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U P D AT E
Diabetes and Cardiovascular Diseases (III)

Prognosis of Diabetic Patients with Coronary Heart Disease
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The prevalence of diabetes in Spain is about 6% and
increases with age and obesity. Diabetes is present in approximately 25% of patients with coronary heart disease
(CHD). Pre-diabetic and diabetic patients have a higher
incidence of CHD and poorer prognosis, with high shortand long-term mortality. The protective effect of pre-menopause status is suppressed by diabetes. Diabetes has
a synergic effect with other cardiovascular risk factors.
Primary prevention in diabetic patients should be approached as in non-diabetic post-infarction patients. In diabetes, a healthy life-style and strict control of blood sugar
and the other cardiovascular risk factors, particularly hypertension, is mandatory.
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INTRODUCTION
The Framingham study demonstrated that the presence of diabetes mellitus (DM) considerably increased cardiovascular risk, particularly in women.1 Since
then, progress has continued until reaching the present
concept, which considers that patients with type 2 DM
have a risk of cardiovascular disease similar to that of
patients with ischemic heart disease, peripheral arteriopathy, or cerebrovascular accident. Therefore, these
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La prevalencia de la diabetes mellitus (DM) en la población española es cercana al 6%, y aumenta con la edad y
la obesidad. Alrededor del 25% de los pacientes afectados de enfermedad coronaria tienen DM. Tanto los estados prediabéticos como la DM se asocian a una enfermedad arteriosclerótica temprana, extensa y especialmente
agresiva. La DM elimina el efecto protector del ciclo hormonal menstrual y presenta un efecto sinérgico con el
resto de los factores de riesgo cardiovascular. Los objetivos de la prevención primaria en los pacientes diabéticos
serán los mismos que en aquellos no diabéticos que ya
han sufrido un infarto de miocardio. Es especialmente importante aconsejar sobre hábitos de vida saludable, realizar un control estricto de la glucemia y de los factores de
riesgo asociados, en particular de la hipertensión.

disease.
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patients must be handled according to the guidelines
of secondary prevention, even in the absence of symptomatic ischemic heart disease. Likewise, prediabetic
states, like glucose intolerance, which are characterized by resistance to the action of insulin, increase the
risk of arteriosclerotic disease.2
On the other hand, DM is an important prognostic
factor that is associated with more extensive coronary
artery disease (CAD), a more aggressive course and
greater morbidity and mortality than in coronary patients without DM.3 DM accelerates the process of atherogenesis through several mechanisms, such as anomalies in the lipoprotein concentration and
composition, its association with hypertension, insulin
resistance, and hyperinsulinemia, protein glycosylation in plasma and the arterial wall, lipid oxidation, a
procoagulation and proinflammatory state, and disturbed endothelial function (Table 1).4
DM, prediabetic states, and their cardiovascular
complications are one of the main epidemics of indusRev Esp Cardiol 2002;55(7):751-62
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ABBREVIATIONS
ARA II: angiotensin II receptor antagonists.
CAD: coronary artery disease.
DM: diabetes mellitus.
AHT: arterial hypertension.
AMI: acute myocardial infarction.
ACEI: angiotensin-converting enzyme inhibitors.

trialized countries, with an enormous impact on healthcare. It is calculated that the direct and indirect healthcare expenses of DM are responsible for more than
15% of the national healthcare budget of the U.S.5
EPIDEMIOLOGY OF CORONARY ARTERY
DISEASE IN DIABETES MELLITUS
The prevalence of DM in the Spanish general population is approximately 6%, a figure that increases
with the aging of the population and the presence of
other cardiovascular risk factors, particularly obesity
and a sedentary lifestyle.6 In the 35 to 74 year old population, the prevalence of DM is about 12% in
Spain.7 In selective surveys of the population of advanced age, obese with a family history of blood sugar
abnormality, prevalences in the general population of
up to 23% are observed.8 It is calculated that in Spain
there are about 1.5 million diagnosed diabetics and, in
addition, around half a million persons with undiagnosed type 2 DM. The annual incidence of DM in the
Spanish population is about 0.8% per year for all ages.
Assuming a constant incidence and mortality, it is easy
to deduce that if nothing changes, the number of diabetic patients in Spain will double before 2010.6
In the Spanish population the prevalence of glucose
intolerance, a metabolic disorder intermediate between
normality and DM, is almost 27%, and up to 30% of
these persons will develop DM.7
Although DM is a powerful and independent predicTABLE 1. Etiopathogenic factors of arteriosclerotic
disease in diabetes
Diabetic dyslipidemia
Procoagulation state
Insulin resistance and hyperinsulinemia
Advanced protein glycation in plasma and the arterial wall
Gluco-oxidation and oxidation
Proinflammatory state
Proliferation of smooth muscular cells
Hyperhomocysteinemia
Adapted from Sánchez-Recalde and Kaski.4
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TABLE 2. Prevalence of cardiovascular risk factors
in patients with myocardial infarction and unstable
angina in different studies including populations of
Spanish origin
Diabetes Dyslipidemia Arterial
Smoking
hypertension

General population
PANES, 45-74 years11
MANRESA, men
of working age12
Myocardial infarction
EUROASPIRE13
IBERICA14
PREVESE15
PRIAMHO16
REGICOR17
PRINVAC12
3C19
Unstable angina
RESCUE20
PEPA21

14.3%

24.2%

31.1%

34.6%

0.3%

33.7%

46.8%

58.8%

23.2%
17.6%
25.2%
24.2%
27.1%
24.9%
31.0%

65.0%
38.6%
36.3%
28.6%
40.0%
36.3%
74.3%

50.0%
46.1%
44.2%
37.6%
45.0%
46.8%
56.0%

50.3%
43.4%
46.1%
42.4%
48.9%
58.8%
40.6%

25%
30%

ND
33%

55%
60%

28%
11%

tor of CAD, the high prevalence of unrecognized DM
(23%) or undetected glucose intolerance (27%) in the
Spanish population is noteworthy.9,10
DM is present in 20% to 30% of subjects with an
acute coronary event (Table 2).11-21 It has been estimated that the prevalence of DM in patients with CAD is
between 40% and 50% in the U.S. using the oral glucose tolerance test to diagnose DM and echocardiography to diagnose CAD.22
Arteriosclerotic diseases cause 80% of all deaths
and 75% of all hospital admissions in patients with
DM (Figure 1). DM is the commonest cause of CAD
in young people. Likewise, more than 50% of patients
recently diagnosed as type 2 DM have CAD at the
time that DM is diagnosed.23 The relative risk of acute
myocardial infarction (AMI) is 50% and 150% greater in men and women with DM, respectively.
Patients with type 2 DM who have still not developed
CAD have the same risk of developing it and a similar mortality as non-diabetic individuals who already
suffer CAD. In addition, sudden death due to CAD is
150% and 300% more frequent in men and women
with DM, respectively, than in the non-diabetic population. On the other hand, diabetics present AMI and
silent ischemia more frequently, a greater morbidity
and mortality after AMI, slower reperfusion speeds
after thrombolytic treatment, a larger number of vessels involved, more diffuse distribution and more severe narrowing of the left coronary artery, and a higher rate of restenosis after coronary angioplasty. In
spite of this evidence, it is noteworthy that less than
one-third of diabetic patients are aware of their greater cardiovascular risk.24
These figures highlight the importance to knowing
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Fig. 1. Chronic complications of diabetes mellitus (adapted from
Laakso23).

the behavior and natural history of DM and its relation
with arteriosclerotic disease, as well as the need to inform diabetic patients of their greater cardiovascular
risk so that energetic preventive measures can be
adopted as soon as possible.
NATURAL HISTORY OF CORONARY ARTERY
DISEASE IN THE PROGNOSIS OF DIABETES
MELLITUS AND ITS IMPLICATIONS
Coronary artery disease and type 2 diabetes
mellitus
Type 2 diabetics represent 90% of the diabetic population and CAD is the main cause of death in these patients. It has been demonstrated consistently that the
relative risk of CAD in type 2 DM compared with the
general population increases 2- to 4-fold. This increased risk is greater in women, since they lose their protection against CAD associated with the menstrual
hormonal cycle.25
Although the degree and duration of hyperglycemia
are the main risk factors for microvascular complications, in type 2 DM there is no clear association between the extension and severity of macrovascular complications and the duration or severity of DM. Some
studies indicate that glycosylated hemoglobin can be
an independent risk factor for CAD, particularly in women. In type 2 DM it has not been determined if a glycemia threshold exists for atherogenesis. However, expert committees recognize as endpoints preprandial
blood glucose concentrations of less than 126 mg/dL
and HbA1c of less than 7%.26 In fact, greater risk of
CAD is found both in persons who present only abnormal glucose tolerance, with normal or minimally raised
blood glucose, and in patients with type 2 DM.27 This
83

fact suggests that CAD can originate in a prediabetic
stage. Insulin resistance and its association with other
atherogenic factors may be the most important nexus
between glucose intolerance, type 2 DM, and CAD. In
persons who are genetically predisposed, insulin resistance is the earliest detectable defect and can take place
15-25 years before the clinical onset of DM. The family members of patients with type 2 DM present insulin resistance more frequently and a higher prevalence
of metabolic syndrome than the rest of the population.
Some authors recommend the determination of sensitivity to insulin using a simple method like the HOMA
(homeostasis model assessment), a mathematical model that uses glucose and insulin levels in blood as variables in the detection of family members of diabetic
patients at high risk of developing metabolic syndrome
and, therefore, at a greater risk of CAD.28 In this sense,
it is especially important to know the genetic markers
associated with insulin resistance in order to be able to
promptly detect persons at high risk for the development of CAD.29
Diabetic nephropathy affects approximately 40% of
patients with type 2 DM and has become the main
cause of terminal nephropathy. Recent prospective studies demonstrate that microalbuminuria is an independent predictive factor of cardiovascular mortality in
patients with type 2 DM. Proteinuria increases by 2- to
4-fold the risk of mortal CAD in these patients.30 The
mechanisms that link microalbuminuria with cardiovascular mortality seem to be related with the potentiation of atherogenic mechanisms present in DM.
Therefore, in the diabetic population it is important to
avoid or delay kidney damage and the appearance of
microalbuminuria, which must be considered a marker
of subclinical atherosclerosis. Control of blood glucose decreases albuminuria and delays the development
of diabetic nephropathy.31
Coronary artery disease and type 1 diabetes
mellitus
The long-term follow-up of patients with Type 1
DM at the Joslin Center Diabetes demonstrated an excess of cardiovascular mortality in comparison with
the general population. Until 30 years later, no excess
coronary risk was detected in patients with type 1 DM.
The first cases of CAD appeared at the end of the third
decade or beginning of the fourth, independently of
the age of onset of DM. The risk of CAD increased
quickly after the age of 40 years. By age 55 years,
35% of subjects with type 1 DM had died of CAD.32
As in type 2 DM, the protection against CAD observed in menstruating non-diabetic women is lost in women with type 1 DM.33
The appearance of nephropathy in patients with type
1 DM also is associated to a considerable increase in
the incidence of CAD; diabetic patients with persistent
Rev Esp Cardiol 2002;55(7):751-62
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proteinuria present a risk 8 to 15 times greater of CAD
and a mortality due CAD 37 times higher than in the
general population, whereas in patients without proteinuria cardiovascular mortality was only 4.2 times higher.34 Therefore, microalbuminuria in type 1 DM is not
only a marker of renal involvement, but also a powerful marker of risk of CAD and mortality due to CAD.
Diabetic nephropathy appears in 30% to 40% of the
patients with type 1 DM. The risk of developing diabetic nephropathy is determined only partially by the
control of blood glucose, since genetic predisposition
has a strong influence. CAD is two times more frequent as a cause of death among the parents of diabetic patients with nephropathy than among parents of
diabetic patients without nephropathy. Among diabetics with nephropathy, those that present a coronary
event have a 6-fold greater possibility of having a family history of CAD than those without any such episode. A history of CAD in one or both parents of a patient with type 1 DM increases the risk of nephropathy
in offspring by 10-fold and 3-fold, respectively.
Therefore, there is a subgroup of patients with type 1
DM that has a special genetic predisposition to the development of kidney disease, AHT, and CAD.35
PROGNOSIS AND TREATMENT OF ACUTE
CORONARY SYNDROME IN DIABETIC
PATIENTS
Greater proportion of silent ischemia
The Framingham study demonstrated that diabetic
patients present a higher proportion of silent and, therefore, undiagnosed AMI.1 On the other hand, a large
proportion of patients with DM presented atypical
symptoms like confusion, dyspnea, fatigue, syncope,
nausea, and vomiting as manifestations of AMI.36 In
addition, anginal pain is less intense in diabetic than in
non-diabetic patients. On the other hand, in the diabetic patient precordial pain is more delayed with respect
to the onset of ST-segment depression during the exercise stress test than in non-diabetics. All these disturbances can be secondary to functional autonomic nervous system disorders.37 These facts can reduce the
suspicion of AMI and delay its correct diagnosis and
treatment, worsening the prognosis. Therefore, the
presence of atypical symptoms in diabetic patients
should serve as an alert to the possibility of an acute
coronary syndrome.
Less favorable prognosis of acute coronary
syndrome
The overall intrahospital mortality of diabetic patients with AMI is 1.5 to 2 times greater than in nondiabetic patients. The prognosis is especially poor in
women, who have an almost two-fold greater increase
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in mortality than male diabetics. This risk is maintained in young patients. The factors that determine a
worse prognosis are detailed in Table 3. Thirty percent
of patients with DM who suffer an AMI die before
arriving at the hospital. Diabetic patients present a 30day mortality due to AMI of 11.3% versus 5.9% in
non-diabetic patients. The one-year mortality from the
first AMI in diabetic patients is close to 50%38 and the
diagnosis of DM is an independent predictor of greater
long-term mortality for up to 12 years in patients with
a first AMI39 (Figure 2).
The DIGAMI study demonstrated that the excess intrahospital mortality among diabetics with AMI is related to the greater prevalence of congestive heart failure and cardiogenic shock in this group of patients.40
Men with DM had a relative risk of developing heart
failure 2.4 times greater in diabetics, this risk rising to
5.1 in the case of women, regardless of age, body
weight, and other cardiovascular risk factors.41
Nevertheless, no proof exists that diabetic patients present more extensive AMI than non-diabetic patients.
Likewise, congestive heart failure is more prevalent in
diabetics in spite of a similar left ventricular ejection
fraction in both types of patients, although a worse
ventricular function in non-infarcted areas is observed
in diabetics.42 The factor involved in the more frequent
than expected presentation of heart failure is the presence of subclinical disease of the cardiac muscle of
diabetics, in which abnormalities of coronary microcirculation and functional endothelial disturbances
seem to have a determinant role.43 Left ventricular
diastolic dysfunction in the absence of another cause is
considered the early phase of this cardiac disorder. It is
important to emphasize that the presence of microalbuminuria is associated with diastolic dysfunction of
the left ventricle.44
The fact that only one-third of diabetics develop this
disease of the cardiac muscle and the absence of a clear relation with the degree of metabolic control suggests that there may be a genetic predisposition that

TABLE 3. Determinant factors and characteristics
of the prognosis of coronary artery disease in the
diabetic patient
Eliminates the protective effect of the menstrual hormonal
cycle in women
Early involvement
Fast progression of coronary atherosclerosis
More extensive and diffuse involvement
Larger proportion of silent ischemia
Worse short and long-term prognosis of coronary syndrome
Greater proportion of heart failure
Greater proportion of sudden death
Worse results of fibrinolytic treatment
Worse results of revascularization techniques
Adapted from Scheid-Nave et al.36
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Fig. 2. Prognosis of acute myocardial infarction in diabetic patients
(adapted from Miettinen et al38 and Room et al39). AMI indicates acute
myocardial infarction; CAD, coronary artery disease.

favors the development of diabetic cardiac muscle disease and heart failure. It is especially important to
identify diabetic patients with disease of the cardiac
muscle soon, due to the especially poor prognosis that
acute coronary syndrome has in these patients. In this
sense, the quantifiable increase in myocardial echodensity should be emphasized, which could correspond to increased collagen deposits and in the future
could be used as an early marker of diabetic disease of
the heart muscle.45
Plasma glucose concentrations at the time of admission for acute coronary syndrome are an important
prognostic factor, even in non-diabetics patients.46,47 In
the REGICOR study, the patients with a blood glucose
level of more than 6.67 mmol/L (120 mg/dL) at the
time of admission for AMI had a mortality in the first
28 days that was 4 times greater than that of the patients
with lower levels, regardless of other cardiovascular
risk factors and the history per se of diabetes.48 The DIGAMI study40 demonstrated that an optimal glucose
control (<180 mg/dL) during the acute phase of AMI
allowed a significant reduction of 30% in the mortality
at one year and of 11% in the mortality at 3-4 years.
Diabetic patients that survive the immediate complications of acute coronary syndrome suffer recurrent
AMI, both mortal and non-mortal, more frequently
than non-diabetics. In addition, the 28-day mortality of
non-Q wave AMI was 14% and 9%, and 22% and 8%
in diabetic and non-diabetic men and women, respectively.49
Likewise, diabetic patients hospitalized for unstable
angina have a one-year mortality greater than that of
non-diabetics, with figures of 25% and 10%, respectively.50
In our setting, the main independent predictors of
mortality at 90 days of patients with unstable angina
85

included in the RESCATE and PEPA studies were
DM, the presence of heart failure at the time of admission, and deviation of the ST segment.20,21

Initially, the ISIS-II study (Study of Infarct SurvivalII) demonstrated that diabetic patients treated with
streptokinase had a 31% better survival from AMI
than patients treated with placebo versus 23% observed in the non-diabetic population.51 However, some
findings indicate that fibrinolytics are administered
less frequently to diabetic than non-diabetic patients
with AMI.52
On the other hand, in the TAMI study the intrahospital and 6-weeks mortality was greater in diabetic patients undergoing fibrinolysis than in non-diabetics.52
In the GISSI-2 study, satisfactory reperfusion was
achieved less frequently in diabetic than in non-diabetic patients. The intrahospital mortality in patients treated with rt-PA was 7.4% in patients without DM,
15.4% in patients with type 1 DM, and 12.4% in type
2 DM. In patients treated with streptokinase, the respective mortality rates were 7.2%, 17.4%, and 10.9%.
No significant differences in mortality were observed
in relation to the type of fibrinolytic used.42
Anomalies of the fibrinolytic system, such as high
PAI-1 concentrations, together with more extensive
coronary artery disease in diabetic patients and states
of insulin resistance can explain the lower rates of reperfusion.53
Diabetic patients with AMI must be considered high
risk. Early fibrinolytic treatment should be performed
and a more aggressive therapeutic approach should be
considered, with early revascularization in patients
who have a suitable anatomy.
Less favorable results of coronary
revascularization procedures
Aortocoronary bypass surgery and angioplasty are
both effective techniques for coronary revascularization in diabetic patients. Coronary surgery does not
have a greater postoperative mortality in diabetic patients, but the long-term results are worse, fundamentally due to the persistence of risk factors, particularly
dyslipemia.54
The immediate results of angioplasty in diabetic patients are similar to those obtained in non-diabetics,
although at 6 months the percentage of restenosis is
higher.55 Restenosis in diabetics is due to exaggerated
intimal hyperplasia.56 Various studies, like STRESS I
and II, have demonstrated that the use of stents in diabetic patient reduces the rate of restenosis.57 It should
be noted that the inhibitors of IIb/IIIa glycoprotein
platelet receptors have improved the results of coroRev Esp Cardiol 2002;55(7):751-62
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RECOMMENDATIONS TO IMPROVE THE
PROGNOSIS OF CORONARY ARTERY
DISEASE IN DIABETIC PATIENTS
Control of factors associated with
cardiovascular risk in diabetic patients
Because the risk of cardiovascular death and CAD
is significantly increased in DM, the impact of changes in conventional cardiovascular risk factors can
have much greater effects on diabetic patients.
Cardiovascular risk factors must be dealt with
promptly and aggressively in diabetic patients. It has
been calculated that for each level of abnormality of
each risk factor, diabetics have a risk of CAD 2 to 4
times greater. This increased risk is more pronounced
in women62 (Figure 3).
On the other hand, it noteworthy that a low percentage of diabetics with CAD in Spain reach recommended target blood pressure and plasma lipid values
(Table 4). The CARDIOTENS study demonstrated
that less than 30% of diabetics with CAD had an adequately controlled blood pressure (less than 130/85
mm Hg) and only 12% of the patients with DM and
CAD had a cholesterol and low-density lipoprotein
(LDL) level of less than 100 mg/dL.63

Arterial hypertension
Arterial hypertension (AHT) occurs 2-3 times more
often in diabetics than in the general population, especially in men under the age of 50 years, black race,
and lower socioeconomic level. This association between DM and AHT is due possibly to the situation of
insulin resistance and hyperinsulinism in persons with
diabetes and states of glucose intolerance. AHT seems
to be present in more than 85% of diabetic patients
with cardiovascular events.64
The HOT study (Hypertension Optimal Treatment)
demonstrated a large reduction in cardiovascular
events in the group with lower diastolic blood pressure, below 80 mm Hg. The number of events was approximately half that found in the group with blood
pressures over 90 mm Hg.65
The Micro-HOPE and UKPDS studies have demonstrated that an optimal control of blood pressure in
diabetic patients decreases the risk of CAD and increases survival in this group of patients. The goal of antihipertensive treatment must be to obtain blood pressure levels <130/80 mm Hg and, if proteinuria >1 g/24
h exists, the target figures must be lower than 125/75
mm Hg. The drugs of choice are ACEI, although ARA
II, beta-blockers (considering their glucose-lowering
effect), diuretics or calcium antagonists can also be
used and, often, a combination of several antihypertensive drugs.66,67
Dyslipidemia
Dyslipidemia is one of the main factors implicated
in the increased cardiovascular risk associated with
DM. In contrast with what occurs in type 1 DM, the lipid disorders present in type 2 DM, although they improve, do not disappear with the optimization of glucose control.68 Around 40% to 50% of diabetic patient
present C-LDL values over 130 mg/dL.69

Mortality/1000

nary angioplasty with and without stenting in diabetic
patients.58 Independently of the greater incidence of
restenosis, it is important to consider that coronary involvement in diabetic patients is usually more extensive and diffuse and, therefore, the possibility of achieving complete revascularization with angioplasty is
lower.59 It is necessary to consider that the mortality in
the first 2 years in diabetic patients undergoing angioplasty is four times greater than in non-diabetics; in
addition, they present a higher percentage of coronary
events in the long term and require 35% more revascularization procedures than non-diabetics.60
The
BARI
study
(Bypass
Angioplasty
Revascularization Trial), in which the effect of angioplasty was compared to aortocoronary bypass surgery,
demonstrated that the 5-year mortality for both techniques was higher in diabetic versus non-diabetic patients, and greater in the group of patients that underwent angioplasty.61 Nevertheless, there were fewer
initial complications (mortality or AMI) with angioplasty than with surgery. Therefore, it seems reasonable to indicate angioplasty in patients with DM, especially type 2 DM, with one or two-vessel disease, who
do not present some of the factors favoring restenosis,
such as arteries less than 3 mm in diameter, long lesions, lesions for which residual restenosis is expected, or those considered to have an unacceptable risk
of surgical complications.60
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Fig. 3. Synergic effect of diabetes mellitus associated to other cardiovascular factors (adapted from Assmann and Schulte62).
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TABLE 4. Therapeutic objectives for each
cardiovascular risk factor in patients with diabetes
mellitus
Factor

Smoking
Regular physical exercise
Body mass index
HbA1c
LDL
C-HDL
Female
Male
Triglycerides
Blood pressure

Acetylsalicylic acid

Beta-blockers
ACEI or ARA II

Objective

Complete withdrawal
Whenever no contraindications exist
<27 kg/m2
<7% (if feasible <6%)
<100 mg/dL (2.6 mmol/L)
>45 mg/dL (1.15 mmol/L)
>35 mg/dL (0.9 mmol/L)
<150 mg/dL (1.7 mol/L)
<130/85 mm Hg if proteinuria <1 g/24 h
<125/75 mm Hg if proteinuria >1 g/24 h
Age >60 years <140/90 mm Hg
Isolated systolic arterial hypertension
If SBP>180: target SBP<160 mm Hg
If SBP>160 and <179: target SBP
<140 mm Hg
80-325 mg/day if other risk factors
or microalbuminuria present
and contraindications absent
Always in secondary prevention
if no contraindications present
If arterial hypertension
or microalbuminuria is present,
or after acute coronary syndrome

ACEI indicates angiotensin-converting enzyme inhibitors; ARA II, angiotensin
II receptor antagonists (adapted from González-Juanatey et al63).

The benefit of statin treatment in diabetics with AMI
included in the 4S, CARE, and LIPID studies was significantly greater than that observed in non-diabetics.
These studies indicate that the reduction of cholesterol
reduces by more than 70% the risk of death and recurrences of coronary events in diabetic patients.70
In patients with DM, the cardiovascular risk is equivalent to that of the patients who have already presented a CAD episode. According to the criteria of the
American Diabetes Association and the third report of
the National Cholesterol Education Program, the objectives in diabetic patients suggest that the target CLDL should be 100 mg/dL or less.71,72 It is advisable
to maintain triglyceride concentrations below 150
mg/dL, especially in patients with CAD or several
risk factors.73
Health and dietary measures and the optimization of
glucose control are the basis of treatment of diabetic
dyslipidemia, but pharmacological intervention with
statins, fibrates or both often will be necessary.74

effect, which accelerates the arteriosclerotic process,
especially in women, as well as a synergic effect with
DM. The MRFIT Study demonstrated that, with the
increase in smoking, the risk of cardiovascular death
among diabetic patients was 3-4 times greater than
among non-diabetics.75 It is thus fundamental to emphatically advise diabetic patients to stop smoking.
Healthy lifestyles (physical exercise, weight
control, and diet)
Numerous studies indicate that obesity and insulin
resistance are the main risk factors for type 2 DM. On
the average, type 2 diabetics are more obese and have
a more central or android obesity than non-diabetic
subjects.76 A recent study has shown that obese children and adolescents present a high prevalence of glucose intolerance and insulin resistance.77 For that reason, it is especially important to avoid obesity
beginning at an early age and to educate diabetics to
exercise regularly and practice healthy habits.
Regular physical activity improves sensitivity to insulin,78 reduces plasma glucose concentrations,79 decreases body fat,80 improves the lipid profile,81 and decreases the probability of developing DM.82
All diabetic patients should be aware of the need to
adopt healthy lifestyle, and diabetics with CAD should
be preferred candidates for inclusion in cardiac rehabilitation programs.
Control of blood glucose and insulin
resistance
There seems to be a direct relation between blood
glucose values and cardiovascular risk. In the UKPDS
study, the improvement in blood glucose control (reductions of 0.9 points of HbA1c) was associated with a
10% decrease in overall mortality and a 16% reduction
in AMI.83 Epidemiological studies consistently suggest
that the prevention of macrovascular disease in diabetic patients requires maintaining HbA1c<6% for as
much time as possible.84
Independently of the diabetic state, there is a clear
relation between risk of CAD and plasma glucose values 2 h after an oral glucose tolerance test and baseline glycemia.85 The threshold at which cardiovascular
risk increases is as low as 5.5 mmol/L fasting and 6.5
mmol/L at 2 h in an oral glucose tolerance test.86
In all diabetic patients, the best metabolic control
should be maintained to prevent late complications,
without forgetting that the initial measures must always include changes in living habits.74

Smoking

Platelet antiaggregant treatment

Tobacco has a procoagulation effect, which favors
the appearance of acute events, and a proinflammatory

The results of a meta-analysis of 145 prospective
studies allow aspirin treatment (80-325 mg/day) to be
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recommended in all patients with DM and cardiovascular disease and in primary prevention in diabetics
with another cardiovascular risk factor.87
Treatment with angiotensin-converting
enzyme inhibitors and/or angiotensin II
receptor antagonists
Various studies have demonstrated that angiotensinconverting enzyme inhibitors (ACEI) and, more recently, some angiotensin II receptor antagonists (ARA
II), are useful in the control of blood pressure in both
diabetic and non-diabetic patients. On the other hand,
these drugs have a protective effect on the kidney in
patients with microalbuminuria, improve sensitivity to
insulin, decrease the incidence of heart failure in acute
coronary syndrome, and reduce cardiovascular mortality in diabetic patients.88-91 The GISSI-3 study demonstrated that the use of ACEI in AMI reduced the 6month mortality only in diabetic patients (12.9% in the
patients with treated DM versus 16.1% in patients randomized to placebo).92 The results of the HOPE study
have contributed new evidence for the use of ACEI by
diabetic patients with CAD.66
The results of the CARDIOTENS study demonstrate
that hardly 50% of diabetic patients with ischemic heart disease received an ACEI and only 14% of diabetics treated with ACEI also received a concomitant
beta-blocker.63
Treatment with beta-blockers
Sufficient information exists to affirm that the use of
beta-blockers in the post-infarction period is also beneficial to diabetic patients, possibly more than to
non-diabetics. The use of beta-blockers reduces coro-

TABLE 5. Indications for cardiological study
in diabetic patients
1. In the presence of symptoms that suggest ischemic heart disease
2. Electrocardiogram at rest with signs indicative of myocardial
infarction or ischemia
3. Peripheral arteriopathy
4. Carotid disease
5. Abdominal aneurysm of arteriosclerotic origin
6. Sedentary patients or patients over 35 years who wish to begin
vigorous exercise
7. Presence of two or more risk factors:
Total cholesterol >240 mg/dL; LDL>160 mg/dL
or C-HDL<35 mg/dL
Blood pressure >140/90 mm Hg
Smoking
Family history of premature death due to coronary artery disease
Microalbuminuria (some authors always recommend
cardiological study)
Adapted from American Diabetes Association.97
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nary mortality by 37% in the diabetic patient, whereas
in the overall group of patients with CAD, it produces
a reduction of 13%, a benefit that is maintained for
reinfarction.93
It is especially remarkable that the CARDIOTENS
study disclosed that only 26% of diabetic patients with
CAD received beta-blockers and only 39% of these
were treated simultaneously with a statin.63
EARLY DETECTION OF ARTERIOSCLEROTIC
DISEASE IN DIABETIC PATIENTS. FUTURE
PERSPECTIVES IN THE FIELD OF
PREVENTION
The detection of asymptomatic CAD in diabetic patients will allow the application of prevention programs, early antianginal treatment, and treatment with
early revascularization techniques in high-risk patients.94 The consideration of DM itself as a CAD
equivalent, although there has been no history of coronary events, must translate into stricter control of these
patients and their cardiovascular risk factors, considering secondary prevention criteria.2
Age, blood glucose concentrations, presence of hypertension,95 smoking habit, and microalbuminuria are
considered major predictors of macrovascular disease
in diabetic patients.96 These findings make it necessary
to review the present indications for cardiological
study in patients with DM (Table 5).97 Age, triglyceride and apoprotein A-I concentrations, the duration
of DM and blood glucose control are considered determinants of the extension and severity of CAD in diabetic patients.98 High blood concentrations of reactive
protein C and interleukin6 also seem to behave like
markers of risk for the development of DM.99
On the other hand, methods for the early diagnosis
of early arteriosclerotic disease in diabetic patients are
being developed, such as echo-Doppler of the brachial
artery100 or the detection of calcifications in the coronary arteries by electron-beam computed tomography,101 which will help to improve the prognosis of
vascular disease associated with DM.
We must not forget that effort myocardial perfusion
studies by single-photon emission computed tomography (SPECT) radionuclide scan allow the prognosis to be stratified in both diabetic and non-diabetic
patients, but that the grading of hypoperfusion is associated to greater severity in diabetics.102
In recent years the study of certain genetic polymorphisms, such as polymorphism in position –308
of TNF as risk markers for the development of insulin
resistance and, therefore, the development of DM and
cardiovascular complications, is acquiring increasing
importance.103 More recently, the function of peroxisome proliferator-activated receptors (PPAR) has
been studied. These receptors are members of a superfamily of nucleic receptor of transcription factors ac88
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tivated by ligands. In particular, PPARγ (which exists
as a heterodimer associated to the retinoid X nuclear
receptor, or RXR, bound to the promoter region of several target genes) seems to be related to the inhibition of transcription of the target genes or, in the presence of certain heterodimer activator proteins
(ligands), to its activation.104 The activity of the
PPARγ- RXR heterodimer has been related to an increase in insulin resistance and its deactivation by ligands with improvement in the action of insulin.
PPARγ agonists, such as the new oral antidiabetics of
the glitazone class, have been shown to increase peripheral sensitivity to insulin and to improve the state
of insulin resistance in type II diabetic patients.105 In
addition to controlling blood glucose, diabetic patients treated with glitazones showed improvement in
all the components of the metabolic syndrome,105 and
a study has even shown a certain regression of atherosclerosis.106 This knowledge will undoubtedly lead
to a better management of insulin resistance and prediabetic and diabetic states by means of the development of new drugs that improve sensitivity to the action of insulin.107 Some genetic variants of PPARα,
another receptor of the superfamily described previously, have been related to states of insulin resistance or enhanced sensitivity to environmental factors
related to the appearance of DM.108
On the other hand, another remarkable finding is the
result of a substudy of WOSCOPS that demonstrates
that pravastatin reduces by 30% the possibility of developing DM, which can probably be explained by the
capacity of pravastatin to reduce the concentrations of
proinflammatory cytokines and improve endothelial
function.109
Studies like the ACCORD trial presently under way
will surely provide information on the benefits of intensive treatment, both in controlling diabetes and the
hypertension and dyslipidemia found in patients with
DM.110
CONCLUSIONS
DM, a simultaneously endocrine and metabolic disease, is an especially aggressive process leading to vascular lesions. Therefore, its treatment must include all
the measures that contribute to reducing its high morbidity and mortality. In addition to hyperglycemia and insulin resistance, in these patients detecting and intensively treating the main cardiovascular risk factors,
particularly hypertension, must be considered highpriority. It is necessary to modify the attitudes of diabetic patients to favor the acquisition of healthy living habits. The goals of prevention must be maximal and
equivalent to the secondary prevention measures applied in non-diabetic persons who already have CAD.
In order to reduce the high morbidity and mortality
due to cardiovascular disease in diabetic patients, an
89

aggressive multidisciplinary approach and effort are
needed. In the near future there will be enough genetic information for orienting and guiding therapy optimally.

REFERENCES

1. Kannel W, McGee D. Diabetes and glucose tolerance as risk
factors for cardiovascular disease: The Framingham Heart
Study. Diabetes Care 1979;2:120-6.
2. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of the Third
Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA
2001;285:2486-97.
3. Gu K, Cowie CC, Harris MI. Diabetes and decline in heart disease mortality in US adults. JAMA 1999;281:1291-7.
4. Sánchez-Recalde A, Kaski JC. Diabetes mellitus, inflamación y
aterosclerosis coronaria. Rev Esp Cardiol 2001;54:751-63.
5. Califf RM. La diabetes y el cardiólogo: un llamamiento a la acción. En: Fletcher GF, Grundy SM, Hayman L, editores.
Grandes temas en cardiología: 33rd ACC New York
Cardiovascular Symposium. Barcelona: Medical Trends 2002;
p. 61-9.
6. Vázquez JA, Gaztambide S, Soto-Pedre E. Estudio prospectivo
a 10 años sobre la incidencia y factores de riesgo de diabetes
mellitus tipo 2. Med Clin (Barc) 2000;115:534-9.
7. Costa B, Franch J, Martin F, Morató J, Donado A, Basora J, et
al. IGT Research Group. Impact of the American Diabetes
Association diagnosis criteria on high risk Spanish population.
Diab Res Clin Pract 1999;46:75-81.
8. Masiá R, Pena A, Marrugat J, Sala J, Vila JS, Pavesi M, et al,
and the REGICOR Investigators. High prevalence of cardiovascular risk factors in Gerona, Spain, a province with low myocardial infarction incidence. J Epidemiol Community Health
1998;52:707-15.
9. Costa B, Piñol JL, Martín F, Donado A, Castell C, y Grupo de
Investigación ITG. Incidencia significativa de la diabetes tipo 2
en la población española de alto riesgo. Resultados del Estudio
ITG (2). Med Clin (Barc) 2002;118:287-93.
10. Costa B, Martín F, Donado A, Parera F, Piñol JL, Basora J, et
al, y el Grupo de Investigación ITG (Reus-Tarragona). Diabetes
ignorada y otras alteraciones del metabolismo glucídico en la
población española de alto riesgo: el Estudio ITG. Med Clin
(Barc) 2000;114:601-8.
11. López-Bescós L, Cosín J, Elosua R, Cabadés A, De los Reyes
M, Arós F, et al, en nombre de los investigadores del estudio
PANES. Prevalencia de angina y factores de riesgo cardiovascular en las diferentes comunidades autónomas de España: estudio
PANES. Rev Esp Cardiol 1999;52:1045-56.
12. Tomás L, Varas C, Pérez I, Puig T, Balaguer I. Factores de riesgo y morbimortalidad coronaria en una cohorte laboral mediterránea seguida durante 28 años. Estudio MANRESA. Rev Esp
Cardiol 2001;54:1146-54.
13. EUROASPIRE Study Group. A European Society of
Cardiology survey of secundary prevention of coronary heart
disease: principal results. European action on secundary prevention through interventions to reduce events Eur Heart J
1997;18: 1569-92.
14. Fiol M, Cabadés A, Sala J, Marrugat J, Elosua R, Vega G, et al,
en representación de los investigadores del estudio IBERICA.
Variabilidad en el manejo hospitalario del infarto agudo de miocardio en España. Estudio IBERICA (Investigación, Búsqueda
Específica y Registro de Isquemia Coronaria Aguda). Rev Esp
Rev Esp Cardiol 2002;55(7):751-62

759

Document downloaded from https://www.revespcardiol.org/, day 06/12/2021. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Zamora A, et al. Prognosis of Diabetic Patients with Coronary Heart Disease

Cardiol 2001;54:443-52.
15. Velasco JA, Cosin J, López-Sendón JL, de Teresa E, de Oya M,
Carrasco JL, et al. Grupo de Investigadores del estudio PREVESE. La prevención secundaria del infarto de miocardio en
España. Rev Esp Cardiol 1997;50:406-15.
16. Cabadés A, López Bescós L, Aros F, Loma-Osorio A, Bosch X,
Pabón P, et al. Investigadores del PRIAMHO. Características
clínicas y evolutivas de los IAM ingresados en UCIC de los hospitales españoles - El Estudio PRIAMHO. (Proyecto de Registro
de Infartos Agudos de Miocardio Hospitalarios). Rev Esp
Cardiol 1996;49(Suppl):70.
17. Marrugat J, Ferrières J, Masià R, Ruidavets J, Sala J, and the MONICA-Toulouse and REGICOR investigators. Differences in use of
coronary angiography and outcome of myocardial infarction in
Toulouse (France) and Gerona (Spain). Eur Heart J 2000;21:740-6.
18. Cabadés A, Echanove I, Cebrián J, Cardonba J, Valls F, Parra
V, et al. Características, manejo y pronóstico del paciente con
infarto de miocardio en la Comunidad Valenciana en 1995: resultados del registro PRIMVAC (Proyecto de Registro de
Infarto Agudo de Miocardio de Valencia Alicante y Castellón).
Rev Esp Cardiol 1999;52:123-33.
19. Velasco JA, Llargués E, Fitó R, Sala J, Del Río A, De los Arcos
E. Prevalencia de los factores de riesgo y tratamiento farmacológico al alta hospitalaria en el paciente coronario. Resultados de
un registro multicéntrico nacional (Programa 3C). Rev Esp
Cardiol 2001;54:159-68.
20. Lupón J, Valle V, Marrugat J, Elosua R, Serés L, Pavesi M, et
al, for the RESCATE Investigators. Six-month outcome in unstable angina patients without previous myocardial infarction according to the use of tertiary cardiologic resources. J Am Coll
Cardiol 1999;34:1947-53.
21. Bermejo García J, López de Sa E, López-Sánchez JL, Pabón
Osuna P, García-Morán E, Bethencourt A, et al, en representación
de los investigadores del Proyecto de Estudio Pronóstico de la
Angina (PEPA). Angina inestable en el anciano: perfil clínico,
manejo y mortalidad a los 3 meses. Rev Esp Cardiol 2000;
53;1564-72.
22. Haffner SM, Letho S, Rönnemaa T, Pyöräla K, Laakso M.
Mortality from coronary heart disease in subjects with type 2
diabetes and in nondiabetic subjects with and without prior
myocardial infarction. N Engl J Med 1998;33:229-34.
23. Laakso M. Hyperglycemia and Cardiovascular Disease in type 2
diabetes. Diabetes 1999;48:937-42.
24. Nathan DM. Long-term complications of diabetes mellitus. N
Engl J Med 1993;328:1676-85.
25. Barret-Connor E, Wingard DL. Sex differential in ischemic heart disease mortality in diabetics: a prospective population-base
study. Am J Epidemiol 1983;118:489-96.
26. Countinho M, Gerstein HV, Wang Y, Yusuf S. The relationship
between glucose and incident cardiovascular events: a metaregression analysis of published data from 20 studies of 95,783 individuals followed for 12.4 years. Diabetes Care 1999;22:233-40.
27. Balkau B. Insulin resistance: an independent risk factor for cardiovascular disease. Diabetes, Obesity and Metabolims 1999;
1(Suppl):S23-S31.
28. Camps I, Biarnes J, Fernández-Real JM, Soler J, Farnández
Castañer M, Insa R. Resistencia a la insulina y síndrome metabólico en familiares de primer grado de pacientes con diabetes
mellitus tipo 2. Med Clin (Barc) 1999;112:281-4.
29. Pravenne M, Kurtz TW. Genetics of CD36 and the hypertension
metabolic syndrome. Semin Nephrol 2002;22:148-53.
30. Lewis EJ, Lawrence G, Clarke W, Berl T, Pohl MA, Lewis JB,
et al. Renoprotective effect of the angiotensin-receptor antagonist irbesartran in patients with nephropaty due to type II diabetes. N Engl J Med 2001;345:851-60.
31. Dinneen SF, Gerstein HC. The association of microalbuminuria
and mortality in non-insulin-dependent diabetes mellitus: a systematic overview of the literature. Arch Intern Med 1997;157:
1413-18.
32. Krolewski AS, Warram JH, Valsania P. Evolving natural history

760

Rev Esp Cardiol 2002;55(7):751-62

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

of cornary artery disease in diabetes mellitus. Am J Med 1991;
90(Suppl):56S-61S.
Hancu N, Leiva DA. Enfermedad cardiovascular en la diabetes
mellitus: impacto sanitario y patogenia. Cardiovascular Risk
Factors 2001;5:251-61.
Borch-Johsen K, Kreiner S. Proteinuria: value as predictor of
cardiovascular mortality in insulin-dependent diabetes mellitus.
Br Med J 1987;294:1651-4.
Earle K, Walker J, Hill C, Viebriti GC. Familial clustering of
cardiovascular disease in patients with insulin dependent diabetes with nephropaty. N Engl J Med 1992;326:673-7.
Scheid-Nave C, Barret-Connor E, Wingard DL. Resting electrocardiographic abnormalities suggestive of asymptomatic ischemic heart disease associated with non-insulin dependent diabetes mellitus in a defined population. Circulation 1990;81;
899-906.
Irace L, Larussi D, Guadagno I, Tedesco MA, Perna B, Ratti G,
et al. Left ventricular performance and autonomic dysfunction in
patients with long-term insulin-dependet diabetes mellitus. Acta
Diabetol 1996;33:269-73.
Miettinen H, Lehto S, Salomaa VI, Mahonem M, Niemela H,
Haffner SM, et al. Impact of diabetes on mortality after the first
myocardial infarction (Finmonica Miocardial Infarction Register
Study). Diabetes Care 1998;21:69-75.
Sala J, Marrugat J, Masia R, Porta-Serra M, and the REGICOR
Investigators. Improvement in survival after myocardial infraction between 1978-85 in the REGICOR study. Eur Heart J
1995;16:779-84.
Malmberg K, Ryden L, Hamstem A, Herlitz J, Waldenröm A,
Wedel H, of the DIGAMI Study group. Effects of insulin tretament on cause-specific one year mortality and morbidity in diabetic patients with acute myocardial infarction. Eur Heart J
1996;17:1337-44.
Kannel WP, McGree DL. Diabetes and cardiovascular disease.
The Framinghan Heart Study. JAMA 1994;241:2035-8.
Zuanatti G, Latini R, Maggioni AP, Santoro L, Franzosi MG.
Influence of diabetes on mortality in acute myocardial infarction: Data from the GISSI-2 Study. J Am Coll Cardiol
1993;22:1778-94.
Fernández-Fúnez A, Cabrera R, Hernández A. Enfermedad del
músculo cardíaco en la diabetes mellitus. Med Clin (Barc)
2000;115:27-35.
Watschinger B, Brunner C, Wagner A, Schnack C, Prager R,
Weissel M, et al. Left ventricular diastolic impairment in type 1
diabetic patients with microalbuminuria. Nephron 1993;63:14551.
Di Bello V, Talarico I, Picano E, Di Muro C, Landini L, Paterni
M, et al. Increased echodensity of myocardial wall in the diabetic heart: an ultrasound tissue characterization study. J Am Coll
Cardiol 1995;25:1408-15.
Oswald GA, Corcoran S, Yudkin JS. Prevalence and risks of hyperglycemia and undiagnosed diabetes in patients with acute
myocardial infarction. Lancet 1984;1:1264-7.
Norhammanr AM, Ryden L, Malmberg K. Admission plasma
glucose. Independent risk factor for long-term prognosis after
myocardial infarction even in nondiabetic patients. Diabetes
Care 1999;22:1827-31.
Sala J, Marrugat J, González de Molina FJ, Fernández-Real JM,
Gil M, Masiá R, et al, for the REGICOR Investigators. Shortterm mortality myocardial infarction patients with diabetes or
hyperglycaemia during admision [en prensa]. J Epidemiol
Comm Health 2002.
Jacoby RM, Nesto RW. Acute myocardial infarction in the diabetic patient: pathophysioloy, clinical course and prognosis. J
Am Coll Cardiol 1992;20:736-44.
Fava S, Azzopardi J, Agius-Muscat H. Outcomes of unstable
angina in patients with diabetes mellitus. Diabet Med 1997;14
209-13.
ISIS-II Collaborative Study Group. Randomized trial of intravenous streptokinase, oral aspirin, both or neither among 17,187
90

Document downloaded from https://www.revespcardiol.org/, day 06/12/2021. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Zamora A, et al. Prognosis of Diabetic Patients with Coronary Heart Disease

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.
91

cases of suspected myocardial infarction: ISIS-2. Lancet
1988;2:349-60.
Granger CB, Califf RM, Young S, Landela R, Samaha J, Worley
S, et al. Outcome of patientes with diabetes mellitus and acute
myocardial infarction treated with trombolitic agents. The
Thrombolysis and Angioplasty in Myocardial Infarction (TAMI)
study group. J Am Col Cardiol 1993;21:920-5.
Rigla M, Pérez A, De Leiva A. Disfunción endotelial, alteraciones de la coagulación hiperhomocisteinemia en la diabetes mellitus. Cardiovascular Risk Factors 2001;5:296-302.
Barzilay JL, Kronnal RA, Bittner V, Eaker E, Evans C, Foster
ED. Coronary artery disease and coronary artery bypass grafting in diabetic patients > 65 years (report from the Coronary
Artery Surgery Study (CASS) registry). Am J Cardiol 1999;74:
334-9.
Abizaid A, Kornowski R, Mintz GS, Hong MK, Abizaid AS,
Menhran R, et al. The influence of diabetes mellitus on acute
and late clinical outcomes following coronary stent implantation. J Am Coll cardiol 1988;32:584-9.
Kornowski R, Mintz GS, Kent KM, Pichard AD, Satler LF,
Bucher TA. Increased reestenosis in diabetes mellitus after coronary interventions is due to exaggerated intimal hyperplasia.
A serial intravascular ultrasound study. Circulation 1997;95:
1366-9.
Savage M, Fischman D, Slota P, Rake P, Leon M, Schaz R, et
al. Coronary Interventions in the diabetic patient: improved outcome following intracoronary stent placement. J Am Coll
Cardiol 1997;29(Supl A):188A.
Elezi S, Kastrati A, Pache A, Wehinger A, Hadamitzky M,
Dirschinger J, et al. Diabetes Mellitus and the clinical and angiographic outcome after coronary stent placement. J Am Coll
Cardiol 1998;32;1866-73.
Esmatjes E, Vidal J. Patología del corazón de origen extracardíaco (XI). Repercusión cardíaca de la diabetes mellitus. Rev
Esp Cardiol 1998;51:661-70.
Pascual DA, Valdés M, García F, Garzón A, González J, García
A, et al. Influencia de la diabetes mellitus en los resultados clínicos tardíos de la revascularización coronaria con stents. Rev Esp
Cardiol 2001;54:261-8.
The Bypass Angioplasty Revascularization Investigation
(BARI) investigators. Comparison of coronary bypass surgery
with angioplasty in patients with multivessel disease. N Engl J
Med 1996;335:217-25.
Assmann G, Schulte H. The Prospective Cardiovascular
Munster (PROCAM) Study: prevalence of hyperlipidemia in
persons with hypertension and/or diabetes mellitus and the relationship to coronary heart disease. Am Heart J 1998;116:171324.
González-Juanatey JR, Alegría E, García JM, González I,
Vicente J. Impacto de la diabetes en las enfermedades cardíacas
en España. Estudio CADIOTENS 1999. Med Clin (Barc) 2001;
116:686-91.
Pou JM, Rigla M. Hipertensión arterial como factor de riesgo
cardiovascular en la diabetes. Cardiovascular Risk Factor 2001;
5:288-94.
Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D,
Julius S, et al. Effects of intensive blood-pressure lowering and
low-dose aspirin in patients with hypertension: principal results
of the Hypertension Optimal Treatment (HOT) randomised trial.
HOT Study Group. Lancet 1998;351:1755-62.
Heart Outcomes Prevention Evaluation (HOPE) Study
Investigators. Effects of ramipril on cardivascular and microvascular outcomes in people with diabetes mellitus: results of the
HOPE and MICRO-HOPE substudy. Lancet 2000;355:253-9.
UK Prospective Diabetes Study Group. Tight blood pressure
control and risk of macrovascular and microsvascular complications in type 2 diabetes: UKPDS38. BMJ 1998;317:703-13.
Wägner AM, Pérez A. Dislipemia diabética y riesgo cardiovascular. Cardiovascular Risk Factors 2001;5:277-87.
Goldberg RB, Capuzzi D. Lipid disorders in type 1 and type 2

diabetes. Clin Lab Med 2001;21:147-72.
70. Pyorala K. Ensayos cardiovasculares en la diabetes: pasado y
presente. Rev Esp Cardiol 2000;53:1553-60.
71. American Diabetes Association. Management of dyslipemia in
adults with diabetes (Position statement). Diabetes Care 2001;
24(Suppl):58-61.
72. Conti CR. Evolution of NECP guidelines: ATP1-ATPIII risk estimation for coronary heart disease in 2002. National
Cholesterol Education Program. Clin Cardiol 2002;25:89-90.
73. Caixas A, Ordóñez-Llanos J, de Leiva A, Payés A, Homs R,
Pérez A. Optimization of glycemic control by insulin therapy
decreases the proportion of small dense LDL particles in diabetic patients. Diabetes 1997;46:1207-13.
74. Wäner A, Rigla M, Pérez A. Prevención de la enfermedad cardiovascular en la diabetes mellitus. Cardiovascular Risk Factors
2001;10:304-12.
75. Ockene JK, Shaten BL. Cigarette smoking in the Multiple Risk
Factor Intervention Trial (MRFIT). Introduction, overview, method, and conclusions. Prev Med 1991;20:552-63.
76. Everhart J, Pettit D, Bennett P. Duration of obesity increases incidence of NIDDM. Diabetes 1992;41:235-40.
77. Sinha R, Fisch G, Teague B, Tamborlane WT, Banyas B, Allen
K, et al. Prevalence of impaired glucose tolerance among children and adolescents with marked obesity. N Engl J Med 2002;
346:802-10.
78. Harding AH, Williams DE, Hennings SH, Mitchell J, Wareham
NJ. Is the association between dietary fat intake and insulin
resistance modified by physical activity? Metabolims 2001;
50:1186-92.
79. Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects
of exercise on glycemic control and body mass in type 2 diabetes mellitus: a meta-analysis of controlled clinical trials. JAMA
2001;286:1218-27.
80. Walker KZ, Piers LS, Putt RS, Jones JA, O’Dea K. Effects of
regular walking on cardiovascular risk factors and body composition in normoglycemic women and men with type 2 diabetes.
Diabetes Care 1999;22:555-61.
81. Manson JE, Colditz GA, Stampher MS, Willett WC, Krolewski
AS, Rosner B, et al. A prospective study of maturity-onset diabetes mellitus and risk of coronary heart disease and stroke in
women. Arc Intern Med 1991;151:1141-7.
82. Tuomielehto J, Linstrom J, Eriksson JG, Valle TT, Hamalainen
H, Llanne-Parikka P, et al. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with impared glucose
tolerance. N Engl J Med 2001;344:1343-50.
83. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective
Diabetes Study (UKPDS) Group. Lancet 1998;352:837-53.
84. Anderson DKG, Svärdsuldd L. Long-term glycemic control relates
to mortality in type II diabetes. Diabetes Care 1995;18:1534-43.
85. Bjornholt J, Erkssen G, Aaser E, Sandvik L, Nitter-Hauge S,
Jervell J, et al. Fasting blood glucosa: an understimated risk factor for cardiovascular death: results from a 22-year follow-up of
healthy non-diabetic men. Diabetes Care 1999;22:45-9.
86. Hertzel G. Is glucose a continuous risk factor for cardiovascular
mortality. Diabetes Care 1999;22:659-60.
87. Antithrombotic Trialists’ Collaboration. Collaborative metaanalysis of randomised trials of antiplatelet therapy for prevention of death, myocardial infarction, and stroke in high risk patients. BMJ 2002;324:71-86.
88. Fogari R, Zoppi A, Corradi L, Lazzari P, Mugellini A, Lusardi
P. ACE inhibition but not angiotensin II antagonism reduced fibrinogen and insulin resistance in overweight hypertensive patients. J Cardiovasc Pharmacol 1998;32:616-20.
89. Hanson L, Lindholm LH, Niskanen L, Lanke J, Hedner K,
Niklason A, et al. Effect of angiotensin-converting-enzyme inhibition compared with conventional therapy on cardiovascular
mobidity and mortality in hypertension: The Captopril
Rev Esp Cardiol 2002;55(7):751-62

761

Document downloaded from https://www.revespcardiol.org/, day 06/12/2021. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Zamora A, et al. Prognosis of Diabetic Patients with Coronary Heart Disease

90.
91.

92.

93.
94.
95.

96.

97.

98.

99.

100.

762

Prevention Project (CAPP) randomized trial. Lancet
1999;353:611-6.
Sowers JR, Bakris GL. Antihypertensive therapy and the risk of
type 2 diabetes mellitus. N Engl J Med 2000;342:969-70.
Taal MW, Brenner BM. Renoprotective benefits of RAS inhibition: from ACEI to angiotensin II antagonists. Kidney Int 2000;
57:1803-17.
Zuanett G, Latini R, Maggioni AP, Franzosi M, Santoro L,
Tognoni G. Effect of the ACE inhibitor lisinopril on mortality in
diabetic patients with acute myocardial infarction: data from the
GISSI-3 Study. Circulation 1997;96:4239-45.
Kendall ML, Lynch KP, Hjalmarson A, Kjekshus J. Beta-blockers and sudden cardiac death. Ann Inter Med 1995;123:358-67.
Amoudia-Blasco FJ, Navarro J. Enfermedad cardiovascular en
la diabetes mellitus. Med Clin (Barc) 2002;118:306-11.
Abu-Lebdeh HS, Hodge DO, Nguyen TT. Predictors of macrovascular disease in patients with type 2 diabetes mellitus. Mayo
Clin Proc 2001;76:707-12.
Kuuusito J, Mykkanen L, Pyorola K, Laakso M.
Hyperinsulinemic microalbuminuria: a new risk indicator for
coronary heart disease. Circulation 1995;90:831-7.
American Diabetes Association. Consensus development conference on the diagnosis of coronary heart disease in people with
diabetes. Diabetes Care 1998;21:1551-9.
Syvanne M, Pajunen P, Kahri J, Lahpera S, Ehnholm C,
Niemeinen MS, et al. Determinants of the severity and extent o
coronary artery disease in patients with type 2 diabetes and in
nondiabetic sujects. Coronary Artery Dis 2000;12:99-106.
Pradahan A, Manson J, Rifai N, Buring J, Ridker P. C-reactive
protein, interleukin 6, and risk of developing type 2 diabetes
mellitus. JAMA 2001;18:327-34.
Bae JH. Noninvasive evaluation of endothelial function. J

Rev Esp Cardiol 2002;55(7):751-62

Cardiol 2001;37(Suppl):89-92.
101. Mielke CH, Shields JP, Broemelin LD. Coronary artery calcium, coronary artery disease and diabetes. Diabetes Res Clin
Pract 2001;53:55-61.
102. Kang X, Berman DS, Lewin HC, Cohen I, Friedman JD,
Germano G, et al. Incremental prognostic value of myocardial
perfusion single photon emission computed tomography in patients with diabetes mellitus. Am Heart J 1999;138:1025-32.
103. Nicaud V, Raoux S, Poirier O, Cambien F, O’Reilly DS, Tiret
L. The TNF-alpha/G-308ª polymorphism influences insulin sensitivity in offspring of patients with coronary heart disease. The
European Atherosclerosis Research Study II. Atherosclerosis
2002;161:317-25.
104. Olefsky JM, Saltiel AR. PPARγ and the tretament of insulin resistance. Trends Endocrinol Metab 2000;11:362-8.
105. Inzucshi SE, Maggs DG, Spollett GR, Page SL, Rife FS, Walton
V, et al. Efficacy and metabolic effects of metformin and troglitazone in type II diabetes mellitus. N Engl J Med 1998;338;867-72.
106. Minamikawa J, Tanaka S, Yamuchi M, Inue D, Koshiyama H.
Potent inhibitory effect of troglitazone on carotid arterial wall
thickness in type 2 diabetes. J Clin Endocrinol Metab 1998;83:
1818-20.
107. Kaplan F, Al-Majali K, Betteridge DJ. PPARS, insulin resistance and type 2 diabetes. J Cardiovasc Risk 2001;8:211-7.
108. Evans D, Aberle J, Wendt D, Wolf A, Beisegel U, Mann Wa. A
polymorphism, L162V, in the peroxime proliferatos-activated
receptor alpha (PPARalpha) gene is associated with lower body
mass index in patients with non insulin-dependent diabetes mellitus. J Mol Med 2001;79:198-204.
109. Freeman DJ, Norrie J, Sattar N. Pravastatin and the development of diabetes mellitus. Evidence for a protective treatment
effect in the West of Scotland Coronary Prevention Study.
Circulation 2001;103:357-62.
110. Califf RM. La diabetes y el cardiólogo: un llamamiento a la acción. En: Fuster V, editor. Grandes temas de la Cardiología.
Barcelona: Medical Trends, 2002; p. 68.

92

