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Abstract

Int roduct ion: Vascular risk factors (VRF) have been related to cognitive deicits and an 
increased risk of dement ia. Cognit ive impairment  is considered to be one of the earliest  
manifestat ions of cerebrovascular disease. In Spain there is a high prevalence of VRF, but  
also one of the lowest incidences of cerebrovascular disease in Europe. This is the irst 
study that  invest igates the relat ionship between VRF and cognit ion in a Spanish sample.
Met hods: A total of 90 people aged between 50-65 years with a low-to-moderate 
cardiovascular risk underwent  a neuropsychological evaluat ion. None of them had a 
history of cardiovascular disease. The bat tery included tests assessing execut ive, 
at tent ional, mnesic, visuospat ial and motor-speed/ coordinat ion funct ions. We used 
correlat ion and inter-groups comparison to relate VRF to mult iple cognit ive domains24.
Result s: Higher stroke risk was signiicantly related to a lowered proile in visuo-
const ruct ive funct ions and motor-speed/ coordinat ion. Moreover, the group with moderate 
cardiovascular risk showed a lower performance in visuoconst ruct ive funct ions compared 
to the low-risk group. After stat ist ical adj ustment  for age, sex and years of scholarship 
VRF were only related to motor-speed/ coordinat ion.
Conclusions: In healthy, middle-aged adults, VRF are related with impairment  in two 
cognit ive domains. This effect  is slight  and tends to appear in people with moderate 
cardiovascular risk.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Cognitive deterioration is considered to be the irst 
manifestat ion of  cerebrovascular disease. 1 Vascular disease 
is the second most  common cause of  dement ia af ter 
Alzheimer’s disease. 2 In fact ,  t he risk factors that  increase 
the probabil it y of  st roke, 3 such as hypertension (HT), 
dyslipidemia, diabetes mell it us (DM) or smoking, for 
example, have been linked to cognitive deicits4-6 and a 
greater  risk of  dement ia. 7,8 Vascular risk factors (VRF) 
have also been related to cerebral at rophy, white mat ter 
lesions and lacunar st roke. 9-12 The relat ionship between 
the factors ment ioned and cognit ive deteriorat ion could 
be explained by subclinical pathological cerebrovascular 
processes. 5,13

Although Spain has a high prevalence of VRF,14-16 studies 
on cerebral vascular disease in our count ry have show one 
of the lowest   st roke incidence rates registered in Europe.17,18 
This t rend is similar to that  described by the phenomenon 
called “ southern Europe paradox”  or “ Mediterranean 
paradox” , characterised by a coronary disease incidence 
rate lower than expected from the VRF in southern European 
count ries, compared to those in the north of Europe.19-21 
The causes are unknown, but  it  has been suggested that  
genet ic and/ or environmental  factors, such as the 
Mediterranean diet , could grant  some protect ion.22,23 It  has 
recent ly been demonst rated that  a greater adherence to 
the Mediterranean diet  also reduces the risk of cognit ive 
deteriorat ion and Alzheimer’s disease.23-25

The cognit ive deteriorat ion associated with vascular risk 
factors has been insuficiently explored in the Spanish 
populat ion. The main aim of this study was to determine 
the link between VRF and cognit ive performance in a sample 
of people between 50 and 65 years of age with no history of 
cardiovascular events.

Subjects and Methods

Subjects

The sample was composed of 90 individuals between 50 and 
65 years of age, grouped by gender and educat ional level 
according to populat ion rat ios. These subjects were part  of 
the Barcelona-ASIA-neuropsychological study; 30 had a low 
cardiovascular risk (REGICOR<5) and 60 between mild and 
moderate (REGICOR=5). They were randomly selected from a 
sample of 3,010 individuals from the PERART populat ion 
database on peripheral arterial disease in the north Barcelona-
Maresme area.26 This is an area that  includes both urban and 
rural populat ions, totalling about  600,000 inhabitants.

Individuals with a history of st roke, t ransient  ischemic 
at tacks, cardiovascular events, cognit ive deteriorat ion 
(MMSE<25), neurological or psychiat ric affectat ion or with 
any other medical condit ion that  could interfere with the 
results of the evaluat ion were excluded. Following the 
protocol of the Barcelona-ASIA-neuropsychological study, 
incompat ibilit y with magnet ic resonance (MRI) was also 
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Factores de riesgo vascular y rendimiento cognitivo en personas de 50 a 65 años

Resumen

Int roducción: Los factores de riesgo vascular (FRV) se han relacionado con déicit cogni-
t ivos e incremento del riesgo de demencia. De hecho, el deterioro cognit ivo es conside-
rado como una de las primeras manifestaciones de enfermedad cerebrovascular. En nues-
t ro país se ha regist rado una elevada prevalencia de FRV j unto a una incidencia de ictus 
de las más baj as de Europa. Éste es el primer estudio con población española que inves-
t iga la relación ent re los FRV y el rendimiento cognit ivo en la edad adulta.
Mét odos: Se ha realizado evaluación neuropsicológica a 90 personas de 50-65 años de 
edad con riesgo cardiovascular baj o, leve y moderado, sin historia de enfermedad cardio-
vascular. Se les administ ró una batería de test  sensible a funciones ej ecut ivas, atencio-
nales, mnésicas, visuoconst ruct ivas y de velocidad/ coordinación visuomot riz. Se han he-
cho análisis de correlación y comparación ent re grupos para estudiar la relación ent re los 
FRV y las diferentes funciones cognit ivas.
Result ados: Se observó una relación estadísticamente signiicativa entre un mayor riesgo 
vascular y un peor rendimiento en funciones visuoconst ruct ivas y en velocidad/ coordina-
ción visuomotriz. Además, el grupo de riesgo moderado presentó un rendimiento signii-
cat ivamente inferior respecto al de riesgo baj o en funciones visuoconst ruct ivas. Tras 
covariar por edad, sexo y años de escolaridad los FRV únicamente se relacionaron con 
velocidad/ coordinación visuomot riz.
Conclusiones: Los FRV en personas de mediana edad están relacionados con disminución 
del rendimiento en dos funciones cognit ivas. La afectación es leve y t iende a evidenciar-
se en personas con un riesgo moderado.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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considered as a criterion for exclusion. Two people were 
excluded a post eriori due to neuroanatomical alterat ions 
revealed by their MRI.

Socioeconomic variables such as age, gender and economic 
and educat ional level were collected. Premorbid intelligence, 
general cognit ive level and depressive symptomatology 
were est imated through the Vocabulary (WAIS-III),27 Mini-
Mental State Examinat ion (MMSE)28 and Geriat ric Depression 
Scale GDS)29 tests, respect ively (table 1).

Assessment of Cardiovascular Risk

Cardiovascular risk was calculated from the REGICOR30 

funct ion, which is a calibrated scale validated for the Spanish 
populat ion,31 of the Framingham-Wilson equat ion (Framingham 
Coronary Heart  Disease Risk Funct ion).32 This scale, widely 
used in the clinical environment, makes it  possible to quant ify 
the risk of suffering a coronary event  within 10 years. The 
REGICOR scale is based on the following VRF: age, gender, 
arterial pressure, DM, smoking habit  and cholesterol. The 
diagnosis of metabolic syndrome was also determined using 
the criteria of the American Heart  Associat ion (AHA),33 as 
were the classic VRF and their prevalence: HT,34 dyslipidemia,35 
DM3 and smoking habit  (the current  consumpt ion of any 
amount of tobacco is the guideline for considering pat ients as 
smokers). The determinat ions of the VRF took place at  the 
Neurology Department of the Hospital Universitario Germans 
Trias i Pujol in Badalona. Total cholesterol and baseline 
glycaemia measurements were obtained from a blood 
extract ion while the pat ient  was fast ing, and the systolic 
arterial pressure was calculated as the worst  obtained from 
the pat ient ’s arms, after at  least  5 minutes of rest .

Neuropsychological Evaluation

The assessment  consisted of a single session approximately 
two and a half hours long. It  took place at  the Hospital 
Universitario Germans Trias i Pujol in Badalona between 
January and October 2008. All part icipants were submit ted 
to a bat tery of neuropsychological tests that  evaluated 
different  cognit ive skills. The majority of tests included had 
been recommended by the board of specialists of the Nat ional 
Inst itute for Neurological Disorders (NINDS) and the Canadian 
Stroke Network for their suitability and sensit ivity in the 
diagnosis of vascular cognit ive deteriorat ion.1 Speciically, 
planning, cognitive lexibility and inhibition were assessed 
using the computerized version of the 64-item Wisconsin 
Card Sort ing Test  (WCST-64)36 and the interference score of 
the Stroop test .37 Verbal luency was explored through the 
phonet ic (P, M, R) and semant ic (animals)29 luency tasks. 
Working memory was determined from the scores obtained 
in Inverted Digits in the Wechsler intelligence scale for adults 
(WAIS-III)27 and part  B of the Trail Making Test .29 At tent ion 
funct ions were assessed by subtests such as the Symbols 
Search, Direct  Digits and Numbers Code from WAIS-III, the 
Trail Making Test  (part  A) and the Cont inuous Performance 
Test  (CPT-II).38 The List  of Words and Pictures tests from the 
Wechsler-III (WMS-III)39 memory scale were used as verbal 
and visual memory indices, respect ively. Finally, 
visuoconst ruct ive funct ions were assessed with the Drawing 
Copy sect ion from the WMS-III and visuomotor speed/

coordinat ion with the Grooved Pegboard Test .40 This proj ect  
was approved by the Ethics Commit tee of the University of 
Barcelona and all subjects gave their informed consent .

Statistical Analysis

The analysis of demographic, clinical and neuropsychological 
variables was carried out  with SPSS 15.0 (SPSS Win.; v 15.0) 
software for Windows. To obtain a single general score for 
each of the cognit ive funct ions, the direct  scores from each 
neuropsychological test  were t ransformed into standard z 
scores. These were generated from the scores obtained 
from the low risk group (REGICOR<5). The general score of 
each of the funct ions was calculated from the mean of the 
z scores for each of the tests that  composed them (table 2). 
The z scores of the tests in which a greater score implied a 
worse performance were inverted.

The study of the relat ion between the REGICOR scale 
score and the performance on the dif ferent  cognit ive 
funct ions was carried out  by Pearson’s product -moment  
linear correlation coeficient. In a second analysis, a partial 
correlation coeficient was used to control the age, gender 
and years of educat ion variables, as these were the 
sociodemographic variables that  most  affected cognit ive 
performance. Furthermore, although age and gender were 
components of the REGICOR index, they were cont rolled in 
the part ial correlat ion analysis because they were classic 
VRF that could not be modiied.

The stat ist ical tests ANOVA and MANOVA were used for 
the comparison of means between the groups with low risk 
(REGICOR<5%), mild risk (REGICOR, 6%-9%) and moderate 
risk (REGICOR, 10%-19%), applying Bonferroni as a post eriori 
cont rast . If  the pert inent  assumpt ions for each test  were 
not fulilled, non-parametric tests were used. The contrasts 
were considered statistically signiicant when p<.05.

Results

Clinical and Demographic Characteristics

Table 1 details the clinical and sociodemographic variables 
for each of the cardiovascular risk groups. The mean ± 
standard deviat ion for age was 59.83±3.42 years. The 
populat ion was 39.8% male and 60.2% female. Their 
socioeconomic level was average-low. The mean length of 
educat ion was 7.53±3.27 years and they had a normal level 
of premorbid intelligence and general cognit ive performance. 
They did not present any clinically signiicant depressive 
symptoms; 30 people had a low coronary risk level; 48, 
mild; and 10, moderate. There were no individuals with a 
high or very high risk level (REGICOR=20).

The data obtained from the conidence intervals for the 
sociodemographic variables prove that  the various groups 
were similar (table 1). Figure 1 shows the prevalence of VRF 
in each of the groups.

Neuropsychological Characteristics

A signiicant statistical relation was detected between 
higher vascular risk and worse performance in 
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Table 2 Results of the neuropsychological tests administered

Cognit ive funct ions and t est s Risk groups according to REGICOR Stat ist ical * (gl).   
size of the effect  

p

Low (n=30) Mild (n=48) Moderate (n=10)

Execut ive (n=78)

 St roop (interference)37 0.87±6.73 1.75±7.51 —3.3±10.87 F=1.793 (2.85) 0.173
 WCST-64 (perseverat ive errors)36 13.1±5.78 14.35±6.54 12±6.16 F=0.769 (2.85) 0.467
 Phonetic luency PMR29 29.5±11.52 28.15±10.34 28.8±9.09 F=0.150 (2.85) 0.861
 Semantic luency 29 17.07±3.7 16.88±3.61 17.9±4.91 F=0.302 (2.85) 0.74
 TMT-B (n=78)29 119.93±46.87 149.93±74.97 148.5±44.14 F=1.915 (2.75) 0.154
 Inverse digit  WAIS-III (span)27 4.07±1.41 4.04±1.5 4.5±1.35 z=1.221 (2) 0.543

At t ent ion

 Symbol search WAIS-III27 21.1±6.79 19.42±7.28 23.5±8 F=1.514 (2.85) 0.226
 Numbers key WAIS-III27 42.97±14.56 38.85±11.82 38.2±18.62 F=0.957 (2.85) 0.388
 TMT-A (n=78)29 46.13±16.63 51.63±17.51 51±23.88 F=0.888 (2.85) 0.415
 CPT (commission errors)38 12.53±7.61 11.75±7.13 13.4±3.41 z=1.185 (2) 0.553
 CPT (react ion t ime)38 437.42±87.81 442.1±74.77 424.34±49.56 z=0.806 (2) 0.668
 Direct  digits (span)27 5.4±1.25 5.35±1.16 5.6±1.51 F=0.165 (2.85) 0.848

Verbal memory

 List  of words I WMS-III39 27±5.36 26±4.98 26.5±4.86 F=0.124 (2.85) 0.883
 List  of words II WMS-III39 5.57±2.48 5.92±1.94 5.9±2.13 F=0.255 (2.85) 0.776

Visual memory

 Drawings I WMS-III39 64.77±16.01 63.13±15.91 66.5±18.91 F=0.22 (2.85) 0.803
 Drawings II WMS-III39 45.9±21.91 39.56±16.75 39.8±18.98 F=1.098 (2.85) 0.338

Visuoconst ruct ive

 Drawings copy WMS-III27 95.7±5.03 94.56±4.9 90.1±11.91 F=3.203 (2.85)  
=0.07

0.046

Visuomot or speed and coordinat ion

 Grooved Pegboard (n=86)40 72.3±10.75 74.04±10.29 81±23.44 z=1.195 (2) 0.55

* ANOVA or Kruskal-Wallis tests. The data express mean ± standard deviat ion.

Table 3 Means and standard deviat ions of the sample as a whole for each of the cognit ive domains. Values of Pearson 
correlation coeficients and partial

Cognit ive funct ions Mean±SD Non-corrected model Corrected model a

r p b rab.cd p b

Execut ive funct ions —0.07±0.6 —0.047 0.341 0.111 0.174
At tent ion —0.08±0.57 < 0.001 0.499 —0.01 0.467
Verbal memory 0.01±0.81 0.011 0.46 0.072 0.274
Visual memory —0.21±0.87 < 0.001 0.5 0.012 0.459
Visuoconst ruct ive funct ions —0.25±1.24 —0.295 0.003 c —0.129 0.139
Visuomotor speed and coordinat ion —0.17±1.16 —0.294 0.003 c —0.128 0.032 d

SD: standard deviat ion. 
a For age, gender and years of schooling. 
b Degree of signiicance for the Pearson correlation (unilateral) and partial correlation. 
c Signiicance p<.01. 
d Signiicance p<.05.
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visuoconst ruct ive funct ions (r=–0.295; p=0.003; R2=0.087) 
and in visuomotor speed/ coordinat ion (r=–0.294; p=0.003; 
R2=0.086). When corrected by age, gender and years of 
educat ion, the detected pat tern cont inued only in visuomotor 
speed/ coordinat ion (r=–0.218; p=0.032; R2

ab.cd=0.047). No 
signiicant correlation was established between the other 
funct ions. Table 3 shows the data from Pearson’s correlat ion 
and the part ial correlat ion co-varying by age, gender and 
years of educat ion between the REGICOR scale score and 
performance on the different  cognit ive funct ions.

When comparing the scores obtained in the tests by the 
different risk groups, a signiicant difference was detected 
in the Drawing Copy test  (F=3.203; p=0.046; η =0.07). In 
part icular, the moderate risk group performed worse than 
the low risk group (F=5.6; p=0.041) (table 2). Nevertheless, 

this dif ference was not  detected adj ust ing by age, gender 
and years of educat ion.

Figure 2 shows the neuropsychological proile of the low, 
mild and moderate risk groups in the dif ferent  assessed 
funct ions. The moderate risk group performed worse in 
visuoconst ruct ive and visuomotor speed/ coordinat ion 
functions. However, this difference was signiicant only in 
visuoconst ruct ive funct ions (F=–1.11; p=0.041; η =0.07). 
The dif ference was not  detected after correct ing by age, 
gender and years of educat ion.

Discussion

This is the irst study in Spain to investigate the relationship 
between VRF and cognit ive performance in people between 
50 and 65 years of age with no history of cardiovascular 
disease. A statistically signiicant relationship has been 
found between higher cardiovascular risk according to the 
REGICOR scale and reduced performance in two cognit ive 
funct ions: visuoconst ruct ive and visuomotor speed/
coordinat ion. It  should be emphasised that  the number of 
funct ions and the degree of affectat ion observed were 
inferior to those described in previous populat ion studies 
from the northern Europe and the United States.4,5 In 
part icular, the study with the Framingham cohort  showed 
alterat ions in visuospat ial memory, organisat ion and 
t racking, at tent ion, concent rat ion and abst ract  reasoning.4 
The English ELSA study (English Longitudinal Study of Aging),5 
described a reduct ion of performance in verbal memory, 
semantic verbal luency, processing speed and general 
cognit ive funct ion. The dif ferences between the present  
study and the Framingham and ELSA studies could be part ly 
explained by our sample being younger (age interval, 50-65 
years) and, therefore, having a lower cardiovascular risk. In 
the Framingham and ELSA studies, part icipants were 50 
years old or more. In addit ion, those studies did not  exclude 
people with mild cognit ive deteriorat ion (MMSE, 23-25), so 
cognit ive affectat ion could have been overest imated.4,5 
Nevertheless, recent  invest igat ions have also found that  
VRF, especially HT and DM, already cause cognit ive effects 
on adults in that  age group.41-43 The lower cognit ive 
affectat ion found in the present  study could also be related 
to the Mediterranean paradox, which assumes a low 
incidence rate of coronary disease in count ries with a higher 
prevalence of VRF.19-21 This discovery puts forward, irstly, 
the need to carry out  populat ion studies with older people 
and with a higher cardiovascular risk and, secondly, it  
highlights the importance of invest igat ing the genet ic and 
environmental interact ions which could act  as protect ive 
mechanisms of cerebrovascular disease and cognit ive 
deteriorat ion.

On the other hand, the correct ion due to age and gender 
allowed for the exclusive assessment  of the effect  of the 
t reatable VRF (HT, DM, smoking and dyslipidemia), which 
are the target  of primary prevent ion st rategies.3 If  we take 
into account only the mentioned modiiable VRF, the 
associat ion of VRF with cognit ive performance is reduced, 
but  persists in visuomotor speed/ coordinat ion. It  must  
highlighted that  this capacity is one of the most  int imately 
related to the integrity of the cerebral white mat ter,44,45 
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risk groups based on the REGICOR scale.
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which is part icularly sensit ive to cerebral blood 
hypoperfusion.46 The results indicate that  speed is the 
cognit ive funct ion most  sensit ive to t reatable VRF and the 
irst in which performance reduction can be detected. In all 
l ikelihood, the negat ive effect  of these VRF on the integrity 
of the cerebral white mat ter would be the implicated 
physiopathological mechanism.

A comparison between the low, mild and moderate risk 
groups indicated that  the moderate risk group was the only 
one that  showed cognit ive dif ferences. In part icular, its 
performance in visuoconstructive functions was signiicantly 
lower than that  of the low risk group. A limitat ion of the 
study was the small number of people at  moderate risk 
(n=10). Moreover, although the data obtained show that  the 
groups were equivalent  with respect  to their sociodemographic 
variables, the moderate risk group showed a higher mean 
age and percentage of older males, compared to those at  
low or mild risk, as well as a lower educat ional level. These 
peculiarit ies, which could be relevant  in the results obtained, 
have been cont rolled by int roducing age, gender and 
educat ion t ime as co-variables in the stat ist ical analysis. It  
is also worth ment ioning that  the proport ion of people with 
a moderate cardiovascular risk in our sample was similar to 
that previously described in the literature. Speciically, 6.7% 
of the people between 40 and 65 years of age in Spain 
present  a moderate or high vascular risk.47,48 Consequent ly, 
it  appears that  it  is approximately in this 7% of the populat ion 
in which the VRF can begin to have an effect  on cognit ive 
performance. Monitoring of the cognit ive state of the sample 
would allow us to ascertain if  a greater middle to long term 
incidence of cognit ive deteriorat ion and dement ia takes 
place in this group of pat ients, compared to the low and 
mild risk groups. In future studies, with a larger sample size, 
it  would also be advisable to group the part icipants according 
to dif ferent  sociodemographic criteria such as age, gender 
and educat ional level.

Recent ly, a cut -off  point  at  which pharmacological 
intervent ion is indicated has been established for 
cardiovascular risk according to the REGICOR>10% scale. 
This is equivalent  to moderate or high risk.49 The results 
obtained support  such recommendat ions, for they indicate 
that cognitive deicit begins to be evident in this moderate 
risk group. The results also indicate that  prevent ion of VRF 
not  only reduces the risk of suffering a cardiovascular event , 
it  could also reduce the risk of suffering cognit ive 
deteriorat ion.

In short , the results show that  VRF in middle-aged people 
without  any history of cardiovascular disease are related to 
cognit ive performance even when there have been no 
clinical manifestat ions of cerebrovascular disease. Age and 
gender would be the VRF with the greatest inluence in this 
age range. The cognit ive funct ions most  sensit ive to VRF 
would be the visuoconst ruct ive and visuomotor speed/
coordinat ion. This affectat ion is mild and tends to appear in 
people at  moderate risk (REGICOR>10).
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