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Abstract
Background: People with the diagnosis of diabetes mellitus are at higher risk for
developing cardiovascular diseases, and often present at an earlier age than people without
diabetes.
Purpose: To review the current prevalence, methods of risk stratification and
prediction factors for CVD among patients with DM.
Results: There are special systems for stratification cardiovascular risk in this patients,
such us SCORE, the American College of Cardiology/ American Heart Association ASCVD risk
calculator (Risk Estimator Plus), the UKPDS Risk Engine and other. But electrocardiography
findings can be associated with increased risk of CVD and mortality in patients with diabetes
mellitus. A resting ECG may detect silent MI in 4% of individuals with DM, which has been
associated with increased risk of CVD and all-cause mortality in men but not women.
Additionally, prolonged corrected QT interval is associated with increased CV mortality in
T1DM, whereas increasing resting heart rate is associated with risk of CVD in T1DM and
T2DM. Low heart rate variability (a marker of diabetic CV autonomic neuropathy) has been
associated with an increased risk of fatal and non-fatal CAD. In prospective cohorts, 40% of
patients with DM presented silent ST-segment depression during exercise ECG. Also DM is
an independent risk factor for AF, especially in young patients, and increases the risk of
stroke in paroxysmal or permanent AF.
Conclusions: CVD is a major cause of mortality among people with DM. So, it is
necessary to estimate the risk of CVD in these patients with effective mechanisms, including
electrocardiogram findings. Screening people with diabetes mellitus for CV risk with ECG
and other methods is an important strategy for reducing mortality and CVD events.
Keywords: Cardiovascular disease, Diabetes mellitus, Risk stratification,
Electrocardiogram, Coronary heart disease, Myocardial infarction, Heart rate variability,
ST-segment, QT-interval, Cardiovascular autonomic neuropathy.
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Introduction
Diabetes is a chronic condition that occurs when the body cannot produce enough
insulin or cannot use insulin, and is diagnosed by observing raised levels of glucose in the
blood. It is one of the largest health emergencies of the 21st century. The World Health
Organization (WHO) estimates that globally, high blood glucose is the third highest risk
factor for premature mortality, after high blood pressure and tobacco use.
People with diabetes are at higher risk of developing a number of disabling and
life-threatening health problems than people without diabetes. Consistently high blood
glucose levels can lead to serious diseases affecting the heart and blood vessels, eyes,
kidneys and nerves. People with diabetes are also at increased risk of developing infections.
In almost all high-income countries, diabetes is a leading cause of cardiovascular disease,
blindness, kidney failure and lower-limb amputation.
Some 415 million people worldwide, or 8.8% of adults aged 20-79, are estimated to
have diabetes. About 75% live in low- and middle-income countries. If these trends continue,
by 2040 some 642 million people, or one adult in ten will have diabetes. The largest
increases will take place in the regions where economies are moving from low-income to
middle-income levels.
In high-income countries it is estimated that approximately 87% to 91% of all people
with diabetes are estimated to have type 2 diabetes, 7% to 12% are estimated to have type
1 diabetes, and 1% to 3% to have other types of diabetes. The relative proportions of type 1
and type 2 diabetes have not been reported in sufficient detail in low- and middle-income
countries.
So the type 2 diabetes is the most common type of diabetes and the number of
people with type 2 diabetes is growing rapidly worldwide. This rise is associated with ageing
populations, economic development, increasing urbanisation, less healthy diets and
reduced physical activity.
The growth in prevalence of type 2 diabetes in low- and middle-income countries
means that without effective strategies to support better management of diabetes, it is likely
that there will be large increases in the rates of these complications. Diabetes complications
can be prevented or delayed by maintaining blood glucose, blood pressure and cholesterol
levels as close to normal as possible. Many complications can be picked up in their early
stages by screening programs that allow treatment to prevent them from becoming more
serious.
The most common cause of death and disability among people with diabetes are
cardiovascular disease, which can account for 50% or more of deaths due to diabetes in
some populations. It includes angina, myocardial infarction (heart attack), stroke,
arrhythmias, peripheral artery disease and congestive heart failure. High blood pressure,
high cholesterol, high blood glucose and other risk factors contribute to the increased risk
of cardiovascular complications.
The costs associated with diabetes include increased use of health services, loss of
productivity and disability. As a result, diabetes imposes a large economic burden on
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individuals and families, national health systems and countries; it therefore represents a
significant obstacle to sustainable economic development.
Global health spending to treat diabetes and prevent complications was estimated to
range from USD 673 billion to USD 1,197 billion in 2015. By 2040, this number is projected
to exceed USD 802 billion to USD 1,452 billion in today’s dollars. Expressed in International
Dollars (ID), which correct differences in purchasing power, global health spending on
diabetes was estimated to be between ID 795 billion and ID 1,404 billion in 2015 and
between ID 997 billion and ID 1,788 billion in 2040 [1].
Prevalence of Cardiovascular Diseases on Diabetes Mellitus
Th. R. Einarson et al. [2] analyzed data from 57 articles with 4,549,481 persons
≥18 years old having type 2 diabetes mellitus (T2DM) from January 2007 to March 2017.
Their purpose was to estimate the current prevalence of CVD among adults with T2DM. CVD
included stroke, myocardial infarction, angina pectoris, heart failure, ischemic heart disease,
cardiovascular disease, coronary heart disease, atherosclerosis, and cardiovascular death.
Overall in 4,549,481 persons with T2DM, 52.0% were male, 47.0% were obese, aged
63.6 ± 6.9 years old, with T2DM duration of 10.4 ± 3.7 years. CVD affected 32.2% overall (53
studies, N = 4,289,140); 29.1% had atherosclerosis (4 studies, N = 1153), 21.2% had
coronary heart disease (42 articles, N = 3,833,200), 14.9% heart failure (14 studies, N =
601,154), 14.6% angina (4 studies, N = 354,743), 10.0% myocardial infarction (13 studies, N =
3,518,833) and 7.6% stroke (39 studies, N = 3,901,505). CVD was the cause of death in 9.9%
of T2DM patients (representing 50.3% of all deaths) (Table 1).
Table 1

The results of this review show that CVD is a major cause of comorbidity and death
among patients with T2DM with CAD having the highest prevalence. The most frequent type
of CVD reported was CAD (21.2%) and the lowest was stroke (7.6%). Males had higher rates
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of prevalent disease than females. CVD was responsible for 50.3% of all deaths in T2DM
patients over the period of the review. Along with diabetes, cardiovascular disease is
associated with several risk factors, obesity, and age.
There are new 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the EASD [3] which summarize and evaluate the
available evidence in proposing the best management strategies for an individual patient
with DM. The Emerging Risk Factor Collaboration [4], a meta-analysis of 102 prospective
studies, showed that DM in general (data on DM type were unavailable) confers a two-fold
excess risk of vascular outcome (coronary heart disease, ischemic stroke, and vascular
deaths), independent of other risk factors. The excess relative risk of vascular events with
DM was greater in women and at younger ages. Both relative and absolute risk levels will be
higher in those with long-standing DM and microvascular complications, including renal
disease or proteinuria. The Swedish National Diabetes Register has provided important
insights into the prevalence of CVD and CV death in both type 1 DM (T1DM) and T2DM. For
T1DM, 27 195 subjects were stratified by age and sex. Early onset at 1-10 years of age was
associated with a hazard ratio (HR) of 7.38 for CV mortality, 30.95 for acute myocardial
infarction (MI), and 12.9 for heart failure (HF). The corresponding figures for T1DM onset
between the ages of 26 and 30 years were 3.64, 5.77, and 5.07, respectively. Development
of T1DM between 1-10 years of age resulted in loss of 17.7 years of life in women and 14.2
years in men.
For T2DM, a huge cohort of 435 369 patients was matched with controls and
followed for 4.6 years. CVD mortality was 17.15/1000 patient-years for T2DM and
12.86/1000 patient-years for controls. In this cohort, age at DM diagnosis, glycaemic control,
and renal complications were the major determinants of outcome. Although T2DM is far
more common than T1DM, these results confirm the loss of years of life in both populations,
which is particularly severe in the young in general and perhaps in young-onset female
individuals with T1DM, emphasizing the need for intensive risk-factor management in these
groups. The elevated risk of coronary artery disease (CAD) starts at glucose levels below the
cut-off point for DM (<7 mmol/L) and increases with increasing glucose levels.
So, cardiovascular diseases (CVD) remain the leading cause of morbidity, mortality
and economical losses in patients with type 2 diabetes and are largely preventable. A key
step towards prevention is accurate stratification of risk, allowing appropriate targeting of
maximally effective intervention strategies [5].
Stratification of Cardiovascular Risk in Individuals with Diabetes
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 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 [6].
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Screening people with diabetes mellitus for CV risk is an important strategy for
reducing mortality and CVD events [2].
1. SCORE
As outlined in the 2016 European Guidelines on cardiovascular disease prevention in
clinical practice [7], individuals with DM and CVD, or DM with target organ damage, such as
proteinuria or kidney failure (estimated glomerular filtration rate (eGFR) 10%), are at very
high risk (10 year risk of CVD death >10%). Patients with DM with three or more major risk
factors, or with a DM duration of >20 years, are also at very high risk. Furthermore, T1DM at
the age of 40 years with early onset (i.e. 1-10 years of age) and particularly in female
individuals is associated with very high CV risk. Most others with DM are high risk (10 year
risk of CVD death 5 - 10%), with the exception of young patients (aged <35 years) with T1DM
of short duration (<10 years), and patients with T2DM aged <50 years with a DM duration of
<10 years and without major risk factors, who are at moderate risk. The classification of risk
level applied in these Guidelines is presented in Table 2. When DM is present, female sex is
not protective against premature CVD, as seen in the general population.
– Low- to moderate-risk persons (calculated SCORE < 5%): should be offered lifestyle
advice to maintain their low- to moderate-risk status.
– High-risk persons (calculated SCORE ≥5% and <10%): qualify for intensive lifestyle
advice and may be candidates for drug treatment.
– Very-high-risk persons (calculated SCORE ≥10%): drug treatment is more frequently
required. In persons >60 years of age, these thresholds should be interpreted more
leniently, because their age-specific risk is normally around these levels, even when other CV
risk factor levels are ‘normal’. In particular, uncritical initiation of drug treatments of all
elderly with risks greater than the 10% threshold should be discouraged.
Table 2

cardiolyse.com

Cardiovascular risk assessment in asymptomatic patients with diabetes should be
provided with the following recommendations for the use of laboratory, ECG, and imaging
testing (Table 3).
Table 3

2. ASCVD Risk Estimator
The American College of Cardiology/ American Heart Association ASCVD risk
calculator (Risk Estimator Plus) is generally a useful tool to estimate 10-year ASCVD risk
(http://tools.acc.org/ASCVDRisk-Estimator-Plus) (Figure 1). These calculators have diabetes
as a risk factor, since diabetes itself confers increased risk for ASCVD, although it should be
acknowledged that these risk calculators do not account for the duration of diabetes or the
presence of diabetes complications, such as albuminuria, also it should be used for primary
prevention patients (those without ASCVD) only. Although some variability in calibration
exists in various subgroups, including by sex, race, and diabetes, the overall risk prediction
does not differ in those with or without diabetes, validating the use of risk calculators in
people with diabetes. The 10-year risk of a first ASCVD event should be assessed to better
stratify ASCVD risk and help guide therapy [8].

Figure 1
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3. UKPDS Risk Engine
The NICE guideline [9] recommends CVD risk assessment annually using the UKPDS
risk engine (https://www.dtu.ox.ac.uk/riskengine/) (Figure 2).
Risk calculators based on equations from the Framingham Heart Study tend to
underestimate risks for people with diabetes as this study included relatively few diabetic
subjects. The UKPDS Risk Engine is a type 2 diabetes specific risk calculator based on 53,000
patients years of data from the UK Prospective Diabetes Study, which also provides an
approximate 'margin of error' for each estimate.
The UKPDS Risk Engine provides risk estimates and 95% confidence intervals, in
individuals with type 2 diabetes not known to have heart disease, for:
● non-fatal and fatal coronary heart disease,
● fatal coronary heart disease,
● non-fatal and fatal stroke,
● fatal stroke.
These can be calculated for any given duration of type 2 diabetes based on current
age, sex, ethnicity, smoking status, presence or absence of atrial fibrillation and levels of
HbA1c, systolic blood pressure, total cholesterol and HDL cholesterol.
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Figure 2

ECG in Cardiovascular Risk Assessment in Patients with DM
Cardiac Autonomic Dysfunction
Cardiac autonomic dysfunction is a complication of T2DM and, in adults, carries an
approximately fivefold increased risk of mortality. Hyperglycemia is thought to be associated
with abnormal signaling of autonomic neurons via accumulation of advanced glycation end
products, activation of the polyol pathway, and ischemia-induced atrophy of the autonomic
nerve fibers innervating the cardiac and vascular tissue. Cardiac autonomic neuropathy
(CAN) encompasses damage to the autonomic nerve fibers that innervated the heart and
blood vessels, resulting in abnormalities in heart rate control and vascular dynamics. Both
divisions of the autonomic nervous system are typically affected, with parasympathetic
impairment preceding the sympathetic dysfunction [10]. There is plenty of clinical
manifestations of CAN.
Autonomic dysfunction impairs exercise tolerance, reduces response in heart rate
and blood pressure (BP), and blunts increases in cardiac output in response to exercise.
Diabetic patients who are likely to have CAN should be tested for cardiac stress before
undertaking an exercise program. Patients with CAN need to rely on their perceived
exertion, not heart rate, to avoid hazardous levels of intensity of exercise. Presently, there is
inadequate evidence to recommend routine screening of asymptomatic diabetic patients
with an exercise ECG test. Emerging data support the utility of stress imaging testing in
identifying diabetic patients with preclinical coronary artery disease, particularly patients
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with high-risk features, and comorbidities such as long-standing disease, CAN, multiple
chronic renal failures, resting ECG abnormalities, and peripheral artery disease [10].
Progression of CAN:
● It can be detected at the time of diagnosis.
● Neither age nor type of diabetes are limiting factors in its emergence; it has been found
both in young people with newly diagnosed type 1 diabetes and in older people newly
diagnosed with type 2 diabetes.
● Poor glycemic control plays a central role in development and progression.
● Intensive therapy can slow the progression and delay the appearance of abnormal
autonomic function tests.
● Subclinical autonomic neuropathy can be detected early using autonomic function tests.
● Autonomic features that are associated with sympathetic nervous system dysfunction (eg,
orthostatic hypotension) are relatively late complications of diabetes.
● There is an association between CAN and diabetic nephropathy that contributes to high
mortality rates [10].
Heart Rate Variability
An early marker of diabetic CV autonomic neuropathy is low heart rate variability
(HRV), which has been associated with an increased risk of fatal and non-fatal CAD. Loss of
HRV is one of the earliest manifestations of this process. In the Framingham Heart Study,
HRV was found to be inversely associated with the risk of mortality. Similarly, the
Atherosclerosis Risk In Communities Study found decreased HRV was independently
associated with the risk of developing coronary heart disease [10].
Analysis of beat-to-beat heart rate variability has emerged as one of the noninvasive
methods to quantitatively assess cardiac autonomic activity. It was shown that heart rate
oscillations at low frequencies (0.04–0.15 Hz) are under the influence of both the
sympathetic and parasympathetic nervous systems, whereas heart rate oscillations at high
frequencies (0.15–0.40 Hz) are predominantly under the influence of the parasympathetic
system and serve as a marker of cardiac parasympathetic activity. Individuals with diabetes
had significantly lower HRV indexes than people without diabetes across each stratum of
the outcome categories, except for the ratio and proportion measures of HRV. The absolute
measures of the HRV indexes were statistically significantly lower among people who
developed cardiovascular events and non-CHD death than in people who remained
event-free (Table 4). This relationship was more pronounced and more consistent among
individuals with diabetes than among individuals without diabetes. No consistent
relationships were found for the ratio/proportion measures of HRV [11].
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Table 4

In the Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY)
Study [12] a total of 397 TODAY participants were evaluated 7 years after randomization. An
objective was to determine whether prior type 2 diabetes (T2D) treatment or glycemic
control over time are independently associated with heart rate variability (HRV) and whether
the presence of cardiac autonomic dysfunction is associated with arterial stiffness in young
adults with youth-onset T2D enrolled in the Treatment Options for Type 2 Diabetes in
Adolescents and Youth (TODAY) study. Heartbeats over 10 min were measured to derive the
normal R-Rs (NN intervals). Outcomes included the standard deviation of the NN intervals
(SDNN), the root mean square differences of successive NN intervals (RMSSD), percent of
NN beats that differ by more than 50 ms (PNN50), and the low-frequency (LF) power
domain, high-frequency (HF) power domain, and their ratio (LF:HF). Autonomic dysfunction
was defined as ≥3 of 5 abnormal HRV indices compared with obese controls from a
separate study. TODAY participants had reduced HRV (SDNN; 57.9±29.6 ms vs. controls
67.1±25.4 ms; P<0.0001) with parasympathetic loss (RMSSD; 53.0±36.6 ms vs. controls
67.9±35.2 ms; P<0.0001) with sympathetic overdrive (LF:HF ratio; 1.4±1.7 vs. controls
1.0±1.1; P<0.0001). Cardiac autonomic dysfunction was present in 8% of TODAY
participants, and these participants had greater pulse wave velocity compared with those
without dysfunction (P=0.0001). HRV did not differ by randomized treatment, but higher
hemoglobin A1c (HbA1c) over time was independently associated with lower SDNN and
RMSSD and higher LF:HF ratio after adjustment for age, race-ethnicity, sex, and body mass
index. Higher HbA1c over time (time-weighted HbA1c), loss of glycemic control, and duration
of T2D were each associated with lower SDNN, RMSSD, and PNN50 (all P<0.05) (Table 5).
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Table 5

Heart rate variation in response to physiological and standardized stimuli
(cardiovascular reflex tests):
1. HRV during resting activity (time-domain technique). The subject rests for at least for 5
min in a supine position during which the heart rate is recorded continuously using a
computer to detect the R wave and save the R-R intervals. The computer program calculates
the standard deviation (SD) of the given R-R interval sequence and the coefficient of
variation (CV) around the mean RR interval for that sequence (CV = SD/mean x 100). An
alternative approach is to calculate the square root of successive R-R interval differences
(RMSSD). A theoretical advantage of this approach is that it is independent of the prevailing
heart rate.
2. HRV in response to standardized stimuli (cardiovascular reflex tests). Deep breathing
during the test the subject sits quietly and breathes deeply and evenly at 6 breaths/min (5 s
in and 5 s out). The heart rate is continuously recorded. Maximum minus minimum (E-I) R-R
interval: The difference between maximal and minimal R-R interval during each 10 s
breathing cycle is measured and the mean of the differences during 3 successive breathing
cycles gives the maximum minus minimum (E-I) R-R interval. Expiratory to inspiratory ratio
(E/I): The maximum and minimum R-R interval during each 10s breathing cycle is measured.
The mean of the maximum-minimum ratio during three successive breathing cycles gives
the maximum-minimum (EI) R-R interval ratio. If the subject is able to perform the deep
breathing task for about 2 min and computer based equipment is available, CV and RMSSD
values can also be calculated according to the descriptions above.
3. Standing up. The subject is asked to lie quietly on a couch under resting conditions
and then to stand up unaided as quickly as practicable and remain standing quietly for 1
min. The longest R-R interval around the 30th beat after standing divided by the shortest
R-R interval around the 15th beat is the 30:15 ratio.
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4. Valsalva manoeuvre. The test is performed by asking the subject to sit quietly and
then blow into a mouthpiece attached to an aneroid pressure gauge at a pressure of 40
mmHg and to hold the pressure for 15 s. The ratio of the longest R-R interval shortly after
the manoeuvre (within about 20 beats) to the shortest R-R interval during or immediately
after the strain period (phase II or III) is measured. The result is expressed as the Valsalva
ratio (VR) which is taken as the mean ratio from three successive Valsalva manoeuvres [13].
Commercially available computer programs (eg, NeuroDiag II, Ansar) are usually
employed to assess autonomic nerve function, but conventional ECG equipment can also be
used: (1) coefficient of variation of R-R intervals or spectral power in the HF band at rest; (2)
spectral power in the very-low-frequency band; (3) spectral power in the LF band; (4) HRV
during deep breathing, including mean circular resultant of vector analysis or
expiration/inspiration ratio; 5) maximum/minimum 30:15 ratio (the longest R-R interval
around the 30th beat after standing divided by the shortest R-R interval around the 15th
beat is the 30:15 ratio.); 6) Valsalva ratio; and 7) postural change in systolic BP. The
age-related normal ranges of the 7 indices included in this battery have been determined.
CAN is defined as the presence of 3 abnormalities among these 7 parameters (specificity:
100%). Borderline or incipient CAN is assumed when≥2 abnormal findings are present
(specificity: 98%). If a computer system is not available, the last 4 parameters should be
determined. In this case, definite CAN is diagnosed in the presence of ≥2 abnormal findings.
Among the series of HRV indices, the most sensitive in detecting abnormality in diabetic
patients under resting conditions were the coefficient of variation and spectral power in the
LF band. Among the reflex tests, the mean circular resultant or expiration/inspiration ratio
during deep breathing, maximum/minimum 30:15 ratio to standing up, and Valsalva ratio
showed the highest sensitivity [10].
Resting Heart Rate
Whereas abnormalities in HRV are early findings of CAN, resting tachycardia and a
fixed heart rate are characteristic late findings in diabetic patients with vagal impairment.
Resting heart rates of 90 to 100 bpm and occasional heart rate increments up to 130 bpm
occur. The highest resting heart rates have been found in patients with parasympathetic
damage, occurring earlier in the course of CAN than sympathetic nerve function; in those
with evidence for combined vagal and sympathetic involvement, the rate returns toward
normal but remains elevated. A fixed heart rate that is unresponsive to moderate exercise,
stress, or sleep indicates almost complete cardiac denervation. Thus, heart rate may not
provide a reliable diagnostic criterion of CAN in the absence of other causes unless it is
increased by more than 100 bpm [10].
In a report from the Euro Heart Survey on Diabetes and the Heart Increasing, it is
considered [14], that resting heart rate is associated with risk of CVD in T1DM and T2DM. A
significant association between resting heart rate (RHR) and all-cause and cardiovascular
mortality has been reported in the general population and in patients with various
cardiovascular diseases including hypertension, acute myocardial infarction (AMI), and heart
failure or left ventricular dysfunction. The RHR quartile stratification was associated with
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1-year all-cause mortality (log-rank test P=0.032) in patients with DM (Table 6).
Table 6

Q1 ≤ 62, 62 < Q2 ≤ 70, 70 < Q3 ≤ 78, and Q4 > 78 b.p.m.
Myocardial infarction
A resting ECG may detect silent MI in 4% of individuals with DM, which has been
associated with increased risk of CVD and all-cause mortality in men but not women.
P.Valensia et al. [15] in their literature review summarize, that in most studies, diagnosis of
silent MI was based on the existence of a Q wave on ECG, and in some cases on R-wave
reduction or abnormalities of the ST segment and/or T waves coded according to the
Minnesota classification. The proportion of silent MI among all MI varied from 29 to 70%
depending on the study, and was particularly high in patients with cardiac autonomic
neuropathy.
In prospective cohorts, 20-40% of patients with DM presented silent ST-segment
depression during exercise ECG. The sensitivity and specificity of exercise ECG in diagnosing
significant CAD in asymptomatic DM patients were 47 and 81%, respectively. The
combination of exercise ECG and an imaging technique provides incremental diagnostic and
prognostic value in patients with DM.
Mortality rates after an MI are higher for diabetic compared with nondiabetic
patients. A. Katz et al. [16] in their study showed, that simple bedside test that measured
1-minute HRV during deep breathing was a good predictor of all-cause mortality after a first
MI. Bedside heart rate variability was assessed in 185 consecutive patients (17.8% with
diabetes) 5.1 +/- 2.5 days after a first myocardial infarction. Patients were instructed to take
6 deep respirations in 1 minute while changes in heart rate were measured and calculated
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by an electrocardiographic recorder. An abnormal test result was defined as a difference of
less than 10 beats/min between the shortest and longest heart rate interval.
Heart rate variability <10 beats/min was found in 65 patients (35%) and was
significantly lower (P <0.05) in women, patients >60 years of age, patients with diabetes,
patients with congestive heart failure, and patients taking angiotensin-converting enzyme
inhibitors. Mean follow-up period was 16 months. Ten patients died during follow-up: 9 of
cardiac causes and 1 of stroke. Nine of these 10 patients had heart rate variability <10
beats/min (P =0.004). The sensitivity and specificity of this test for cardiovascular mortality is
90.0% and 68.0%, respectively. The negative predictive value is 99.2% and the relative risk is
16.6. Heart rate variability <10 beats/min remained a significant predictor of death after
adjusting for clinical, demographic, and left ventricular function with an odds ratio of 1.38
(95% confidence interval, 1.13-1.63).
Autonomic function testing is a valuable tool in identifying a subgroup of post-MI
patients who are at high risk for death.
QT Interval
Type 2 diabetes is associated with an increased risk of mortality, not only from
cardiovascular diseases, but also from sudden cardiac death. Sudden cardiac death is
caused by abnormalities in the coronary arteries, myocardium and electrical propagation in
the heart. In electrical propagation, QT interval, the time elapsed between the ventricular
depolarization and repolarization, is a vulnerable period for the occurrence of arrhythmias.
A prolonged QT interval plays a causal role in life-threatening arrhythmias, such as torsades
de pointes type ventricular tachycardia, and increases the risk of sudden cardiac death.
Individuals with diabetes have been reported to have a longer QT interval than those
without. Recent studies have reported that prolonged QT interval is an independent
predictor of all-cause and cardiovascular mortalities in type 2 diabetes. Thus, it is of great
importance to clarify the patient characteristics that influence their QT interval for reducing
mortality in type 2 diabetes. Both macrovascular and microvascular complications are
reported to be independent risk factors for sudden cardiac death in diabetes. Indeed,
previous studies have shown that diabetes patients with macrovascular or microvascular
complications (neuropathy, retinopathy and nephropathy) have longer QT intervals than
those without these complications [17].
In the Sh. Kobayashi et al. [17] study 219 Japan patients with T2DM were tested for
microvascular complications (neuropathy, retinopathy and nephropathy) and their
association with QTc interval [QT corrected for the length of the previous cycle (QTc) was
obtained using Bazett’s formula: QTc = QT/HRR (sec)]. In univariate analyses, female sex (P =
0.025), duration of type 2 diabetes (P = 0.041), body mass index (P = 0.0008), systolic blood
pressure (P = 0.0011) and receiving insulin therapy (P < 0.0001) were positively associated
with QTc. Patients with each of the three microvascular complications had longer QTc than
those without: neuropathy (P = 0.0005), retinopathy (P = 0.0019) and nephropathy (P =
0.0001). As retinopathy or nephropathy progressed, QTc became longer (P < 0.001 and P <
0.001 for trend in retinopathy and nephropathy, respectively). Furthermore, QTc was

cardiolyse.com

prolonged with the multiplicity of microvascular complications (P < 0.001 for trend). Multiple
regression analyses showed that neuropathy, nephropathy and the multiplicity of the
microvascular complications were independently associated with QTc. Exclusion criteria
included atrial fibrillation, major ventricular conduction defects (defined as long QRS
duration >120 ms), uncontrolled endocrine disease, receiving steroid therapy and
ketoacidosis, taking medications that can affect the QT interval (antiarrhythmic agents,
antipsychotic agents, tricyclic antidepressants, tetracyclic antidepressants, a-blockers,
b-blockers, probucol, digoxin, antifungal agents and antibacterial agents). So, patients with
type 2 diabetes with severe microvascular complications might be at high risk for
life-threatening arrhythmia associated with QT interval prolongation.
Vladan M. Ninkovic et al. [18] in their cross-sectional study included 501 patients with
type 2 diabetes. A standard ECG in the supine position was recorded. QTc is the mean of
QTc from five consecutive cycles in lead V5. QTc >440 ms was considered abnormally
prolonged, whereas QTc >500 ms was considered high-risk QT prolongation. RR and QT
intervals were also measured in three consecutive cycles in each of the six thoracic lead.
QTc dispersion (QTd) was calculated as the difference between the maximum and minimum
QTc at any thoracic lead. QTd >80 ms was considered an abnormally prolonged.
Prevalence of prolonged QTc duration and QTc dispersion in patients with type 2
diabetes were 44.1 and 3.6 %. Additionally, 2 % of patients demonstrated prolonged QTc
interval of >500 ms. QTc duration and dispersion were affected by the gender with females
demonstrating significantly higher prevalence of prolonged QTc duration (both >440 and
>500 ms) than men (55 vs 36 %, and 4 vs 1 %, p <0.05) and QTc dispersion (5 vs 3 %, p
<0.05). In multivariate logistic regression analyses and after adjustment for age and gender,
the independent predictors of prolonged QTc interval were mean blood glucose (b = 2.192,
p <0.001), female gender (b = 8.844, p <0.001), coronary artery disease (b = 8.636, p =
0.001), and treatment with sulphonylurea (b = 5.198, p = 0.027). On the other note, only
coronary heart disease was independent predictor a prolonged QTc dispersion (b = 5.354,
p<0.001), adjusted for age and gender. Finally, the independent predictors of increased QTc
duration of >500 ms were coronary heart disease (b = 4.134, p <0.001) and mean blood
glucose level (b = 1.735, p <0.001) (Table 7).
Considering that individuals with prolonged QT interval are at high risk of sudden
cardiac death, we should pay more attention to the QT interval in patients with type 2
diabetes.
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Table 7

Atrial Fibrillation
A recent study reported that DM is an independent risk factor for AF, especially in
young patients. In the adjusted analysis diabetes was associated with a 19% increased risk
of developing AF (IRR 1.19; 95% CI 1.17–1.20) and risk estimates were consistent across sex.
There was an evident age and risk relationship; in the youngest age group (18–39 years) the
risk was more than twice as high (IRR 2.34; 95% CI 1.52–3.60) and the relative risk difference
declined with increasing age [19]. Several factors, such as autonomic, electromechanical,
and structural remodelling, and glycaemic fluctuations, seem to be implicated in AF
pathophysiology in the setting of DM. Atrial premature beats are also common in patients
with DM and may predispose to the development of AF. When DM and AF coexist, there is a
substantially higher risk of all cause death, CV death, stroke, and HF. These findings suggest
that AF identifies subjects with DM who are likely to obtain greater benefits from aggressive
management of CVRFs. Because AF is asymptomatic or mildly symptomatic in a substantial
proportion of patients, screening for AF can be recommended in patients with DM and AF
must be confirmed by 12 lead ECG, Holter recordings, or event recorders demonstrating a
duration of >30s.
DM increases the risk of stroke in paroxysmal or permanent AF. Current Guidelines
recommend that oral anticoagulant therapy, with non-vitamin K antagonist (VKA) oral
anticoagulants (NOACs; dabigatran, apixaban, rivaroxaban, or edoxaban) or VKAs, should be
considered [2]
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Recommendations for Management
People with DM are on average at double the risk of CVD. Keeping close to the
recommended targets for BP, lipid control, glycaemia and HbA1c is important for the
prevention of CVD. Clear reductions have occurred in CVD death rates in DM consistent with
better management of risk factors, although the increasing prevalence of DM continues to
create pressures on all health care systems. The targets, especially the glycaemic and in
some cases lipids, should be less stringently implemented in older people with DM, those
with a longer duration of DM, those with evidence of CVD and the frail (Table 8).
Table 8
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Except for glucose management, prevention of CVD follows the same general
principles as for people without DM. Achieving low BP levels and low LDL-C and total
cholesterol concentrations is particularly important. Many treatment targets are more
stringent for patients with DM. Typically, patients with type 2 DM have multiple CVD risk
factors, each requiring treatment according to existing guidelines.
The ESC and European Association for the Study of Diabetes scientific statements
advocate lifestyle management as a first measure for the prevention and management of
DM. Most patients with DM are obese, so weight control is a central component. Several
dietary patterns can be adopted where the predominance of fruits, vegetables, wholegrain
cereals and low-fat protein sources is more important than the precise proportions of total
energy provided by the major macronutrients. Salt intake should be restricted. Specific
dietary recommendations include limiting saturated and trans fats and alcohol intake,
monitoring carbohydrate consumption and increasing dietary fibre. A Mediterranean-type
diet is acceptable, where fat sources are derived primarily from monounsaturated oils.
A combination of aerobic and resistance exercise training is effective in the
prevention of the progression of DM and for the control of glycaemia. Smoking increases
the risk of DM, CVD and premature death and should be strongly discouraged. Lifestyle
intervention can also prevent DM development in those at elevated risk and, in turn, lowers
future microvascular and macrovascular risks (Table 9).
Table 9
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Conclusions
Cardiovascular diseases (CVD) remain the leading cause of morbidity and mortality in
patients with diabetes mellitus and are largely preventable. A key step towards prevention is
accurate stratification of risk, allowing appropriate targeting of maximally effective
intervention strategies [20].
The risk of cardiovascular events in individuals with diabetes can be stratificated with
the SCORE system, the American College of Cardiology/ American Heart Association ASCVD
risk calculator (Risk Estimator Plus), the UKPDS Risk Engine and other systems.
Furthermore, electrocardiography findings can be associated with an increased risk
of CVD and mortality in patients with diabetes mellitus. A resting ECG may detect silent MI
in 4% of individuals with DM, which has been associated with increased risk of CVD and
all-cause mortality in men but not women. Additionally, prolonged corrected QT interval is
associated with increased CV mortality in T1DM, whereas increasing resting heart rate is
associated with risk of CVD in T1DM and T2DM. Low heart rate variability (a marker of
diabetic CV autonomic neuropathy) has been associated with an increased risk of fatal and
non-fatal CAD. In prospective cohorts, 40% of patients with DM presented silent ST-segment
depression during exercise ECG [3]. Also DM is an independent risk factor for AF, especially
in young patients, and increases the risk of stroke in paroxysmal or permanent AF.
So, screening people with diabetes mellitus for CV risk is an important strategy for
reducing mortality and CVD events. And keeping close to the recommended targets for BP,
lipid control, glycaemia and HbA1c is important for the prevention of CVD.
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