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Introduction
The cerebrovascular diseases (CVD), along with the ischemic 

cardiopathy, constitute one of the most interesting epidemiologi-

cal processes and a social-sanitary problem of fi rst magnitude. 

The diabetes mellitus (DM) is one of its modifi able risk factors 

of a higher specifi c weight, as it affects an under age population 

due to its relationship with other factors as the blood hyperten-

sion, the obesity and dyslipidemia. The increase in the DM and 

ictus prevalence makes it necessary to enlarge our knowledge 

concerning the epidemiological connection between both pro-

cesses. The studies addressed to investigate these relationships 

are still scarce and, as it usually happens in this area of the med-

icine, they are not exempt from methodological diffi culties, due 

to heterogeneous diagnosis or hospital statistics or insuffi cient 

communitarian records. The epidemiology of the CVD will be 

handled in this article in the patient with diabetes from a descrip-

tive and analytical perspective. The known data about the distri-

bution of the disease in the population shall be depicted in the de-

scriptive part, and the studies that the different aspects of the 

impact have been investigated as risk factor between DM and the 

cerebrovascular pathology shall be detailed in the analytical epi-

demiological part.

Descriptive epidemiology
The studies that have determined the incidence, prevalence and 

mortality of the CVD in the diabetic population shall be revised 

in this section. These works are not many as the ones performed 

for the epidemiological relationships of the DM and the ischem-

ic cardiopathy; therefore, some references from this investigation 

shall be used necessarily in our investigation area.

Incidence
In the Search for Diabetes in Youth Study (SEARCH), the global 

incidence of DM in the young population was of 24.3 new cases 

per 100,000 persons/year.1 For the adult population, the inci-

dence is higher and is also related to the age. Thus, it has been es-

timated in 200 for the age group of 40-49 years old, in 350 for 

50-59 years old and 600 for 60-69 years old and in approximate-

ly 800 over 70 years old. The incidence in the adult population 

varies also relevantly considering the race. In the Multi-Ethnic 

Study of Atherosclerosis (MESA), with a cohort of 45 to 84 
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years old, the accumulative incidence was much higher in His-

panics (11.3%), followed by the black population (9.5%), Chi-

nese (7.77%) and Caucasian population (7.7%).2

As regards to the epidemiology of the CVD in the diabetic 

population, it is considered in general, that the incidence of ictus 

in patients with T2D is two to four times higher than the inci-

dence in the rest of the general population. The ictus relative risk 

(RR) among patients with T2D increases especially in the group 

aged 40-60, and especially in women (increase of the RR of 1.8 

in men and 2.2 in women).3,4 In the study Greater Cincinnati/

Northern KENTUCKY Stroke, performed on a biracial popula-

tion (Afro Americans and Caucasian population), very variable 

rates of incidence were observed according to the race and age 

group of the patients. In the group aged 55-64, the rate was of 

930 cases/100,000 inhabitants in the black population, vs. 708 

cases in individuals of Caucasian race.5 In the Nurses’ Healthy 

Study,6 performed on a female cohort of comprised ages between 

30 and 55 years old, an incidence of 240 cases of ictus/100,000 

inhabitants/year were observed for T2D. According to the type of 

ictus, the incidences were of 140 for the ischemic ictus and 12 

for the hemorrhagic ictus. And, within the ischemic ictus, the in-

cidences were of 36 for the ictus of great arteries, 50 for the la-

cunars infarction and 30 for the ictus due to an unknown cause 

according to the etiological subtypes. 

In Spain, in a clinical longitudinal study7 conducted with out 

patients (176 patients, follow-up mean of 6.3 years) an accumu-

lative of vasculopathy of 15.9% could be observed (defi ned as is-

chemic cardiopathy, ictus or intermittent claudication) and espe-

cially 6.3% of coronary disease, 8% of CVD and 4% of 

peripheral artery disease. In other work, based on a cohort of pa-

tients with T2D and without vascular disease at the basal situa-

tion, it could be observed an accumulative coronary disease inci-

dence of 17% (18.5% in men and 15.2% in women) after 10 

years of follow-up.8 Comparatively, these data are similar to the 

ones obtained in the group of Morrish et al.,9 who in a study of a 

cohort of 497 patients with T2D throughout 8.33 years of follow-

up, observed an incidence of 18.8% of myocardial infarction, 

5.9% of CVD and 5.2% of peripheral arterial disease.

Prevalence
In the study SEARCH, the prevalence of DM in the juvenile pop-

ulation in the United States was of 0.79 cases per 1,000 individu-

als in the group of 0 to 9 years old and 2.8 cases per 1,000 for the 

group of ages ranged between 10 and 19 years old. The non-

Spaniard Caucasian population showed the higher prevalence 

(1,061/1,000) in the group of the younger age. In the group of 

10-19 years old, the black population (3.22/1,000) and the non 

Spaniard Caucasian population (3.18/1,000) appeared with the 

highest fi gures, followed by the Hispanics (2.18/1,000).10 In the 

adult population, the data from the National Health and Nutrition 

Examination Survey (NHANES) 1999-2002 estimated a preva-

lence of 15.3%.11

The prevalence of T2D in Spain is in the region of 6.5% in the 

population between 30 and 65 years old, though it can change 

between 6 and 12% considering the different studies, populations 

and methods used for the diagnosis. The National Health Survey 

shows, during the period 1993-2003, the prevalence of DM stat-

ed by the polled people increased from 4.1 to 5.9%, reaching in 

the age range between 65 and 74 years old the 16.7% and in peo-

ple over 75 years old, 19.3%.12,13

In the study Greater Cincinnati/Northern Kentucky Stroke, 

performed on a biracial population (Afro Americans and Cauca-

sian population), the patients with ictus were diabetic in 36% of 

the Afro Americans and 30% of the Caucasian population.5 The 

diabetic patients with ictus were younger than the non-diabetic. 

Thus, in the white population, the RR was of 5.3 for the group 

aged 45-54 years old, 4.7 for the group 55-64 years old and 2.2 

for the group aged 65-74. In the logistics regression model it 

could be observed that the fraction attributable in the population 

for DM was of 5.2% in Caucasians and 5.6% in Afro Americans. 

This value was similar than the one found in the study about the 

Caucasian population in Rochester (Minnesota) where a fraction 

of 5% was attributable to the DM. As regards to the hypertension 

factor, the population fraction attributable was of 16.2 and 9.8%. 

The values observed in the combination of hypertension-DM 

were of 20-21%.14

Several transversal studies showed gross estimations of the pre-

valence in the macrovascular complications in Spain.12,15-19 A 

wide range of values of vascular disease prevalence were ob-

served in these studies (5.6-24.5%). The estimations correspond-

ing to the coronary disease ranged between 10.5 and 19.8%, and 

ictus between 3.3 and 11.8%. Evidently, the prevalence rates 

vary considering the different used methodologies and the differ-

ent clinical characteristics of the population, as for example the 

disease evolution time. Arteagoitia et al.12 studied 2,920 diabetic 

patients of the Basque Country using a network of sentry medi-

cal consultations during the year 2000. They observed a preva-

lence of macroangiopathy of 21.6% in case on recent onset dia-

betes (12.4% of coronary disease [CD], 9.8% of ictus and 14.1% 

of peripheral vascular disease), and 33% in cases of known DM 

(7% of CD, 4% of ictus and 14% of peripheral arterial disease). 

These authors stated that the macrovascular disease was more 

probable in men than in women (odds ratio [OR], for the incident 

diabetes: 2.3; confi dence interval [CI],: 1.2-4.6; OR for prevalent 

DM: 1.5; CI of 95%: 1.5-2.1).

Mortality
In the individuals with DM, the circulatory diseases constitute 

one of the main causes of mortality. Thus, in Spain, the vascular 

pathology is responsible for the mortality of half of the individu-

als with T2D;20,21 even some study exists that rises this percent-

age up to 75-80%.22 If the mortality related to the DM is ana-

lyzed in an isolated manner, we fi nd that in 2005, in our country, 

the DM was globally the seventh cause of death and occupied the 

8th-9th place in men and the 5th-6th place in women.23,24 These es-

timations are also very similar than the ones found in countries 

like the United States, where the DM was the sixth cause of 

death.25 According to the National Institute of Statistics of Spain, 
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the ischemic cardiopathy was the cause of 90.98 deaths and the 

CVD of 80.23 deaths per 100,000 inhabitants/year, compared to 

a mortality rate specifi c for DM of 23.3 deaths per 100,000 in-

habitants/year.23,24

The population attributable fraction is the proportion in which 

the incidence rate would be reduced of a disease in a population, 

if the exposure to a determined risk factor is eliminated. Banegas 

et al.26 suggested that the population attributable fraction for the 

DM was of approximately 8.3% for the coronary disease and 

3.7% for the CVD. These authors estimated that 2% of the coro-

nary mortality and 1.6% of the cerebrovascular mortality were 

attributable to DM in men, while up to 10.4 and 3.9%, respec-

tively, were in women.

Though the mortality due to coronary disease diminished in 

men with diabetes during the last three decades, it seems that in 

turn it increased in women.27 In Spain; the available data suggest 

the existence of a similar pattern. However, though the preva-

lence of the DM is lightly higher in men, the Spanish women are 

prone to have a worse control of the risk factors than men.28 

Moreover, the women have a worse prognosis once affected by 

the cardiovascular diseases.29 According to a study performed in 

Andalusia, the mortality rate without adjustment was higher in 

women than in men, especially when the age of the cohorts ad-

vanced.30 These results are comparable to the ones described in 

other countries.20

Analytical epidemiology
Influence of diabetes in the ictus subtypes
According to the epidemiological studies, the DM has an in-

fl uence on the CVD model. The types of more frequent brain 

infarctions are of atherothrombotic and lacunar origin. In the 

lacunar infarction, the DM seems as a risk factor that has spe-

cial clinical connotations. Thus, it has been observed that the 

DM, along with the hypertension, are the factors that mostly 

contribute to a greater extension of the subcortical CVD. The 

radiological pattern of multiple lacunar infarctions is more fre-

quent in the patients with DM.31,32 According to these observa-

tions, it can be considered that the diabetic patient with mac-

roangiopathy signs develops a more extensive cerebrovascular 

affectation. The studies of cohorts designed in order to evaluate 

the presence of subcortical ischemic lesions (hyperintensities 

of the white substance in the magnetic resonance) observed that 

the DM is a prognosis factor of its onset and that it was also re-

lated to its progression.33

A great part of the epidemiological studies found that the re-

lationship of the T2D with the hemorrhagic ictus is not so evi-

dent except for the ischemic ictus.34-37 In the Rochester Minne-

sota Study,38 the T2D did not appear as a risk factor for 

hemorrhagic ictus. In the Honolulu Heart Study and the 

Framingham Stroke Study, the incidence of the hemorrhagic ic-

tus in patients with DM diagnosis was similar than the inci-

dence in the general population.39,40
 The relationship between 

the DM and the hemorrhagic ictus could be stated in this last 

study when the male population was analyzed separately. In a 

recent meta-analysis (102 studies) designed to evaluate the re-

lationship of the DM with the different types of vascular dis-

ease, the association between the hemorrhagic ictus and the 

DM has been clearly confi rmed.41

Differences of sex, age and geographic distribution
The DM increases the ictus risk in young adult patients and 

mainly in the female population. This particular behavior of the 

DM as risk factor has been observed in a great part of the epide-

miological studies. Thus, a high ictus risk could be observed in 

younger persons, especially in women in a study that evaluated a 

great cohort that included 41,799 individuals with DM and 

202,733 controls.42 The absolute rate of ictus was of 11.91 per 

1,000 persons/year in the cases with diabetes and 5.55 per 1,000 

persons/year in the control group. The RR for ictus in the group 

aged 35-54 years was of 4.66 in men and 8.18 in women. These 

values diminished with the age. Other key risk factors for ictus in 

patients with T2D according to this study were the DM length, 

the nicotine poisoning, the obesity, the auricular fi brillation and 

the hypertension.

The DAI Study43 detected similar values in the risk for ictus in 

men and women with diabetes during a 4-year follow-up (5.5 vs. 

6.3 ictus per 1,000 persons/year). In both sexes, the age was an 

important risk factor for ictus. In men, the HbA1c and the tobacco 

were the most important additional factors, except for the wom-

en, where the ictus risk was related with the microvascular com-

plications. In the group of individuals with known history of vas-

cular disease, the history of previous ictus and the use of drugs 

(insulin or oral antidiabetics) were the factors related to the ictus 

onset, while in women were the previous ictus, the levels of the 

HDL cholesterol and the micro vascular complications. These 

observations pay attention about the need of a more strict control 

in the detection and treatment of the diabetes in the juvenile pop-

ulation, especially the female population.

Different epidemiological studies have provided data about the 

asymmetric epidemiological behavior regarding to the geograph-

ic distribution of the ictus in a determined region or country. Dur-

ing the last decades, several studies in the United States investi-

gated the causes of the high mortality rate due to ictus in the 

southeast of the country. This area is known for some decades as 

the “ictus belt” (stroke belt).44,45 The high prevalence of DM in 

some of the stages of the “belt” might explain these regional var-

iations.46 It has been proved that there is also a geographic varia-

tion pattern in the mortality rates due to ictus in Spain. During 

the last years, the distribution of the mortality due to CVD per 

autonomous communities shows that the highest mortality rates 

due to CVD, both in men and in women, were observed in the 

southern and east zone, especially in Andalusia and Murcia. The 

statistical records of Andalusia show mortality rates due to ictus 

a 50% higher than of the other communities. This community al-

so shows the highest rates of chronic diseases (hypertension, DM 

and coronary disease) and risk factors (overweight, obesity and 

smoking habit) and worse socio-economic data (education and 

incomes).47 A north-south gradient has been detected in the trans-
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versal epidemiological studies performed in Spain in order to 

evaluate the prevalence of DM, with values of 6% in regions like 

Asturias and Catalonia, and up to 13% in Andalusia. 

Diabetes and carotid disease
In a prospective study it could be observed that the carotid stenos 

is higher than 50% was detected in 8.2% of the patients with dia-

betes, compared to 0.7% of other patients with ictus but not dia-

betic patients.48 The patients with T2D to whom a carotid mur-

mur was detected have six time more risk of showing an ictus 

than the group of diabetic patients without a murmur.49

Some data related to a peculiar atherosclerotic affectation 

could be observed in the diabetic population. Clinical markers 

bond to a higher vascular risk in diabetic patients have been iden-

tifi ed, as the waist-hip rate and the level of circulating insulin, 

which were associated positively to the carotid atheromatosis 

measured by the thickness of the ultrasonographic intima-media 

thickness.50 In the Insulin Resistance Atherosclerosis Study 

(IRAS) stated that the diabetes history and the level of basal gly-

cemia were associated independently to an increase in the inti-

ma-media thickness, indicating that the chronic hyperglycemia 

or its associated metabolic abnormalities are related to the devel-

opment of the atherosclerotic vascular pathology.51 The carotid 

atherosclerotic lesions in diabetic patients can have more risk 

than in the non diabetic patient. In the studies with high-resolu-

tion resonance, the DM behaved as a prognosis factor for the de-

velopment of vulnerable plaques, regardless of the stenosis lev-

el.52 On the other hand, there are observations that indicate a 

higher risk of complications in the atherosclerotic plaques of the 

diabetic patients during interventions of carotid recanalization, 

as the angioplasty or the endarterectomy.53-55

Diabetes and intracranial atheromatosis
The studies that have investigated the relation of the risk factors 

with the atherosclerosis of the great intracranial vessels have al-

lowed knowing that the diabetes in an isolated manner or the DM 

included within such constellation of factors that constitute the 

metabolic syndrome, have an important role in the development 

of intracranial vascular lesions. In a study based on data of au-

topsies, it could be observed that the DM was an important risk 

factor for intracranial atherosclerosis.56

In the clinical studies of DM, it is also linked to the intracrani-

al atherogenesis. In the study Bae et al.57 it appears as a progno-

sis factor of asymptomatic intracranial atherosclerosis of a high-

er range than the arterial hypertension. And this observation is 

neither confi rmed in studies with symptomatic individuals.58 In 

European patients of the Mediterranean, the T2D is associated to 

a greater extension of intracranial atheromatose lesions; thus, the 

diabetic patients show a higher number of intracranial stenosis 

than the non diabetic ones.59 The metabolic syndrome, as a set of 

risk factors, can be considered the main prognosis factor of in-

tracranial atherosclerosis. The association of this entity to the in-

tracranial atherosclerosis is more potent than the extracranial.60

Prognosis
The history of DM has been related to the prognosis in the pa-

tients who show ictus. The diabetic patients have a greater pre-

disposition to show intrahospital complications after an acute 

brain infarction, as urinary infection, recurrence of ictus or pro-

gressive ictus, which are factors that are related to a worse prog-

nosis.61,62 On the other hand, they have a higher hyperglycemia 

frequency >155 mg/dl during the fi rst hours of the brain infarc-

tion, which might have an infl uence in its evolution.61

In the United Kingdom Prospective Diabetes Study (UKPDS), 

the levels of the chronic hyperglycemia, controlled according to 

the values of the HbA1c, appeared in the multivariant analysis as a 

risk factor related to the ictus mortality. The OR for mortal ictus 

was of 1.37 by a 1% of increase in the HbA1c. Along with the hy-

perglycemia, other factors associated to the mortality were sex, 

systolic blood pressure, the values of the leukocytes and the recur-

rence.63 This study proved that the therapeutic strategy addressed 

to a strict metabolic control with oral antidiabetics or insulin might 

have an infl uence in the prognosis of patients with T2D.

The patients with DM also appear as a very vulnerable popula-

tion once they had a fi rst cerebrovascular event. Thus, the recur-

rence risk is increased up to 12 times and, therefore, it is two 

times higher than the non diabetic patient who suffered an ic-

tus.62,64
 The diabetic patient with a transient ischemic accident 

(TIA) has also a higher risk of recurrence during the fi rst week.65 

One of the involved factors in the prognosis of the recurrent ictus 

is the therapeutic effectiveness of the available drugs for the 

acute phase in the diabetic patient. The resistance to the acetyl-

salicylic acid is more frequent in the diabetic population,66 and 

the DM is a factor that increases the bleeding risk in the system-

ic thrombosis.67,68

Conclusions
To sumarize, the diabetic patients show a high cerebrovascular 

risk profi le, with a higher vulnerability in young adults. The epi-

Table 1. Profile of the cerebrovascular disease 
in the patient with diabetes

Diabetes No-diabetes

Ishemic:hemorrhagic 10:1 5:1

Risk of age <55 Greater Lesser

RR male/female Female>Male Male>Female

Lacunar infarct More frequent Less frequent

Silent infarcts More frequent Less frequent

Progression of ischemic 

subcortical lesions

More frequent Less frequent

Transitory ischemic 

attack

More recurrence risk Less recurrence 

risk

Prognosis Less favorable evolution 

in the acute phase

More risk of recurrence
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demiology indicates that prevention activities should be intensifi ed 

in the diabetic population with the aim of reducing the incidence, 

the prevalence and the rate of mortality of the cerebrovascular 

complications. ■
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