tion of cardiovascular disease included revasculariza-
tion, the age of transition fell to 41 and 48 years for both 
men and women, respectively. The transition from low 
to moderate risk category occurred at 35 and 45 years 
for both men and women considering the broader defi-
nition. Thus, for a person with diabetes to be considered 
at low risk, which means less than 10% risk estimate in 10 
years, based only in age, they should be under 35 and 45 
years respectively for men and women, provided that no 
other risk factor or evidence of cardiovascular disease is 
present. Thus the greatest efforts in reducing events 
should be focused in patients above these age limits.

Gender

In general population, the incidence of a new myocardial 
infarction is higher in men than in women, with an age-
adjusted Hazard Ratio (95% CI) of 2.56 (2.53–2.60) (20). In 
patients with diabetes, the men to women relation is 
much more narrow, however still higher in men: HR 1.22 
(95% CI 1.18–1.25). Thus, the likelihood of a patient with 
diabetes to have an acute myocardial infarction solely 
due to gender is greatly attenuated when compared wi-
th individuals without diabetes (20).
When considering the mortality rate from coronary 
causes, women with diabetes are at a higher risk than 
men. In a meta-analysis of 37 studies (21) (including 
447.064 T2DM patients), the relative risk (RR 95% CI) for 
fatal CHD between patients with and without diabetes 
was greater among women 3.50 (2.0–4.53), than in men 
2.06 (1.81–2.34). Thus, in women with diabetes, the rela-
tive risk for a fatal coronary event is 50% higher than in 
men. This was probably explained by a less favorable 
cardiovascular risk profile in women linked to hyperten-
sion and hyperlipemia. The presumed reduced like-
lihood of women receiving the standard treatment for 
acute coronary syndrome and cardiovascular preven-
tion is also important. Thus, women with diabetes seem 

to loose the protection due to gender greatly increasing 
the incidence of CHD in relation to men and with a gre-
ater mortality due to AMI.

Family History of Coronary Heart Disease

The association of family history of myocardial infarc-
tion and incident coronary heart disease (CHD) in pa-
tients with diabetes is important, although the strength 
differs between studies. There are 2 large studies exami-
ning this association. The Women’s Health Study was a 
prospective cohort including 2642 postmenopausal 
women with diabetes without CHD at baseline followed 
up to 7 years with a 14.3% incidence of CHD. Compared 
with patients with diabetes without family history of 
CHD, the incidence of CHD in those with at least 1 first-
degree relative was 50% higher (HR = 1.50 95% CI 1.20–
1.87 p = 0.0003). In those who had 2 or more affected 
first-degree relatives, the incidence of CHD was 79% hi-
gher HR = 1.79 95% CI 1.36–2.35 p = 0.0001. The survival 
function was affected by both the number of relatives 
with CAD (p = 0.0002) as well as when CAD was conside-
red premature (p = 0.004). Importantly, this study was 
fully adjusted for many covariates including systolic and 
diastolic blood pressure, smoking, race, lipid medica-
tion, physical activity and others (22).
In the MESA study (23), family history of fatal or non-fatal 
CHD in parents, siblings and children was considered an 
independent risk factor and performed better than Ankle 
Brachial Index, C-reactive protein and Flow Mediated Dila-
tion. In a systematic review, family history of premature 
CHD was predictive for CHD, even when controlled for tra-
ditional risk factors. However, the addition of family his-
tory into a traditional risk factor model did not improve 
the discrimination (18). The AHA/ACC 2013 guidelines (18) re-
commend to consider family history of premature corona-
ry heart disease as a major risk factor, defined as male <55 
years and female <65 years in any first degree relative.

Smoking

Cigarette smoking is one of the most important reversi-
ble risk factors for CHD. Compared with subjects who ne-
ver smoked, the incidence of acute myocardial infarction 
is increased sixfold in women and threefold in men who 
smoke at least 20 cigarettes per day (24). In a meta-analysis 
of 46 studies, including 130,000 patients with diabetes, 
the relative risk (95% CI) of smokers compared to non-
smokers was 1.48 (1.34–1.64) for total mortality, 1.36 (1.22–
1.52) for CV mortality, 1.54 (1.31–1.82) for CHD events, 1.44 
(1.28–1.61) for stroke and 1.52 (1.25–1.83) for AMI (25).
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Active smoking is associated with the highest risk of total 
mortality and cardiovascular events among patients with 
diabetes, while smoking cessation is associated with a re-
duced risk in total mortality and cardiovascular events in 
patients with diabetes. A large meta-analysis (26), (inclu-
ding 89 cohort studies of patients with diabetes) evalua-
ted the effect of active smoking in mortality. Comparing 
patients who were active smokers with former smokers 
and never-smokers, active smoking was associated with 
more than 50% increase in mortality and CV events in 
comparison to non-smokers. However, former smokers 
were in higher risk of mortality and CVD events than “ne-
ver-smokers”. Thus, there is an important benefit in 
smoking cessation among patients with diabetes, but a 
significant residual risk, which seems to be proportional 
to the exposed time of smoking, supports the concept 
that smoking should be suspended as early as possible.

Hypertension

Hypertension is a well-established risk factor for CHD 
and for stroke mortality. Isolated systolic hypertension is 
a major CHD risk factor at all ages, both in men and wo-
men (27). In the Framingham study (28), diastolic blood 
pressure was the strongest predictor of CHD risk in pa-
tients under 50 years of age. In those with age between 
50 and 59 years, all blood pressure parameters were 
predictors of CHD risk, while in those above 60 years of 
age, pulse pressure was the strongest predictor.
In both types 1 and 2 diabetes, hypertension is a major 
risk factor for ASCVD events and microvascular compli-
cations. In type 1 diabetes, hypertension is often the re-
sult of underlying diabetic kidney disease. In type 2 dia-
betes, it usually coexists with other cardiometabolic risk 
factors (15). A recent meta-analysis (29) including 40 trials, 
and 100,354 adults with T2DM, evaluated systolic blood 
pressure (SBP) lowering. They observed that for each 
10-mmHg lowering in SBP there was a significant lowe-
ring in risk for many outcomes such as: mortality (RR: 
0.87; 95% CI 0.78–0.96); cardiovascular events (RR: 0.89 
[95% CI 0.83–0.95], coronary heart disease (RR: 0.88 
[95% CI 0.80–0.98]) and stroke (RR, 0.73 [95% CI 0.64–
0.83]). The ADA 2016 standards of care recommends to 
treat people with diabetes and hypertension to a systo-
lic blood pressure goal of 140 mmHg and a diastolic 
blood pressure goal of 90 mmHg (15).

Blood lipids

LDL-c is one of the most important reversible risk factors 
for cardiovascular morbidity and mortality. Cardiovas-

cular (CVD) mortality data, from the ancillary observa-
tional MRFIT study (30), in the pre statin era, showed that, 
among 342,815 middle aged men in USA, (in which 5163 
had diabetes) who were followed up for 16 years, the ab-
solute adjusted risk of CVD death, stratified by choleste-
rol level, was several times higher in diabetics than in 
non-diabetics. The increase in CVD mortality tended to 
be disproportionately greater in patients with diabetes. 
The absolute excess risk due to diabetes ranged from 
47.9/10,000 persons-years with total cholesterol <180 
mg/dl to 103.8/10,000 persons-years for diabetic men in 
the 260–279 mg/dL total cholesterol range. The relative 
risk of CVD mortality for patients with diabetes ranged 
from 2.83 to 4.46 according to the level of cholesterol. 
Thus, cholesterol is a strong and independent risk factor 
for CVD mortality, which is potentiated by diabetes.
Considering reductions of LDL-c with statins, the Cho-
lesterol Treatment Trialists’ (CTT) Collaborators meta-
analysis (31) indicates that reducing LDL-c by 1 mmol/l 
with a statin will reduce the CVD relative risk in one-fifth, 
a linear phenomenon that is likely to occur similarly at 
any level of baseline LDL-c, at least through a limit down 
to LDL-c 50 mg/dL. In patients with diabetes, statins 
promote a proportional reduction of 9% in all-cause 
mortality (p = 0.02) and of 21% in incidence of major 
vascular events (p < 0.0001) per each mmol/l of reduc-
tion in LDL-c. Besides that there are also significant re-
ductions in acute myocardial infarction (AMI) (p < 
0.0001), coronary revascularization (p < 0.0001) and 
stroke (p < 0.0002).

> ASSESSMENT THROUGH RISK SCORE
CALCULATORS

Risk calculators estimate the global cardiovascular risk 
based on the weight of independent risk factors in a ma-
thematical equation, which generates a score based in 
absolute risk for different outcomes. This enables the 
clinician to estimate an individual patient’s risk to decide 
therapy. There are currently, at least 110 different cardio-
vascular risk score calculators and 45 exclusively for pa-
tients with diabetes (32). Due to differences in databases, 
different combinations of CVD endpoints and in diverse 
mathematical algorithms, there is a considerable varia-
bility. Importantly, we should remind that the validation 
of these scores is limited to the characteristics of the po-
pulation studied. The UKPDS risk engine (33) was origi-
nally designed by the Oxford University and may be the 
most popular global risk calculator for patients with dia-
betes. It stratifies risk in patients with diabetes based 
mainly on the risk for coronary heart disease (CHD) in 
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ten years. The database was derived from the UKPDS 
study cohort, a multi-ethnic population that included 
patients from UK, Greece, Spain and China. Components 
include age, duration of diabetes, gender, systolic blood 
pressure, total cholesterol, HDL cholesterol, smoking 
status, ethnicity and atrial fibrillation. The main outco-
me is the 10-year CHD incidence. When above 15%, it 
has a good sensitivity: 89.8% (95 CI 82.0–95.0) but with a 
low specificity: 30.3% (95% CI 25.4–35.6). In general, 
there is an overestimation of 108.8% in men and in 51.3% 
in women (33). The UKPDS-RE calculator version 2 was re-
commended by 2014 Brazilian Diabetes Society to stra-
tify risk in patients with diabetes (16), but will be replaced 
by risk factor stratification in the current (2017) update 
(data unpublished). UKPDS-RE may be useful in some 
situations where evidence-based decisions are lacking. 
Particularly it may help decisions in lower risk patients, 
those younger than 40 years old with or without risk fac-
tors, although it may have limitations in accuracy and 
may be time-consuming.

> HIGH RISK CONDITIONS ASSOCIATED WITH
DIABETES

Long Duration and Early Diagnosis of Diabetes

Duration of diabetes is a key determinant of cardiovas-
cular and CHD risk in diabetes. Patients with diabetes 
duration longer than 10 years can be considered in par-
ticular increased risk (11). In a prospective observational 
study (34), with the aim to assess the incidence of corona-
ry heart disease events and cardiovascular mortality ac-
cording to the time of T2DM diagnosis, 4045 men, aged 
60–79 years, were followed up for a mean of 9 years and 
classified at the entry into 4 groups: (1) no AMI/no 
T2DM, (2) no AMI/late-onset T2DM (diagnosis after age 
of 60 years), (3) no AMI/early-onset T2DM (before age 
of 60) and (4) prior AMI/no T2DM. Patients with both 
AMI and T2DM were excluded. There were a total of 372 
major CHD events and 455 deaths. Compared to non-
diabetic individuals, T2DM had a greater mean risk for 
CHD events and mortality, however, only patients with 
T2DM diagnosed before age of 60 with a mean duration 
of 16.7 years showed similar CHD risk as those with pre-
vious MI without diabetes. The adjusted hazard ratios 
(95% CI) for conventional risk factors and novel risk ma-
rkers in relation to group 1 were: 1.54 (1.07–2.21), 2.39 
(1.41–4.05), and 2.51 (1.88–3.36), for groups 2, 3 and 4, 
respectively.
Although age of onset and duration of diabetes are in-
terrelated, the diagnosis of diabetes at an early age may 

confer an additional risk independently of diabetes du-
ration. In a large cross-sectional survey (35), using data 
from the China National HbA1c Surveillance System 
(CNHSS), 222,773 patients with T2DM were divided into 
2 groups according to the beginning of diabetes: (1) at 
early onset (mean 35 years of age) and (2) at late onset 
(mean 55 years of age). Both groups were then compa-
red for non-fatal CV events. The odds-ratio (95% CI) ad-
justed for the duration of diabetes was: OR 1.91 (1.81–
2.02), with the higher risk in the group with earlier onset 
of T2DM. Thus it may be possible that patients with ear-
lier onset T2DM might have a more vulnerable pheno-
type due to obesity and low socio-economic (36).

Low Glomerular Filtration Rate and
Microalbuminuria

Glomerular filtration rate (GFR) is an independent risk 
factor for the development and severity of coronary ar-
tery disease (37). Both decreased glomerular filtration ra-
te and proteinuria independently increase the cardio-
vascular risk (38, 39). A meta-analysis of cohort studies, 
including 105,872 individuals from the general popula-
tion, with measurements of urine albumin-to-creatinine 
ratio (ACR) and 1,128,319 with urine protein dipstik, all-
cause mortality was compared during a mean of 7.9 ye-
ars of follow up. In 7.9 years of follow-up, the all-cause 
mortality for GFRs 60, 45, and 15 ml/min/1.73 m2 were 
respectively: HR [95% CI] 1.18 (1.05–1.32), 1.57 (1.39–1.78) 
and 3.14 (2.39–4.13).
Microalbuminuria is an independent risk factor for mor-
tality both in healthy (40) and T2DM patients (41). It is also 
an index of increased cardiovascular vulnerability. In the 
HOPE study (42), microalbuminuria was detected at base-
line in 32.6% of T2DM patients and in 14.8% of non-DM 
patients. After 4.5 years of follow up, the relative risk 
(95% CI) for the primary end point (myocardial infarc-
tion, stroke or CV death) in T2DM was 1.97 (1.68–2.31) 
and in non-DM: 1.61 (1.36–1.90). The adjusted relative 
risk for major CV events was 1.83 (1.64–2.05) and for all 
cause of deaths: 2.09 [1.84–2.38]. For every 0.4 mg/
mmol of increase in albumin-to-creatinine ratio, the ad-
justed hazard ratio of major CV events increased by 
5.9% [95% CI 4.9–7.0%].
Despite a clear association between GFR and microalbu-
minuria with cardiovascular outcomes, data on reclassifi-
cation, discrimination, calibration and cost-effectiveness 
are not available for considering practical recommenda-
tion of these markers for risk stratification. By this way, the 
AHA 2013 guidelines do not recommend its use in risk 
stratification either in diabetes or in general population (18).
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Presence of Metabolic Syndrome

The impact of metabolic syndrome (MetS) in cardiovas-
cular risk stratification has long been discussed. MetS is 
associated with a twofold increase in cardiovascular ou-
tcomes and a 1.5-fold increase in all causes mortality. In 
a large meta-analysis (43), including 951,083 patients, the 
relative risk (95% CI) for cardiovascular outcomes were: 
for CVD: RR 2.35 (2.02–2.73), for CVD mortality: RR: 2.40; 
(1.87–3.08), for all-cause mortality: RR: 1.58; (1.39–1.78), 
for myocardial infarction: RR: 1.99; (1.61–2.46) and for 
stroke: RR: 2.27; (1.80–2.85).
The still open question regarding MetS is whether MetS 
is simply the result of the sum of their components or if 
there is an independent excess of risk. Based on the 
NHANES III data (44), a large cross-sectional populational 
study including 76.1 million of US individuals, MetS was 
present in 44% of the total population above 50 years 
old and in 87% of patients with T2DM. In this study, the-
re were 13,013,000 individuals with diabetes. The total 
population was divided into 4 categories, according to 
the presence of diabetes and MetS. In patients with both 
DM and MetS, the prevalence of CHD was 19.2%, while 
in patients with DM without MetS the CHD prevalence 
was 7.5%. In individuals without DM, with or without 
MetS, had a CHD prevalence respectively of 8.7% to 
13.9%. Despite being a good predictor of CHD in the 
univariate analysis, MetS was not a significant predictor 
in the multivariate analysis, when it was adjusted for tri-
glycerides, HDL-c, blood pressure, fasting glucose and 
diabetes. So the risk impact of MetS seems to be derived 
from its individual components, especially HDL-c and 
blood pressure. However, there was an increase in the 
attributable risk of MetS when diabetes was present, ri-
sing from 37.4% to 54.7%. Most importantly, indepen-
dently from the origin of MetS risk, the prevalence of 
CHD markedly increases with presence of MetS, espe-
cially in the presence of diabetes.

Chronic Hyperglycemia

In individuals without diabetes, fasting blood glucose 
(FPG) has a curvilinear association with vascular disease 
and it is considered a moderate risk factor (1). In a meta-
analysis of 102 prospective studies (1), 698,782 individuals 
from different strata of FPG were compared with patients 
with normal FPG (70–100 mg/dL). The HR (95% CI) for 
coronary heart disease in patients in the group with me-
an FPG of 100–110 mg/dL and FPG 110–126 mg/dL were 
respectively: 1.11 (1.04–1.18) and 1.17 (1;08–1.26), showing 
only a modest rise. However, when patients with new 

diabetes were compared (FPG > 126 mg/dL) the HR rose 
to 1.78 (1.56–2.03) and was still higher when compared to 
patients with known diabetes: 2.36 (2.02–2.76).

Severe Hypoglycemia

Severe hypoglycemia (SH) (defined as hypoglycemic 
episode requiring assistance) increases approximately 
twice the risk of cardiovascular disease in T2DM (44). A 
cohort study (45) followed 906 T2DM patients with ages 
25–75 years for a median of 10.4 years, looking for an 
association between severe hypoglycemia and the pri-
mary outcome (death of any cause or CV death). The 
authors observed that, after adjusting for many covaria-
tes, severe hypoglycemia was still strongly associated 
with an increase in all cause mortality [HR 2.64 (1.39–
5.02) p = 0.003] and CV mortality HR 6.34 (2.02–19.87 p 
= 0.002). In this study, patients who experienced severe 
hypoglycemia had 2.64 times higher risk of all-cause 
mortality compared with those without severe hypogly-
cemia episodes. In the Hong Kong Diabetes Registry 
study (46), patients with severe hypoglycemia also sho-
wed increased incidence of mortality compared with 
those without SH, respectively: (32.8 vs. 11.2% p < 
0.0001). A plausible mechanism in which hypoglycemia 
may be linked to cardiovascular events is the acute in-
duction of pro-inflammatory and pro-atherosclerotic 
mediators. In an experiment using euglycemic and hy-
poglycemic clamp in healthy individuals and type 1 dia-
betes patients (46), moderate hypoglycemia acutely in-
creased circulating levels of PAI-1, VEGF, vascular 
adhesion molecules (VCAM, ICAM, E-selectin), IL-6, and 
markers of platelet activation (P-selectin) in individuals 
with type 1 diabetes and in healthy individuals.

Non-Alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease is an independent pre-
dictor of CAD among patients with T2DM. The Valpoli-
cella Heart Diabetes Study (47), a prospective nested ca-
se–control study, was designed to evaluate the 
association between non-alcoholic fatty liver disease, 
detected by ultra-sonography, and the incidence of car-
diovascular complications in T2DM. The study included 
2103 individuals with T2DM free of CVD at baseline who 
were followed for 6.5 years. There were 384 cases of new 
CVD events. After multiple adjustments for sex, age, 
smoking, diabetes duration, A1C, LDL-c, medications 
(hypoglycemic, antihypertensive, lipid-lowering, anti-
platelet drugs) and metabolic syndrome, the association 
remained independent (HR 1.87 [1.2–2.6], p < 0.001). 
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NAFLD has also been associated to diastolic dysfunction 
in T2DM patients without a history of ischemic heart di-
sease (48) and with increased coronary calcium scores, 
independently of features of metabolic syndrome (49).

Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea is characterized by recurrent 
episodes of partial or complete upper airway collapse 
and obstruction during sleep, associated with intermit-
tent oxygen desaturation, sleep fragmentation and is 
associated with an increased incidence of fatal myocar-
dial infarction and stroke (50, 51). The prevalence of OSA is 
increased in T2DM patients and could be underdiagno-
sed. In one series from Germany (52), 938 T2DM men, 
who answered a questionnaire, 56% were at increased 
risk for OSA, and diabetes was an independent predictor 
for OSA. Prevalence of OSA is also increased in T1DM pa-
tients (53). Severe OSA (apnea-hypopnea index [AHI] 
>30/h) is strongly associated with increased mortality, 
stroke and cardiovascular disease in middle-aged popu-
lations, on the other hand, patients with diabetes are at 
high risk of OSA and should be questioned for symp-
toms, which may warrant further investigation and tre-
atment (54).

Erectile Dysfunction

Men with erectile dysfunction (ED) are at higher risk for 
cardiovascular (CV) events (55). In a metanalysis of cohort 
and cross-sectional studies (56) including 22,586 subjects 
with T2DM and 3791 CV events, the overall odds ratio 
(OR) of diabetic men with ED compared with patients 
without ED, was 1.74 (95% CI 1.34–2.27; p = 0.001) for CV 
events and 1.72 (95% CI 1.5–1.98; p, 0.001) for CHD, con-
sidering only the cohort studies. In the cross-sectional 
studies, the OR of DM men with or without ED was 3.39 
(95% CI 2.58–4.44; p, 0.001) for CV events and 3.43 (95% 
CI 2.46–4.77; p < 0.001) for CHD events. Thus, ED may 
precede CVD in the same disease progression line, and 
its presence in a patient with diabetes indicates a higher 
CV risk condition.

> ROLE OF BIOMARKERS IN PATIENTS WITH
DIABETES

The assessment of the utility of risk biomarkers involves 
several statistical tests beyond the statistical associa-
tion (57, 58). Indeed, the presence of a statistically signifi-
cant association between a risk marker and the disease 
is mandatory, but does not guarantee the improvement 

in risk prediction. Recent literature has proposed the use 
of measures of discrimination and calibration to test the 
prediction capacity of a risk marker. Discrimination is the 
capacity to identificate the subject who will present the 
event of interest from the one who will not. The area un-
der the receiver-operating-characteristic (ROC) curve 
(AUC) is a popular metric of discrimination. The AUC re-
presents the area under the plot of sensitivity (true posi-
tive rate) versus one minus specificity (true negative ra-
te), and means the probability that a given test or 
predictive model assigns a higher probability of an event 
to those who actually develop the event (57, 58). Due to the 
poor performance of various risk markers on their ability 
to increase the AUC, researchers have also tested other 
approaches to analyse the predictive utility of a marker, 
such as the reclassification. The reclassification evaluates 
the capacity of a new test when added to a model, to 
properly reassign a subject to a higher or lower category 
of risk (57, 58). Calibration is another statistical method to 
test the predictive capacity of a marker and represents a 
measure of how close the predictive risks by a certain 
model are of the real risks, after dividing the population 
into categories, such as deciles.

High Sensitivity C-Reactive Protein

High sensitivity C-reative protein (hs-CRP) is a marker of 
systemic inflammation and a predictor of incident CVD 
and CHD, independent of diabetes. In the study by Ri-
dker et al. (59), 27,939 presumed healthy American wo-
men were followed up for a mean of 8 years for incident 
myocardial infarction, ischemic stroke, coronary revas-
cularization or death from cardiovascular causes. They 
observed that hs-CRP was strongly related to the inci-
dence of cardiovascular events, even after adjustments 
for age, smoking status, diabetes, categorical levels of 
blood pressure and the use of hormone therapy. In that 
study, hs-CRP performed better than LDL-c, indicating 
that hs-CRP may add substantial prognostic informa-
tion to that conveyed by the Framingham risk score. The 
MESA study (23), confirmed that hs-CRP is independently 
associated with incident CHD, adding information to 
traditional risk factors of Framingham risk score.
In patients with diabetes, the predictive value of CRP for 
cardiovascular disease is a more debated issue. In a po-
oled analyses of 25,979 participants from 4 UK prospec-
tive cohort studies (60) followed for a median of 93 mon-
ths, CRP was associated with a 53% (95% CI 43–64) and 
43% (37-48) increase in cardiovascular risk and all-cause 
mortality. In individuals with diabetes, CRP was associa-
ted with 54% increase in cardiovascular death and 53% 
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greater risk of all cause mortality. Across subgroups of 
participants based on 3 categories of CRP (<1, 1–3, and 
>3 mg/l), there was a graded association between CRP 
and outcomes, except in people with diabetes. Similar 
results were also seen in the Hoorn study (61), in the 
Strong Heart Study (62), in the Honolulu Heart Program 
study (63) and in the study by Biasucci et al. (64). In these 
studies, CRP was a significant predictor of CVD only 
among participants without diabetes. Interestingly, in 
the Diabetes Heart Study (65), hs-CRP was evaluated for 
predicting mortality in 846 T2DM who were followed up 
for a period of 7.3 years. Baseline hs-CRP values were 
compared in living and in deceased sub-groups. Baseli-
ne CRP was significantly higher in the deceased sub-
group (9.37 ± 15.94) compared with the living subgroup 
(5.36 ± 7.91 mg/l; p < 0.0001). A hs-CRP above 10 mg/l 
indicated an Odds Ratio of 5.24 (2.80–9.38) to be dece-
ased. Although a retrospective study, it indicates that 
CRP may predict mortality in T2DM, but at a higher va-
lue than the American Heart Association CRP threshold 
of >3 mg/l.

> OTHER BIOMARKERS

In a prespecified subgroup analysis of Saxagliptin Asses-
sment of Vascular Outcomes Recorded in Patients with 
Diabetes Mellitus (SAVOR)-Thrombolysis in Myocardial 
Infarction (TIMI) 53 trial, there was an evaluation of bio-
markers reflecting the pathophysiologic processes of 
myocardial injury with high-sensitivity troponin T (hs-
TnT), hemodynamic stress with N-terminal pro–B-type 
natriuretic peptide (NT-proBNP), and inflammation wi-
th hsCRP, to assess their incremental prognostic value in 
the risk stratification of diabetics (66). In this secondary 
analysis of a study including over 12,000 patients with 
established cardiovascular disease or multiple risk fac-
tors, elevated levels of hsTnT, NT-proBNP, and hsCRP im-
proved discrimination and correct reclassification of the 
risk for the primary endpoint (cardiovascular death, 
myocardial infarction, or ischemic stroke), the individual 
endpoints, and hospitalization for heart failure (66).

> ASSESSMENT OF SUBCLINICAL ATHEROSCLEROSIS

Coronary Artery Calcium Score (CAC)

Coronary arterial calcification is part of the develop-
ment of atherosclerosis, occurring almost exclusively in 
atherosclerotic arteries being absent in normal vessel 
walls (67). Atherosclerotic plaque proceeds through pro-
gressive stages where instability and rupture can be 

followed by calcification, providing stability to an unsta-
ble lesion (68). Coronary artery calcium score (CAC) is de-
termined by electron-beam (EBCT) and multi-detector 
(MDCT) computed tomography (69). It has a strong corre-
lation with the total coronary atherosclerotic burden 
and is able to define CHD risk, being an independent 
predictor of cardiovascular disease (70, 71).
The MESA Study (23) compared the improvement in pre-
diction of incident CHD and CVD between six risk ma-
rkers in 6814 patients, in whom 1330 were at intermedia-
te risk, determined by the Framingham risk score (FRS) 
at baseline. After a 7.6-year median follow up, there we-
re 94 CHD and 123 CVD events. Baseline accuracy ROC 
curve for CAC afforded the highest increment of sensiti-
vity and specificity to the FRS compared to all other ma-
rkers. CAC score has an incremental relationship with 
higher event rates when compared to a CAC zero score. 
A metanalysis (70) evaluating the prognostic value of CAC 
from 4 studies in asymptomatic subjects, indicated a li-
near relationship between CAC and CHD events. The 
summary adjusted relative risk ratios for scores ranging 
from CAC 1–100 compared to CAC zero was 2.1 (95% CI 
1.6–2.9). The RR for CAC 101–400 and CAC >400 compa-
red to CAC zero ranged from 3.0 to 17.0, but varied sig-
nificantly among studies.
In patients with diabetes, cross-sectional studies have 
shown higher prevalences and extent of coronary cal-
cium compared with non-diabetic patients, with a great 
heterogeneity (71-73). In one series, of 155 asymptomatic 
individuals with diabetes, 72% had positive CAC scores 
and 48% had a CAC score >102 (72).
Coronary arterial calcification is predictive for cardio-
vascular end-points in asymptomatic patient with 
T2DM. The PREDICT study (74), aimed to evaluate the 
CAC score as a predictor of cardiovascular events in type 
2 diabetes. They included 589 T2DM patients with no 
history of cardiovascular disease, mean age 63 years, 
predominantly overweight male, who had CAC score 
measured at baseline. Patients were followed for a me-
dian of 4 years for cardiovascular endpoints. CAC was a 
highly significant independent predictor of events (p < 
0.001). A doubling in CAC was associated with a 32% in-
crease in risk of events. There was a progressive increase 
in hazard ratio according with the CAC score level, com-
paring to CAC <10. Moreover, the area under the ROC 
curve of Framingham risk score and UKPDS-Risk Engine 
increased significantly with the addition of CAC score.
Coronary arterial calcification is also predictive for morta-
lity in asymptomatic T2DM. In a large cohort study with a 
mean follow-up of 5 years (13), including 10,377 asympto-
matic individuals, with 903 T2DM, the mean CAC score 
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for individuals with and without diabetes were respecti-
vely 281 ± 567 and 119 ± 341 Agatston units (p < 0.0001). 
The death rate was 3.5% in T2DM and 2% in non-DM res-
pectively (p < 0.0001). The increase in mortality was pro-
portional to increases in CAC. Interestingly, the absence 
of coronary calcium (CAC = 0) conferred a similar survival 
rate for both groups with or without diabetes (72).
These associations were confirmed by a systematic review 
and metanalysis of 8 cohort studies (12) that investigated 
the association of CAC with all cause mortality and car-
diovascular events in T2DM. The study included 6.521 
T2DM patients with a mean follow up of 5.18 years. They 
compared the number of events in patients with CAC 
above and below 10. There were a total of 802 cardiovas-
cular events. CAC below 10 was present in 28.5% of pa-
tients. The relative risk for all-cause mortality or CV events 
was 5.47 (95% CI 2.59–11.53 p < 0.001). In relation to the 
main outcome, a CAC score >10 presented respectively a 
sensitivity of 94% (95% CI 89–96) and a specificity of 34% 
(24–44%). Because people with a CAC < 10 were 6.8 times 
less likely to have a cardiovascular event, the authors sug-
gest that the negative predictive value of CAC <10 may 
be useful to discriminate T2DM to a lower risk category.
The long-term predictive value of CAC score for all cause 
mortality in asymptomatic patients with diabetes was re-
cently addressed in a 15-year cohort study (75). Baseline 
CAC was determined in 9715 non-diabetic individuals 
and in 810 T2DM patients, predominantly male, with me-
an age of 53 years. In 34% of T2DM, baseline CAC score 
was zero (CAC = 0). The cumulative mortality rate over 15 
years according to baseline CAC score was greater in 
T2DM than in non-diabetic individuals. The adjusted HR 
(95% CI) for mortality at 15 years was respectively: for CAC 
[0]: 2.53 (1.74–3.69); CAC [1–399]: 2.07 (1.64–2.62); CAC 
[>400]: 1.88 (1.41–2.51). Interestingly, a CAC zero confer-
red a similar mortality rate between T2DM and non-DM 
patients for the first 5 years. After 5 years, however, the 
risk of mortality increased significantly for diabetic pa-
tients even in the presence of a baseline CAC = 0 (75).
Although the importance of CAC in risk stratification has 
increased significantly in the last years, ADA 2016 (15) still 
does not recommend CAC score for routine use in risk 
stratification of patients with diabetes, due to still open 
questions in cost-effectiveness. Further studies should 
address this point specially taking into account the risks 
of excessive exposition to radiation and costs.

Carotid Intima-Media Thickness (CIMT) and
Carotid Plaque

Carotid-wall intima-media thickness (CIMT) is the dis-

tance from the lumen-intima interface to the media-
adventitia interface of the artery wall, determined by a 
carotid artery ultrasound (76). CMIT is a surrogate marker 
for new acute myocardial infarction and stroke in indivi-
duals above 65 years old (77), when maximal IMT is above 
1.11 mm, both in common and in internal carotid arte-
ries. Increased CIMT above 1 mm is also predictive for 
CHD in younger individuals without previous cardiovas-
cular events (78). The addition of maximal CMIT measure-
ment of the internal carotid to the Framingham Risk 
Score (FRS) only modestly (7.6% p < 0.001) improves its 
accuracy for predicting cardiovascular events (79). In pa-
tients with T2DM, CMIT above 1.9 mm is predictive of 
coronary artery stenosis, improving the FRS and UKPDS 
risk engine scores accuracy in Japanese population (80). 
Interestingly, CMIT seems to perform better in obese 
than in lean T2DM patients (81).
A carotid plaque is defined as the thickness of the intima 
above 1.0 mm (82), 1.1 mm (79) or even 1.5 mm (83). The total 
plaque area determination is a simple and highly repro-
ducible method to quantify atherosclerosis. It improves 
significantly the sensitivity of FRS as a screening tool to 
reclassify intermediate and high risk in non-diabetic pa-
tients (82). In asymptomatic patients with T2DM, the sum 
of the maximum plaque thickness above 1.1 mm from 
both sides of the carotid wall carotid plaque, increases 
the predictive value for detecting coronary stenosis gre-
ater than 50% (obstructive CAD). This seems to be inde-
pendent of age, hypertension, hyperlipidemia and 
HbA1c (83).
Although promising, CIMT and carotid plaque detection 
are currently not recommended for routine use for risk 
assessment by AHA/ACC 2013 guidelines (14, 18). The panel 
considers that additional research is needed to quantify 
the cost effectiveness and the impact of imaging for 
subclinical atherosclerosis on cardiovascular risk factor 
management and patient outcomes.

Ankle-Braquial Index (ABI)

Ankle-braquial index is obtained by measuring systolic 
blood pressure in the supine position, in bilateral bra-
chial arteries, dorsalis pedis arteries and in posterior ti-
bial arteries using Doppler with a 5-mHz probe. The hi-
ghest value of each blood pressure measurement is 
used. Most of studies have used a cut-off point of <0.90 
(84-87). A low ABI score is associated with elevated cardio-
vascular risk. In the MESA study (23), ABI was compared to 
other cardiovascular risk markers in relation to Framin-
gham risk score. ABI was superior to Framingham Score 
alone and was considered an independent risk predictor 
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of incident CHD/CVD beyond traditional risk factors. In 
a systematic review including 9 studies, the sensitivity 
and specificity of a low ABI as a predictor of future CVD 
events were respectively 16.5% and 92.7% for coronary 
heart diseases, 16.0% and 92.2%, for incident stroke and 
41.0% and 87.9% for cardiovascular mortality. Thus ABI 
has a high specificity but a very low sensitivity, limiting 
its utility as a screening test for CAD (86). The ACC/AHA 
Expert Opinion guidelines (14, 18) currently recommend 
ABI threshold of <0.9 for considering a patient at high 
risk, in the cardiovascular risk assessment of asympto-
matic adults at intermediate risk.
In patients with diabetes data is less available. In a Chine-
se study in T2DM patients, ABI <0.9 was independently 
associated with high risk for all-cause mortality and CVD 
mortality (88). In that study, decreasing ABI scores below 
0.9 presented a progressive association with mortality.

> ASSESSMENT OF SILENT ISCHEMIA

Silent ischemia identification may be important for a 
more aggressive intervention to prevent clinical events 
or, in advanced disease, to indicate revascularization. In 
diabetes, silent coronary artery disease occurs in a va-
rying prevalence, ranging from 12.4% (89), 18% (90), 22% (91) 
up to 34% (92), depending on age, duration of diabetes 
and presence of risk factors. Because symptomatic dia-
betic patients may have a worse prognosis, the detec-
tion of disease before acute coronary syndrome events 
may improve morbidity and mortality.
The 2016 position from the American Diabetes Associa-
tion, however, does not recommend screening asymp-
tomatic high-risk patients with diabetes, for not consi-
dering it cost-effective. There is a lack of evidence 
indicating that screening these patients could reduce 
cardiovascular outcomes. The DIAD study (93) assessed 
whether routine screening for CAD could identify 
asymptomatic T2DM patients and how screening with 
adenosine-stress myocardial perfusion imaging (sMPI) 
could affect their cardiac outcomes. In a randomized 
controlled trial, 1123 participants with T2DM and no 
symptoms of CAD were randomly assigned to be scree-
ned or not with sMPI. After a follow up of 4.8-years, no 
additional benefit was observed. There were 2.7% events 
among the screened group and 3.0% in the non-scree-
ned group, which was not significantly different [HR], 
0.88 (95% CI 0.44–1.88).
Another point is that, there is evidence (94) that silent is-
chemia may attenuate with time. In the DIAD study (93) 

56 (79%) of 71 T2DM patients who had positive sMPI de-
monstrated complete resolution of ischemia when the 

test was repeated 3 years later. The last point is that, the 
great majority of T2DM patients with silent ischemia 
would have less severe ischemia (93). In these presumed 
cases, patients should benefit of intensive prevention si-
milarly as invasive revascularization treatment (95, 96). Cur-
rently, AHA and ADA guidelines recommend only res-
ting ECG for routine evaluation of asymptomatic patient 
with diabetes (15, 18).

> CONCLUSIONS

Type 2 Diabetes increases cardiovascular risk in 2 to four-
fold, but cannot be considered a risk equivalent due to 
the high heterogeneity. Risk stratification is necessary to 
individualize treatment. It is expected that almost 30% of 
cases may have a 5-year CHD risk similar to general po-
pulation, however, lifetime risk seems to be invariably 
high in almost all patients with diabetes. Age above 40 
years, diabetes diagnosis of more than 10 years, the pre-
sence of a first degree family history with premature 
CHD, male gender, high blood pressure, LDL above 100 
mg/dl, low renal function, microalbuminuria, presence of 
non-alcoholic fatty liver disease, obstructive sleep apnea, 
erectile dysfunction and specially metabolic syndrome, 
chronic hyperglycemia and severe hypoglycemia are 
conditions that increase cardiovascular risk.
For now, risk stratification in the patient with diabetes 
should include solely the traditional risk factors with or 
without risk calculators. Emerging risk factors are still 
awaiting confirmatory studies. Basically for being useful 
in clinical practice, first they must be strongly associated 
with the outcome. Secondly, there must be a reasonable 
potential for reclassification besides the traditional risk 
factors. They also must have good discrimination and 
calibration. Finally, they must have a favorable cost-
effectiveness profile. Coronary artery calcium score, hs-
CRP, family history of premature CVD and ABI can be 
useful tools. Estimated glomerular filtration rate (GFR) 
and microalbuminuria roles are still uncertain. CMIT is 
currently recommended against for using in clinical 
practice by 2013 AHA (18). Better stratification of patients 
with diabetes may improve quality of indication of treat-
ment in patients with diabetes. <
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> Erratum to: Bertoluci MC, Rocha VZ. Cardiovascular risk assessment in patients with diabetes. Diabetol 
Metab Syndr. 2017 Apr 20; 9: 25. doi: 0.1186/s13098-017-0225-1.

Upon publication of the original article (1), it was noticed that the Ref. (32) was incorrectly given as (32): Allan GM, 
Nouri F, Korownyk C, Kolber MR, Vandermeer B, McCormack J. Agreement among cardiovascular disease risk calcu-
lators. Circulation. 2013;127(19):1948–56.
The correct Ref. (32) is
32. van Dieren S, Beulens JWJ, Kengne AP, Peelen LM, Rutten GEHM, Woodwarth M, van der Schouw T, Moons KGM. 
Prediction models risk of cardiovascular disease in patients with type 2 diabetes: a systematic review. Heart. 
2012;98:360–9. doi:10.1136/heartjnl.2011-30074.
This has now been acknowledged and corrected in this erratum.
The sentence in the section ‘Assessment through risk score calculators’, “There are currently, at least 110 different car-
diovascular risk score calculators and 45 exclusively for patients with diabetes (32)” is incorrectly given.
The correct sentence is
There are currently, at least 45 different cardiovascular risk score calculators and 12 exclusively for patients with dia-
betes (32).
This has now been acknowledged and corrected in this erratum.
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