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RESUMEN

Las enfermedades cerebrovasculares y la demencia estan entre las primeras causas de muerte
y discapacidad en el adulto en paises desarrollados. Su coste sanitario es muy alto para los
sistemas sanitarios de salud publica y su incidencia se espera que siga aumentando con el

envejecimiento de la poblacion.

Ambas enfermedades pueden pasar por etapas preclinicas, sin sintomatologia aparente o con
sintomas leves. Estudiar estas enfermedades en estos estadios facilita el entendimiento de la
fisiopatologia y evolucion de la enfermedad y posibilita la prevencion de futuros ictus o la

progresion a demencia.

En esta tesis se describe la metodologia del estudio ISSYS (Investigating Silent Strokes in
hYpertensives, a magnetic resonance imaging Study) y sus resultados principales. El estudio
ISSYS es un estudio comunitario en un grupo de hipertensos de edad media-avanzada y por
tanto en alto riesgo de desarrollar ictus y demencia. En ellos hemos estudiado los estadios
preclinicos de las enfermedades cerebrovasculares y el deterioro cognitivo y sus
determinantes. Hemos usado RM cerebral para identificar las lesiones cerebrovasculares
sublinicas y la evaluacién cognitiva para el diagndstico de Deterioro Cognitivo Ligero (DCL).
También hemos estudiado la presencia y los determinantes (factores de riesgo vascular y
funcién cognitiva) de los infartos corticales pequefios en poblacién envejecida general no

demencia (Estudio Rotterdam).

Hemos mostrado que la prevalencia de infartos cerebrales silentes es del 10% en hipertensos
de estudio ISSYS (n=1037) y se asocia de manera independiente al sexo masculino, tener
puntuaciones mas altas en la escala de riesgo cardiovascular (REGICOR) y a tener presencia de
marcadores de drgano diana para la hipertension arterial (microalbuminuria). Los Espacios

Perivasculares Dilatados son ubicuos en hipertensos y se asocian al envejecimiento y al resto



de lesiones radioldgicas. El 17.5% de participantes del estudio ISSYS mostraron puntuaciones
en la escala cognitiva de cribado DRS-2 por debajo de lo esperado por edad y aifos de
escolaridad. El DCL se ha presentado en un 8.9% de los participantes con datos normativos y se
ha asociado con tener baja educacién, con la rigidez arterial nocturna (medida con presién de
pulso de 24 horas) y con las hiperintensidades de sustancia blanca profundas en la RM

cerebral.

Los infartos corticales pequefos (<15mm) tienen baja prevalencia en la poblacidn general
(1.1%, n=4905) y se encuentran en las zonas limitrofes anterior y posterior en la RM. Se
asociaron con los factores de riesgo vascular (edad, género masculino y tabaquismo) y con una

peor funcidn cognitiva (peor memoria diferida y funcién ejecutiva) en la poblacion general.

El estudio ISSYS pone las bases para seguir estudiando la historia natural de la enfermedad
cerebrovascular y el deterioro cognitivo subclinicos y para el ensayo de terapias preventivas de

ictus y demencia en hipertensos.



SUMMARY

Cerebrovascular disease (stroke) and dementia are first leading causes of death and disability
in adults in developed countries. An important amount of public health budgets are spent in

those diseases and their incidence is expected to grow with the aging population.

Both diseases might have a preclinical stage, without overt symptoms or with mild symptoms.
Studying these diseases in these preclinical stages might help to understand the disease
pathophysiology and evolution and might enable the prevention of future stroke and

progression to dementia.

In this Thesis we describe the methodology of the ISSYS study (Investigating Silent Strokes in
hYpertensives, a magnetic resonance imaging Study) and its main results. This study is a
community-based study in hypertensive individuals, middle and older aged, and therefore at
high risk of stroke and dementia. We studied the preclinical stages of stroke and dementia and
their determinants in these participants. We used brain Magnetic Resonance Imaging to
identify subclinical vascular lesions and cognitive evaluation to diagnose Mild Cognitive
Impairment (MCI). Also we studied prevalence and determinants (vascular risk factores and
cognitive function) of small cortical infarcts in a non-demented, aged, general community-

based study (Rotterdam Study).

We showed that prevalence of silent brain infarcts is 10% in hypertensive individuals of ISSYS
study (n=1037) and they are independently associated to male sex, higher cardiovascular risk
score (assessed by REGICOR, Framingham calibrated equation for Spanish individuals) and
other hypertension target organ damage (microalbuminuria). Enlarged Perivascular Spaces are
ubiquitous in hypertensive individuals and are associated with ageing and other small vessel
disease markers. 17.5% of the ISSYS participants had a score in a dementia screening scale

(DRS-2) lower than expected by age and education years. MCI prevalence is 8.9% and is



associated with lower education, sleep arterial stiffness measured by ambulatory pulse

pressure and extensive deep white matter hyperintensities.

Small cortical infarcts (<15mm) prevalence is low (1.1% in the general aging population,
n=4905). We find them mostly in anterior and posterior external borderzone areas of big brain
arteries. They are associated with vascular risk factors (aging, male sex and smoking) and
worse cognitive function (worse delayed memory and executive function) than participants

without any infarct in the general population.

ISSYS study will allow the study of the natural history of stroke and cognitive impairment
subclinical phases and will permit the study of prevention therapies for stroke and dementia in

hypertensive individuals.



A. INTRODUCCION

A.1. LAS ENFERMEDADES CEREBROVASCULARES

A.1.1. DEFINICION Y EPIDEMIOLOGIA DE LA ENFERMEDAD CEREBROVASCULAR

Las enfermedades cerebrovasculares (ECV o ictus) se definen como el trastorno subito de la
funcién cerebral (transitorio o permanente) causado por la interrupcion de la llegada de
sangre a determinadas zonas del parénquima cerebral. En términos generales, el ictus se
divide en isquémico y hemorragico. El ictus isquémico es el que padecen la mayoria de los
pacientes (un 80% aproximadamente) como consecuencia de una disminucion (interrupcién)
de flujo circulatorio; el ictus hemorrdgico (un 20% aprox.) se produce como consecuencia de la

rotura y extravasacion de sangre en el parénquima cerebral.

Las mejoras en el diagndstico, tratamiento en fase aguda y prevencién (control de los factores
de riesgo vascular) de esta enfermedad han sido considerables en los Ultimos afos,
disminuyendo su incidencia en los paises de renta alta en un 42% en las Ultimas cuatro
décadas.(1) No obstante, a nivel global seguin la Organizacién Mundial de la Salud sigue
habiendo 15 millones de ictus anuales que conllevan un resultado de muerte en un tercio de
los casos y de discapacidad permanente en otro tercio. En Espaiia, el ictus es la segunda causa
de muerte tras la enfermedad isquémica cardiaca siendo la primera causa de muerte en las
mujeres y la tercera en hombres.(2) Ademas el ictus es la primera causa de discapacidad en el
adulto tanto en hombres como en mujeres en nuestro pais. Un 50% de los supervivientes

tendran algun grado de discapacidad y el 20% requerirdn una hospitalizacidn definitiva.

Esta gran prevalencia y mal prondstico del ictus conllevan ademas un importante gasto
sanitario para el Sistema Nacional de Salud. En 2010 se estimd que los 644.025 afectados por

la enfermedad consumian 8.584 millones de euros entre costes directos e indirectos de la
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enfermedad (13.329 euros por enfermo y afio).(3) Por lo tanto prevenir la enfermedad es una

de las tareas mds importantes a realizar para disminuir su incidencia.

La enfermedad cerebrovascular puede cursar también de forma diferente, sin sintomas clinicos
que se presenten de forma aguda. En ese caso hablamos del infarto cerebral silente (ICS) o
encubierto (del inglés, covert) el cual cursa de manera asintomdtica y se identifica con técnicas
de imagen cerebral (TC o RM). No existen datos de su frecuencia en poblacién espafiola pero
en un meta-analisis de datos de cohortes poblacionales internacionales se encontré que la
prevalencia estd en torno al 10-20%, mientras que la incidencia anual es del 2-4%.(4) Estas
cifras son mayores que las de ictus clinico y aumentan todavia mas en poblacién que ha sufrido
un ictus con manifestaciones clinicas. (5) De hecho, se estimdé que eran cinco veces superiores
a la prevalencia e incidencia del ictus clinico. En dos estudios epidemiolégicos norteamericanos
(Atherosclerosis Risk in Communities —ARIC-, Cardiovascular Health Study —CHS-) se extrapold
que de los 12 millones de personas que tuvieron un ictus en 1998, sélo 770.000 tuvieron un

ictus clinico siendo el resto ICS.(6)

La prevencion primaria en esta enfermedad es indispensable porque afecta a una amplia franja
de la poblacién y ademds también porque en la mayoria de personas (76% segun un estudio
reciente) la mayoria de los ictus cursan como un primer evento de enfermedad
cerebrovascular.(7) Actuar en aquellos sujetos de alto riesgo es la manera mas eficaz de luchar

contra esta devastadora enfermedad.

A.1.2. FACTORES DE RIESGO DEL ICTUS

Los factores de riesgo (FR) son similares para los diferentes tipos de ictus (isquémico vy
hemorragico) y también son similares para los ICS con algunas peculiaridades que se
comentaran a continuacién. En la Tabla 1 se muestran los FR y su fuerza de asociacién con los

ICS. (4)

11



1.2.1. FR no modificables

La edad es el FR mas importante tanto para el ictus que cursa clinicamente como para los ICS,
el riesgo aumenta especialmente a partir de la 62 década de vida. En el caso de los ICS el riesgo

se dobla o triplica por década.(4)

La raza o la etnia se relacionan claramente con el ictus clinico, ya que las personas de raza
negra y las de algunas comunidades de Hispanicos y Latinos tienen mayor incidencia y mayor
tasa de mortalidad por ictus que los individuos de raza blanca.(8) En cuanto a los infartos
silentes, en el estudio ARIC se encontré que los que no eran de raza blanca tenian aprox. un

64% mas ICS que estos.(9)

En cuanto a los factores de riesgo genéticos, se estima que aumenta la probabilidad de ictus un
30% en aquellos que tienen antecedentes familiares.(8) En cambio, para los ICS existen menos
estudios genéticos y los genes candidatos no consiguieron replicarse en los estudios de GWAS

(del inglés Genome Wide Association Studies).(10)

En el caso del sexo no hay una mayor predisposicion de un sexo comparado con el otro para el

ictus ni para el ICS. (4)

En el caso del ictus clinico encontramos una asociacion con el bajo peso al nacer (recién

nacidos con peso<2500 gramos), esto no se ha descrito para los ICS.

A.1.2.2. FR modificables

Conjuntamente son la primera causa de ictus tal y como mostré un estudio de casos y
controles internacional en 6000 participantes en el que se vio que 10 factores de riesgo

modificables son la causa del 90% de los ictus.(11)
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De entre todos los factores de riesgo, enfatizaremos el papel de la hipertensién arterial, por
estar una parte de esta tesis especialmente dedicada a la presencia de lesiones vasculares

cerebrales y deterioro cognitivo en los sujetos hipertensos.

La hipertension arterial (HTA) se define como la elevacidn de las cifras de presién arterial (PA)
por encima de 140/90 mmHg, su etiologia es variada pero la mayoria de casos se deben a HTA

esencial (primaria).

La HTA es un factor de riesgo vascular (FRV) mayor tanto para ictus isquémico y hemorragico,
AIT (Accidente Isquémico Transitorio) como para ICS. Es el mas comun de los FRV modificables
para la enfermedad cerebrovascular, dos terceras partes de los >65 afios son hipertensos y su
relacidn con el ictus aumenta a medida que aumentan las cifras de PA. En el caso de los ICS se
encontré que la razén de probabilidad fue hasta cuatro veces superior para los hipertensos

que para los no hipertensos.(4)

Asi, el cerebro se considera un drgano diana para el dafio hipertensivo, pudiendo producirse
eventos clinicos (ictus), dafio silente o subclinico (ICS, Hiperintensidades de Sustancia Blanca o
HSB) u otro tipo de manifestaciones clinicas, como las relacionadas con el deterioro cognitivo.
Esto sucede de forma similar en otros érganos como el rifidn, el corazén o las arterias y para
algunos de ellos también existen marcadores de lesion subclinica,(12, 13) como se muestran

en la siguiente Tabla 2.

Tabla 2: Principales érganos diana de la hipertensién y sus marcadores de lesién subclinica.

Organo diana Marcador subclinico

Corazén - Hipertrofia del ventriculo izquierdo medido por electrocardiograma (indice
Sokolov-Lyon>3.5 mV, onda R en aVR>1.1mV, producto voltaje por duracion
de Cornell>244 mVxseg)

- Hipertrofia del ventriculo izquierdo medido por ecocardiografia (masa del
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ventriculo izquierdo en hombres>115g/m?, en mujeres>95g/m” de superficie

corporal)

Rifidn - Filtrado glomerular 30-60 ml/min/1.73m2 (medido por CKD-Epi)
- Microalbumintria de 24 horas de 30-300 mg

- Cociente albumina/creatinina de 30-300 mg/g

Arterias - Velocidad de la onda de pulso entre carétida y femoral>10 m/s
- Indice tobillo-brazo<0.9
- Grosor intima-media carotideo>0.9 mm o placa carotidea

- En ancianos, Presion de Pulso (PP)260 mmHg

Cerebro - Presencia de infartos cerebrales silentes, microsangrados e hiperintensidades

de sustancia blanca

El tratamiento de la HTA previene la aparicion de ictus, coronariopatia, insuficiencia cardiaca 'y
renal. Un meta-analisis con 23 Ensayos Clinicos Aleatorizados (ECA) mostrd que el tratamiento
de la HTA reducia el riesgo de ictus en un 32% (IC95% 24-39). Reducir las cifras de PA en pre-
hipertensos (PA 120-139/80-89) también se asocia a una disminucién del riesgo de ictus en un
22%. lgualmente el control de la HTA sistdlica aislada (Presién Arterial Sistdlica o PAS >160 y
Presidon Arterial Diastélica o PAD<90 mmHg), tipica del anciano, es importante ya que los ECA
han mostrado reducciones de ictus total y fatal. Reducir las cifras de PA (tanto sistélica como
diastélica) es probablemente mdas importante que la clase farmacoldgica usada y se
recomienda para todos los hipertensos, los pre-hipertensos deben recibir recomendaciones
dietéticas.(8) En el caso de los ICS no se han realizado ECA con farmacos hipotensores por lo

tanto no sabemos si disminuir la PA reduce también la nueva aparicion de ICS.

La diabetes mellitus (DM) es un FRV independiente para ictus y se estima que un 20% de

diabéticos falleceran a causa de esta enfermedad, a demas los diabéticos tienen mas
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frecuentemente otros FRV (HTA, dislipemia, obesidad y ateroesclerosis) que se relacionan con
la aparicion del ictus. (8) No obstante, los ECA individuales no han mostrado una reduccién del
riesgo de ictus con el control estricto de la glucemia y tampoco un reciente meta-analisis de 9
estudios mostrd un beneficio con el control glucémico estricto pero si hubo menos ictus en
aquellos diabéticos con indice de masa corporal (IMC)>30 (RR=0.86, 95% 1C=0.75-0.99).(14)
Para el caso de los ICS, la asociacién es mds débil excepto cuando se mide en pacientes con
enfermedad renal cronica la cual tiene una asociacidn fuerte con los ICS. Se desconoce si la
relacidn positiva entre los diabéticos y los ICS se debe a la DM en si misma, a la enfermedad

renal cronica o a las comorbilidades cardiovasculares que las acompafian.(4)

En cuanto a la dislipemia, la mayoria de estudios mostrd que el colesterol total elevado y los
niveles bajos de colesterol transportado por lipoproteinas de alta densidad (colesterol HDL) son
FRV para el ictus isquémico. Los niveles altos de triglicéridos se han relacionado
inconsistentemente con el ictus, la comparacion entre estos estudios es dificil ya que algunos
se realizaron en participantes en ayunas y en otros sin ayunas. Otra vez, en el caso de los ICS

los resultados van en el mismo sentido que en el ictus clinico pero son menos consistentes.(15)

El beneficio de las estatinas en el ictus isquémico estd mas relacionado con su capacidad para
reducir la ateroesclerosis que por la reduccién de los niveles de colesterol. En el caso de los ICS
se desconoce si pueden ser beneficiosas. La prevencidon primaria con estatinas soélo se
recomienda en los sujetos con alto riesgo cardiovascular a 10 afos (segun las Guias de

Prevencion Primaria para el Ictus Americanas).(8)

En referencia a la obesidad, el aumento del indice de masa corporal (IMC=kg peso/m? altura)
por encima de 25 y especialmente la obesidad abdominal son predictores independientes de
ictus. (16) Otra vez en el caso de los ICS los estudios son insuficientes y conflictivos. En un
estudio con un nimero grande de participantes se mostré que tener obesidad abdominal en el

hombre o la mujer (perimetro abdominal>102 cm y >88 cm, respectivamente) o estar en el
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tercio alto de obesidad comparado con el bajo se asociaban a ICS.(17) No obstante, con el IMC
hay resultados en las dos direcciones: algunos estudios mostraron que el IMC>25 era protector

o deletéreo para ICS comparado con los individuos que tenian el IMC<25.(4)

El sindrome metabdlico que se produciria al combinar al menos tres FR anteriores (HTA,
glucemia alterada en ayunas, hipertrigliceridemia, HDL colesterol bajo y/o obesidad
abdominal) también se asocia a ictus aunque esta asociacién no parece ser mayor que la de la
suma de sus componentes por separado. (8) Para los ICS, sucede algo similar, se desconoce si
la asociacién con el sindrome metabdlico es independiente de los FRV (especialmente,

HTA).(4)

En cuanto al tabaquismo, los andlisis de los grandes estudios epidemioldgicos en la comunidad
(Estudio Framingham, Cardiovascular Health Study —CHS-, Honolulu Heart Study) han mostrado
que el tabaquismo dobla el riesgo de ictus isquémico. El tabaquismo potenciaria el efecto
sobre el ictus de la HTA o de los anticonceptivos orales estrogénicos. En EUA se estima que el
12-14% de la mortalidad por ictus se debe al tabaquismo.(8) Nuevamente, algunos estudios
mostraron una mayor prevalencia de ICS en fumadores que en no fumadores pero la mayoria

no mostraron ningun efecto independiente de otros FR.(4)

El alcohol tiene una relacién en forma de “J” con el ictus isquémico. Es decir, el riesgo es
menor para aquellos con un consumo leve-moderado y es mucho mayor para aquellos con un
consumo excesivo (>300g/semana).(8) Para los ICS el riesgo existe en aquellos con un consumo

excesivo y parece haber un efecto protector para aquellos con un consumo menor. (4)

La fibrilacion auricular incluso en ausencia de valvulopatia es fuente de embolismo cardiaco y
aumenta el riesgo de ictus en 4 o 5 veces.(8) También parece ser un FR para los ICS como se
mostré en el Framingham Study donde fue el factor mds fuertemente relacionado (OR=2.16;

95% IC 1.07,4.40) seguido por la HTA.(18)
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La enfermedad carotidea estimada por la presencia de estenosis asintomatica carotidea es un
predictor de ictus. (8) Ademas de la estenosis carotidea, la presencia de placas de ateromay
algo menos el aumento en el grosor intima media se han relacionado con la presencia de ICS

en practicamente todos los estudios.(4)

El tratamiento de la estenosis carotidea con endarterectomia o angioplastia/stent también son
FR para los ICS. Los estudios son de pocos pacientes pero con ambas técnicas se producen
lesiones isquémicas en el 22% aprox. de los individuos que son identificadas por secuencia de
difusion de la RM cerebral tras el procedimiento.(19, 20) La mayoria de estas lesiones son
asintomaticas y un 61% serdn visibles en forma de ICS en la RM practicada meses después del

procedimiento.

También la enfermedad coronaria y el recambio de la vdlvula adrtica son FR para ICS. (21)

En cuanto a los biomarcadores plasmdticos, el que tiene unos resultados mas consistentes es
la homocisteina. Esta se ha relacionado con el ictus, con otras enfermedades cardiovasculares,
la demencia y la enfermedad de Alzheimer (EA). (22, 23) También en el estudio poblacional

Framingham los niveles altos de homocisteina se asociaron a ICS y a la atrofia cerebral.(24)

Otros FR que han sido estudiados en menor frecuencia y se relacionaron positivamente con los
ICS son el sindrome de apnea obstructiva del suefio, la depresion, la hiperuricemia y el

fibrinégeno.

Tabla 1: Resumen de la fuerza de la asociacién entre los factores de riesgo estudiados y los

infartos cerebrales silentes. Modificado de Fanning y col.(4)
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Fuerza de la asociacion Factor de riesgo

Fuerte Edad
Hipertension arterial
Sindrome metabdlico
Enfermedad carotidea
Enfermedad renal crénica
Probable Homocisteina
Apnea obstructiva del sueio
Enfermedad coronaria
Insuficiencia cardiaca
No aclarado Fibrilacion auricular
Dislipemia
Diabetes Mellitus
Obesidad
Tabaquismo
Alcohol
Etnia

Sexo

A.1.2.3. Las ecuaciones del riesgo cardiovascular

Las ecuaciones del riesgo cardiovascular sirven para estimar la probabilidad de tener un evento
cardiovascular basandose en el efecto conjunto de los FRV que un individuo presente y la

gravedad que estos alcancen. Se adaptd la ecuacion derivada del estudio Framingham a
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nuestra poblacién con el indice del Registre Gironi del Cor (REGICOR). (25) El REGICOR usa para

su estimacion las variables de edad, sexo, tabaquismo, DM, cifras de PAy cifras de colesterol.

En nuestra poblacion no existen ecuaciones de riesgo especificas para ictus, las cuales si estdn

disponibles para poblacién de EUA (Framingham Stroke Risk Score).(26)

A.1.3. CLASIFICACION DEL ICTUS ISQUEMICO Y EL INFARTO CEREBRAL SILENTE (ICS)

El ictus es una enfermedad heterogénea con diferentes subtipos, fisiopatologia, topografia,
curso clinico y caracteristicas en neuroimagen. Por lo tanto existen diferentes clasificaciones

que considerando las caracteristicas previas sistematizan su estudio.

A.1.3.1 Clasificacion segun la localizacion del ictus

La localizacion de los ictus isquémicos puede ser a nivel cortical, subcortical en la sustancia
blanca y/o los ganglios basales, en el tronco y el cerebelo. Su localizacién estd asociada a las

diferentes manifestaciones clinicas.

A.1.3.2. Clasificacidn segun el vaso y territorio vascular afectado

Segun el tipo de vaso y el territorio vascular afecto, el ictus se puede clasificar en enfermedad
de gran vaso o pequefio vaso y en territorio carotideo, vertebro-basilar o frontera. En la Figura

1 se muestran los territorios vasculares de las arterias cerebrales.

-El ictus de gran vaso arterial es la que afecta a las arterias cardtidas, vertebro-basilares y sus

ramas principales.

-La enfermedad de pequefio vaso afecta a las arterias llamadas perforantes (lenticuloestriadas,
talamogeniculadas, talamoperforantes y paramediadas pontinas). Las peculiaridades de las
arterias perforantes son su pequefio didmetro, entre 100 y 400um, su origen en arterias

cerebrales principales y el hecho de no tener anastomosis terminales ni existir circulacion
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colateral para el territorio que irrigan que es la zona proxima a la linea media de los

hemisferios cerebrales y del tronco encefalico.(27)

La obstruccién de dichas arterias perforantes ocasiona el infarto lacunar, cuyo didmetro
maximo puede alcanzar los 20 mm (generalmente, menos de 15 mm), y el cual sucede en la
quinta parte de los ictus isquémicos.(28) Los FRV clasicos para estos infartos son la HTA, la DM
0 ambos. El ICS acostumbra a ser un infarto lacunar localizado en territorios de la sustancia

blanca o gris subcortical, no obstante en ocasiones puede producirse en areas corticales.

-Los ictus de territorio carotideo (o anterior) son los mas frecuentes de los ictus isquémicos.
Incluyen los territorios arteriales de la arteria carétida interna y sus ramas: arteria cerebral
anterior (ACA), arteria cerebral media (ACM), arteria coroidea anterior y ramas perforantes de

la ACAy ACM.

-Los ictus de territorio vertebro-basilar (posterior) se producen en el territorio de las arterias
vertebrales, arteria cerebelosa posteroinferior, arteria basilar y sus ramas: arteria cerebelosa

anteroinferior, arteria cerebelosa superior, arteria cerebral posterior (ACP).
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Figura 1: Territorios arteriales cerebrales. El territorio de las pequefias arterias perforantes se
muestra en naranja (LSA: arterias lenticuloestridas), rojo oscuro en caudado, en azul (AchA:
arteria coroidea anterior) y verde (ramas de la arteria basilar). El resto de arterias indicadas
son ACA (arteria cerebral anterior), MCA (arteria cerebral media), PCA (arteria cerebral
posterior), PICA (arteria cerebelosa posteroinferior), AICA (arteria cerebelosa anteroinferior)

SCA (arteria cerebelosa superior).

Tomada de http://www.radiologyassistant.nl/en/p484b8328cb6b2/brain-ischemia-vascular-

territories.html

-El ictus de territorio frontera (limitrofe) es aquel que sucede entre la zona frontera de la ACA 'y
ACM, entre la ACM vy la ACP o entre el territorio superficial y profundo de una gran arteria

cerebral. La Figura 2 muestra el territorio de los ictus de territorio frontera.
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Figura 2: El fondo es una imagen de RM cerebral potenciada en T2. En azul se muestra el
territorio frontera externo (cortical) y en rojo el interno (subcortical). Tomada de Mangla et al,

2011.(29)

Una de las clasificaciones etioldgicas mas usadas es la clasificacion TOAST que clasifica el ictus

en aterotrombdtico, cardioembdlico, lacunar, de causa rara o indeterminado.(30)

A.1.4. DIAGNOSTICO DEL ICTUS: MANIFESTACIONES CLINICAS Y RADIOLOGICAS

A.1.4.1. Caracteristicas clinicas del ictus

Las caracteristicas clinicas variaran segun la zona afectada y se clasifican segln la arteria y
territorios afectados. No pretendemos explicar aqui los multiples sindromes vasculares que
existen, si bien en aras de un mejor entendimiento de los resultados de la tesis resumiremos

las manifestaciones clinicas de los infartos corticales y los infartos lacunares.

Los infartos corticales acostumbran a producir déficits neurolégicos de funciones superiores
(trastorno del lenguaje o afasia, déficit motor de las extremidades o la cara, déficit sensitivo de
extremidades o de la cara, negligencia, déficit visual tipo hemianopsia, discalculia, agrafia,

alteracion visuoespacial, etc.).

Las manifestaciones clinicas de los infartos lacunares son variadas, los sindromes lacunares

estan generalmente ocasionados por un infarto lacunar. Existen cinco sindromes lacunares
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tipicos: la hemiparesia motora pura (el mas frecuente entre ellos, causa el 50% de los casos), el
sindrome sensitivo puro, el sindrome sensitivo-motor, la disartria-mano torpe y la hemiparesia

ataxica.

Ambos tipos de infartos (corticales y lacunares) pueden pasar de forma desapercibida o
“silente”, tal y como se comentd con anterioridad, por distintos motivos. Algunas veces los
déficits fueron percibidos pero al ser sutiles de tipo visual, motor u otros no motivaron una

consulta médica.

A.1.4.2. Caracteristicas radioldgicas del ictus

El diagnéstico del ictus es clinico y se confirma con las pruebas de imagen cerebral (Tomografia
Computerizada —TC- o Resonancia Magnética —RM- cerebral). Estas son importantes para
diferenciar la etiologia isquémica o hemorragica y hacer el diagndstico diferencial con otras

lesiones cerebrales que presentan sintomas similares.

El diagndstico de ICS se puede establecer mediante TC y sobretodo RM cerebral, o en estudios
post-mortem. Lo mads habitual es encontrarlos como hallazgo casual en la RM cerebral al

realizar la prueba por otro motivo o en estudios observacionales.(31)

La mayoria de estudios los definen como lesiones cavitadas, de tamafio igual o superior a los 3
mm en su diametro maximo, con intensidad de sefial similar al liquido cefalorraquideo (LCR) en
todas las secuencias de RM (hipointenso en T1, hiperintenso en T2 e hipointenso en Fluid
Attenuated Inversion Recovery —FLAIR-). Ademds muchos estudios usan como criterio

diagndstico el tener un halo de gliosis alrededor de la lesidn en la secuencia FLAIR.

En cuanto a su distribucién, se vio que mas de la mitad de los infartos silentes se localizan en
los ganglios de la base (aunque p.ej. en el Rotterdam Scan Study, fueron el 80%), una tercera
parte estan en la substancia blanca subcortical y un 10-20% son corticales(32) (18). Aunque

algunos estudios no incluyeron infartos mayores de 15 mm ni infartos corticales.(33)
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La localizacién predominante en areas no elocuentes del subcortex es probablemente lo que
hace que sean lesiones frecuentemente asintomaticas o no reconocidas como ictus.(34) En la

Figura 3 se pueden ver ejemplos de este tipo de infarto.

A.1.4.3. Diagnéstico diferencial radiolégico de los infartos cerebrales silentes

Los criterios diagndsticos de ICS han ido cambiando ligeramente en los diferentes estudios. En
la actualidad, el énfasis se pone en diferenciarlos de otras lesiones radioldgicas sobretodo de
los Espacios Perivasculares Dilatados (EPVD) y también de las Hiperintensidades de Sustancia

Blanca (HSB).(35) La Figura 3 muestra ejemplos de estas lesiones radiolégicas.

A.1.4.3.1. ESPACIOS PERIVASCULARES DILATADOS

Los espacios perivasculares (o espacios de Virchow-Robin) son espacios anatémicos alrededor
de las pequefas arterias perforantes cerebrales donde drena el liquido intersticial. Pueden
visualizarse en la RM convencional cuando estan dilatados.(36) Se visualizan en secuencia
ponderada en T1 y en T2 con similar intensidad de sefial que el LCR (hipointensos en T1 e
hiperintensos en T2), redondeadas en los ganglios de la base y lineales en la sustancia blanca
subcortical en la RM axial. Durante tiempo se pensé que eran una manifestacion de la atrofia.
Y a nivel anatomopatoldgico se habian observado en gente mayor durante afos y se pensaba
que era un artefacto del procesado del tejido. La interpretaciéon cambié a medida que las

técnicas de imagen fueron avanzando y posibilitaron su visualizacion.(36)

El diagndstico diferencial con los ICS se realiza en base a su tamafo (los EPVD son
generalmente <3mm), forma bien definida, acumulacidn en areas cerebrales concretas (los
EPVD se acumulan en la parte baja de los ganglios de la base y por debajo de la comisura

anterior) y generalmente no tienen halo de gliosis en FLAIR a su alrededor.

Se asocian a la existencia de otras lesiones radioldgicas: infarto lacunar, HSB (37) y a los

procesos inflamatorios de la esclerosis multiple y probablemente del infarto lacunar.(38, 39)
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A.1.4.3.2. HIPERINTENSIDADES DE SUSTANCIA BLANCA

Se manifiestan como 4areas de baja atenuacién en el TC, generalmente simétricas y con
tendencia a confluir. En la RM cerebral se presentan como lesiones hiperintensas en T2 y FLAIR
e iso o hipointensas en la secuencia ponderada en T1. Se distribuyen tipicamente por la
sustancia blanca profunda y periventricular y por la sustancia gris de los ganglios de la base,

también se pueden encontrar en tronco y sustancia blanca del cerebelo.(36)

Se diferencian de los ICS por su intensidad de sefal, por su forma poco definida y por no tener

halo de gliosis alrededor.

Se asocian con la presencia de otras lesiones radiolégicas como el ictus lacunar,(40) lagunas en

RM(41) y los EPVD.(37)

Figura 3: Ejemplos de lesiones cerebrovasculares silentes en resonancia magnética cerebral.
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En la primera fila se muestran dos infartos lacunares (flechas) y EPVD en ganglios de la base
(circulos); en la primera imagen de la izquierda la secuencia estad potenciada en T2, la imagen
central en FLAIR y la de la derecha en T1. En la segunda fila se muestran hiperintensidades de
sustancia blanca en T2 (las flechas sefialan la localizacion profunda y las puntas de flecha la
localizacién periventricular) y EPVD en ganglios de la base (circulos). En la imagen izquierda la
secuencia estd potenciada en T2, en el centro estd la misma imagen en FLAIR y a derecha en

T1.

A.1.5. PRONOSTICO DE LAS LESIONES CEREBROVASCULARES SILENTES

En cuanto al prondstico se ha observado que los individuos con ICS y/o HSB tienen mayor
probabilidad de padecer un ictus clinico, (42, 43) desarrollar deterioro cognitivo y padecer
tanto demencia vascular (DVa) como enfermedad de Alzheimer (EA).(44) En el ultimo apartado

de la introduccidn hablaremos sobre el deterioro cognitivo asociado a estas lesiones.

Su prevalencia elevada y su mal prondstico nos obligan a seguir avanzando en su estudio. En
esta tesis nos hemos centrado en el estudio de algunas lesiones cerebrovasculares silentes en

poblacién hipertensa.

A.1.6. LA ENFERMEDAD DE PEQUENO VASO CEREBRAL

La enfermedad de pequefio vaso es considerada una enfermedad sistémica que afecta a varios
6rganos del cuerpo (cerebro, retina, rifidn, etc.), en ocasiones el cerebro esta preservado y en
otras es la diana principal de la enfermedad.(28) En la presente tesis sélo vamos a abordar

algunos aspectos clinicos y radiolégicos de la enfermedad de pequefio vaso cerebral (EPVC).

La EPVC esta entre las enfermedades neuroldgicas mas frecuentes y tienen un papel crucial en

el envejecimiento, el infarto cerebral y la demencia.(28)
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Se caracteriza por el sindrome clinico, cognitivo, de neuroimagen y neuropatoldgico que se
atribuye a la enfermedad de las pequefias arterias, arteriolas, capilares y vénulas cerebrales

que resulta en dafio cerebral en la sustancia blanca y gris profundas.

La etiologia mds frecuente es la angiopatia (arterioloesclerosis) relacionada con el
envejecimiento y los FRV, otras causas son la angiopatia amiloide cerebral esporadica o
hereditaria (relacionada con la enfermedad de Alzheimer), causas inflamatorias e

inmunomediadas, angiopatias hereditarias, colagenosis venosa y otras.(28)

Los mecanismos que causan la enfermedad son complejos y no se comprenden en su
totalidad. La enfermedad ateroesclerética se atribuye sobretodo a la hipertensién, a la
microateromatosis (o depdsito lipidico en la pared del vaso, de aqui la denominacién de

lipohialinosis), al vasoespasmo y mas recientemente al fallo del endotelio.

A diferencia de los grandes vasos cerebrales, los vasos pequefios no pueden explorarse “in
vivo”, por lo tanto se piensa que las lesiones del parénquima observadas en RM se originan de
la lesidn de estos vasos y son considerados los marcadores indirectos de esta enfermedad. Los
signos de EPVC en la RM convencional incluyen los infartos subcorticales pequefios
(sobretodo, el infarto lacunar del que se ha hablado extensamente con anterioridad), las HSB,

los microsangrados, la atrofia y mas recientemente los EPVD.(36)
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A.2. COGNICION EN EL ENVEJECIMENTO

A.2.1. LA FUNCION COGNITIVA NORMAL

Las funciones mentales superiores o cognitivas son un conjunto de funciones bien integradas
que nos definen como seres humanos y nos permiten aprender, procesar, guardar, y transmitir
informacién, representar mentalmente el mundo, y comunicarnos a través de simbolos y del
lenguaje. Nos capacitan para la creacidn, la ensefianza, la toma de decisiones y para tener una

gran variedad y flexibilidad de comportamientos.

Las funciones cognitivas se mantienen intactas en la mayoria de las personas hasta los 60-70
afios y luego empiezan un declive progresivo muy lento, dificil de medir, salvo que aparezcan

trastornos metabdlicos o enfermedades cerebrales especificas.(45, 46)

Los ancianos sin demencia pueden presentar alteraciones cognitivas leves basicamente de tres

tipos:

Alteracion de la memoria: El aspecto mas afectado es la memoria episddica (recordar eventos
especificos en tiempo y lugar), mientras la memoria remota (a largo plazo) estd generalmente

inalterada.

Alteracion de la capacidad ejecutiva: Las funciones ejecutivas (razonamiento, planificacion,
anticipacién de conductas, atencién dirigida y mantenida, autosuficiencia y monitorizacién la
propia conducta) son habilidades cognitivas complejas necesarias para realizar tareas
complejas y adaptarse a los cambios en la tarea que pretendemos realizar. Su ejecucion
requiere de la integridad de varias regiones cerebrales: corteza prefrontal y frontal

subcortical.(47)

Alteraciones en la rapidez del pensamiento, razonamiento y ejecucion: Estan relacionadas con

la funcién ejecutiva. Un enlentecimiento generalizado a nivel motor, sensorial y cognitivo es

28



una de las caracteristicas principales del envejecimiento. La rapidez con la que se piensa o
realizan tareas puede estar relacionada con la demora en la propagacion del impulso nervioso

o con la integridad de las vias anatdmicas.

Otras alteraciones cognitivas leves pueden aparecer en atencidn, aprendizaje, lenguaje,

funcién visuoespacial y visuoconstructiva.

A.2.2. ESTUDIO DE LAS FUNCIONES COGNITIVAS. LA EXPLORACION

NEUROPSICOLOGICA

La exploracion neuropsicolégica nos ayuda a sistematizar el estudio de las funciones

cognitivas.

Previo a la aparicién de las técnicas de imagen cerebral era una parte fundamental para
establecer el diagndstico de la enfermedad neuroldgica. En la actualidad se usa para el
diagndstico diferencial en patologias que muestran similares caracteristicas clinicas y de
neuroimagen como es el caso del deterioro cognitivo y las demencias, estudio de la topografia

y extension del proceso patoldgico y para sugerir medidas terapéuticas.

La exploracidn neuropsicolégica se debe realizar con test cognitivos con base cientifica, con los
que se puedan establecer un buen correlato cerebro-funcional y ser sensibles para el dafo
cerebral focal y difuso. Ademds deben estar bien traducidos al idioma del paciente y deben

tener validez en la poblacién a la que se aplican.

Es importante destacar aqui que deben existir unos datos normativos para una poblacién con
similares caracteristicas al individuo que se pretende estudiar. Los datos normativos son los
baremos de puntuacidn que obtuvieron los individuos con una funcidn cognitiva normal de las
mismas caracteristicas que el sujeto de estudio (misma edad, mismo nivel educativo y/o
mismo sexo). Dado que la obtencidn de datos normativos es un trabajo costoso en tiempo y
dinero, los estudios normativos se han basado en pocas decenas o una centena de sujetos de
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forma habitual. En los Ultimos afios se han adaptado y validado numerosos test a la lengua

castellana.(48)
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A.3. DETERIORO COGNITIVO LIGERO (DCL) Y DEMENCIA

A.3.1. DEFINICION Y EPIDEMIOLOGIA DEL DCL Y LA DEMENCIA

La demencia es un sindrome clinico que se caracteriza por el declive o pérdida de multiples
funciones cognitivas, con frecuencia asociadas a alteraciones de la personalidad, de la
afectividad o conductuales que llevan a la desadaptacién social y a la pérdida de

independencia del individuo.

El deterioro cognitivo ligero (DCL) es el estado transicional entre el envejecimiento cognitivo
normal y la demencia inicial. Su prevalencia aumenta con la edad y se estima que es el doble
que la de la demencia. Diferentes tipos de estudios mostraron que a partir de los 65 afios el 10

al 20% de los individuos tienen DCL.(49)

La Demencia Vascular (DVa) ocupa el segundo puesto en el tipo de demencia mas frecuente
tras la demencia por Enfermedad de Alzheimer (EA) en los paises occidentales desarrollados.
En cambio en paises orientales la DVa es la mas frecuente. La prevalencia de DVa a partir de
los 65 afios se estimé 1.6% en Europa y de 6.4% para EA.(50) En EUA se estima que la
prevalencia de DVa se dobla cada 5.3 afios y que el DCL de causa vascular tiene una
prevalencia similar a la de la DVa, estas cifras no se conocen con exactitud en Europa. Se

estima que la demencia afectd a 36 millones de personas en 2010 (OMS).

En nuestro pais las cifras son similares para los diferentes estudios, la EA es la primera causa
de demencia (41.1-70%), la segunda es la DVa (14.3-41.1%) y el resto se deben a otros tipos de
demencia primaria y secundaria.(51, 52) La prevalencia de DVa se situaria en torno al 1.2-

1.8%.(52, 53)

Por otro lado la demencia fue por si sola la 62 causa de muerte (42 causa en la mujer) y una de
las primeras causas de discapacidad en el adulto.(2) A demds, se calculé que en el 2010 habia
608.011 afectados que tuvieron un gasto sanitario de 15.402 millones de euros, convirtiendo la
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demencia en la enfermedad crénica del adulto con el mayor gasto sanitario por paciente y afio
(25.303 euros por enfermo). Por lo tanto retrasar o disminuir la aparicién de esta enfermedad

es un reto ineludible para los sistemas sanitarios.

A.3.2. DCL VASCULAR Y DEMENCIA VASCULAR

El DCL vascular seria el DCL que se produce antes de la DVa y se relaciona con la existencia de
ictus y de lesiones cerebrovasculares subclinicas (basicamente con ICS, HSB). Se encuentra en
la mitad de los pacientes con infarto lacunar, ya que este ictus es el que mas predispone a
DVa.(54, 55) Ademas, la aparicion de nuevas lesiones vasculares se relaciona con el declive

cognitivo y la demencia.

Los estudios epidemiolégicos mostraron que aquellos participantes con patologia vascular
subcortical (infartos lacunares clinicos o silentes, HSB) tenian mayoritariamente déficits en
funciones ejecutivas mientras la memoria estaba conservada. (55, 56) Los estudios clinicos han
mostrado que los pacientes con DCL vascular tienen un deterioro cognitivo mas amplio que
puede incluir el déficit mnésico, especialmente en aquellos en que el ictus o ICS implica los
[6bulos temporales o tdlamos.(44, 57) Es cierto también que la mayoria de test
neuropsicoldgicos que miden la memoria dependen del correcto funcionamiento de las
funciones ejecutivas para llevarse a cabo. Por lo tanto, tener lesiones vasculares cerebrales y la
exclusién de demencia son criterios mas importantes que el dominio cognitivo afectado para el

diagndstico de DCL vascular.

Existen numerosas dificultades a la hora de interpretar la literatura cientifica en el campo de
la DVay el DCL vascular porque existen numerosos términos cientificos, numerosas

clasificaciones y muchos instrumentos para clasificar y medir esta heterogénea enfermedad.
Las clasificaciones actuales son clasificaciones de consenso de expertos y tienen en comun el

sindrome cognitivo de demencia y la documentacién de lesiones vasculares capaces de
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producir dicha demencia. No obstante, el DCL vascular no se ha incluido de manera sistematica

en las clasificaciones de DVa.

Los ultimos criterios propuestos en 2011 por los expertos de la American Heart Association y la
American Stroke Association salvan algunos de estos escollos. Clasifican el DCL de causa
vascular en funcién de si hubo un ictus clinico que lo propicié (DCL vascular probable) o no lo

hubo pero existe patologia cerebrovascular subclinica (DCL vascular posible).

A.3.2.1. Subtipos de demencia vascular

Los subtipos de demencia vascular se clasifican segin sus FR, mecanismos patoldgicos,

caracteristicas clinicas o respuesta al tratamiento.

La demencia post-infarto es el prototipo de DVa. Normalmente los sintomas cognitivos que
suceden en la fase aguda del ictus se recuperan, pero el 20% tendran demencia tras los
primeros meses post ictus. (58) El riesgo de demencia post-infarto serd mayor para los de
mayor edad, los que tengan pre-existencia de DCL, muestren HSB previas, atrofia global y
temporal o hipoperfusidn cortical.(59, 60) Puede ser el resultado de la acumulacién de varios
infartos de predominio cortical constituyendo la base para la demencia multi-infarto, puede
estar causada por un infarto de localizacién estratégica (talamo, giro angular, caudado, palido,

tronco basal o hipocampo) o puede deberse a un infarto isquémico o hemorragico.

La demencia mixta se caracteriza por la presencia de caracteristicas clinicas y neuropatoldgicas
de DVa y de EA. En una poblacion seleccionada de religiosas norteamericanas se mostrd una
relacidon de 1:20 para la demencia en aquellas con infarto lacunar y cambios tipo EA respecto
las que no tenian infarto lacunar.(61) También en un estudio en la comunidad norteamericano
se concluyd que la demencia mas frecuente fue la demencia mixta, ya que el 57% de los

participantes tenian patologia de tipo EA en la histopatologia y de estos mdas de la mitad
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presentaban patologia vascular cerebral.(62) Igualmente, los resultados en otras poblaciones

fueron similares.

La demencia vascular subcortical estd causada por ictus lacunares, ICS y HSB, es decir por
lesiones de EPVC.(63, 64) El declive cognitivo se relaciona con tener un nuevo evento vascular,
tener multiples infartos y con la coexistencia de HSB, mds aun si son periventriculares. (65, 66)
Actualmente la EPVC es considerada la causa mds frecuente de DVa y contribuye también

como hemos comentado a la demencia mixta.(28)

El cuadro clinico habitual es un cuadro insidioso y lentamente progresivo en forma de DCL y
demencia subcortical en pacientes con FRV (HTA, DM).(63, 67) Ver la Figura 4 para el curso
tipico de la enfermedad.(67) Este cuadro podria ser el resultado de la interrupcion de los
circuitos paralelos que van de cdrtex prefrontal a ganglios de la base y de sus conexiones

talamocorticales como consecuencia del ictus lacunar o la HSB. (63)

Nor}mal (HTA,  Hsg, infartos (a veces silentes),  primer ictus clinico Aumento nimero lesiones
diabetes) microsangrados,...

Preclinico

Demencia . -

Funcidn cognitiva

v

Envejecimiento patoldgico
Tiempo

Figura 4: Curso evolutivo tipico del deterioro cognitivo vascular subcortical.

Las manifestaciones clinicas de la DVa subcortical se caracterizan por bradipsiquia vy

bradicinesia, sindrome disejecutivo y déficits leves y no predominantes en la memoria de
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evocacion y aprendizaje. Ademas estos individuos suelen presentar sintomas psiquiatricos
(depresidn, irritabilidad, ansiedad, etc.) y conductuales (apatia, abulia, falta de iniciativa y de
motivacion),(68) déficits motores leves tipo alteracién de la marcha, del equilibrio y de la

frecuencia urinaria o incontinencia de curso temprano en la enfermedad.

A.3.3. DIAGNOSTICO DEL DCL

La terminologia con la que se identifican los sujetos que presentan DCL ha sufrido muchos
cambios a lo largo de los afos. Antes de los criterios diagndsticos que se utilizan en la
actualidad, hubo diversos intentos de establecer unos criterios en base al proceso de
envejecimiento cognitivo normal o patoldgico basandose en las quejas de memoria que
presentaban los individuos. Krals y col. en 1962 fueron los primeros en hablar de las quejas de
memoria benignas o malignas asociadas al envejecimiento. Después en EUA se propuso el
término déficit de memoria asociado a la edad y en Canadd el término todavia en uso de

deterioro cognitivo sin demencia.(69)

El término DCL fue acufiado mas tarde por Reisberg para definir aquellos pacientes que se
encontraban en estadio 3 de la Global Deterioration Scale (GDS). (70) Este estadio se referia a
los individuos independientes pero que tenian déficits claros, p.ej. los compafieros de trabajo
son conscientes de su declive en el rendimiento laboral o los familiares comentan un defecto
evidente para evocar nombres de personas o cosas, en la exploracién clinica es evidente un

defecto de concentracion o de memoria. Los sintomas causan ansiedad o los niegan.

Finalmente, en 1999 Petersen y col. definieron los criterios mas usados para diagnosticar el
DCL. Este se establece cuando existen quejas subjetivas de pérdida de memoria,
preferiblemente corroboradas por un informador, con un rendimiento anormal (generalmente
-1.5DE -Desviaciones Estandar- por debajo de lo esperable por su grupo normativo de edad y

nivel educativo), con funcidn cognitiva preservada por lo demads y sin tener empeoramiento en
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las actividades de la vida diaria.(71) En 2004 un comité de expertos del International Working
Group on Mild Cognitive Impairment formado por Winblad y el mismo Petersen hicieron una
modificaciéon de los criterios para dar cabida a diferentes tipos de deterioro. La diferencia
basica entre los criterios previos y estos es la inclusién del deterioro cognitivo sin necesidad de
gue esté presente un déficit mnésico. Asi, se definid como un estado cognitivo anormal que no
cumple criterios de demencia y presenta un deterioro cognitivo segun refieren el paciente o el
familiar, respaldado por los test cognitivos o la evidencia de declive en test cognitivos objetivos
y con preservacion de las Actividades Basicas de la Vida Diaria (ABVD) aunque puede existir un
déficit minimo en las Actividades Instrumentales de la Vida Diaria (AIVD) complejas.(72) Estos

criterios son ampliamente usados por grupos clinicos en la actualidad.

Diversos grupos de investigacién han adaptado los criterios clinicos de Petersen y Winblad
para su uso en estudios epidemioldgicos. En la cohorte del CHS se consideré como test
cognitivo fallido cuando el participante obtenia una puntuacién de un test <-1.5 DE comparado
con su grupo normativo ajustado por edad y escolaridad. Aquellos pacientes con dos tests
mnésicos anormales fueron clasificados de DCL de tipo amnésico si presentaban un declive
respecto evaluaciones previas. Y clasificaron de DCL de tipo déficit cognitivo multiple aquellos
participantes que tenian declive cognitivo en un dominio cognitivo no mnésico (dos test o mas
fallidos de un dominio que no sea memoria) o un test fallido en multiples dominios no
mnésicos (un test fallido en al menos dos dominios que no sea memoria) o fallos en AIVD,
respecto el estado cognitivo previo. Los pacientes no tenian criterios de demencia, los déficits
se mostraron en evaluaciones anuales e incluyeron participantes que mostraron defectos leves

en las AIVD.

A demas, clasificaron el DCL segln el grado de certeza diagndstica y el tipo etioldgico. EI DCL
probable lo formaba el grupo de pacientes que cumplia los criterios de DCL y a) los

participantes y sus familias aquejaron los problemas cognitivos del participante y b) no habia
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enfermedades neuroldgicas, psiquiatricas o sistémicas concomitantes que explicaran los

déficits cognitivos. El grupo de DCL posible estaba formado por los pacientes que cumplian los

criterios de DCL y a) ni ellos ni sus familiares aquejaron quejas cognitivas o b) habia otras

enfermedades concomitantes que podrian explicar los déficits cognitivos o c) la evaluacién fue

incompleta (es decir, habia menos de 5 evaluaciones neuropsicoldgicas con menos de 3

dominios evaluados siendo uno de ellos el dominio de memoria).(73) Estos criterios usados en

el CHS han sido adaptados y utilizados posteriormente por un grupo clinico de nuestro pais

(Fundacioé ACE) para la evaluacion de pacientes con DCL.(74)

Tabla 3: Criterios diagndstico de DCL segun diferentes autores y grupos.

Caracteristica explorada | Criterios Winblad y Criterios CHS Criterios ACE
Petersen

Quejas cognitivas + +/- +/-

Test cognitivo alterado + + +

AIVD levemente + + +

alteradas

Co-morbilidades +/- (incluye +/- (incluye +/- (incluye ansiedad,
enfermedad enfermedad depresion o ictus

psiquiatrica,
sistémica o
neurolégica

concomitante)

psiquiatrica,
sistémica o
neurolégica

concomitante)

concomitante)

Declive cognitivo
respecto evaluacién

cognitiva previa

+/-

+: tiene que estar presente. +/-: no es imprescindible que esté presente.
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El estudio clinico del individuo con quejas cognitivas (p.ej. pérdida de la memoria, dificultad en
sus quehaceres cotidianos o en sus relaciones con los otros, etc.) debe ser completo es decir,
se deben tener en cuenta enfermedades neuroldgicas, psiquiatricas y otras (metabdlicas, etc.)
que pueden causar la sintomatologia. Para la evaluacion cognitiva en caso de deterioro
cognitivo se deben escoger test neuropsicoldgicos que evalien un amplio abanico de dominios
cognitivos: memoria y aprendizaje, atencion, fluencia verbal y lenguaje, funcidn ejecutiva,

funcién visuoespacial y visuoconstructiva.

A.3.4. CONVERSION A DEMENCIA Y FISIOPATOLOGIA DEL DCL

La conversion a demencia que puede suceder hasta en un tercio de los pacientes con DCL es la
mas temible de sus consecuencias. Se estimd que la conversion a demencia se sita en torno al
10-15% anual en clinicas especializadas y alrededor del 6-10% en los estudios epidemiolégicos
realizados en la comunidad.(49) EI DCL también puede no evolucionar o revertir, lo ultimo
sucede en el 20-25% de los casos en estudios epidemioldgicos a medida que mejora o se
resuelve la causa que lo origind (p.ej. DCL asociado a trastornos del humor tipo depresién o

DCL asociado a insuficiencia cardiaca).(75, 76)

El DCL amnésico generalmente convierte a EA, mientras el DCL amnésico o no amnésico
multidominio puede evolucionar a DVa. (69) La gravedad del DCL es el factor clinico mas
destacado para el riesgo de conversién a demencia es decir, la gravedad del deterioro de la
funcién cognitiva y también la presencia de alteracidn en las AIVD mds complejas (control de

las finanzas, realizar la compra, acudir a citas, conducir) predicen la conversién.(77)

La mayoria de predictores se han descrito para la evolucion a la EA, la evolucion a DVa se ha
estudiado menos o se ha estudiado conjuntamente con el resto de demencias. Asi los
marcadores bioldgicos del LCR (niveles bajos de AB1-42, niveles elevados de tau y tau-

fosforilada elevadas y la ratio AB1-42/tau baja), poseer un alelo o dos E4 en el gen ApoE o
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tener una tomografia de emision de positrones (PET) marcados con un radioligando de

amiloide son los predictores mas importantes para conversion a EA.(78)

La conversion a DVa se ha relacionado con el acumulo de lesiones cerebrovasculares (ICS,
ictus, HSB).(44) De hecho, tanto su numero, localizacién como volumen de tejido afectado
predicen el deterioro cognitivo.(65, 66) También la HSB periventricular se asocid a un posterior

diagndstico de EA.(79)

Desde el punto de vista histoldgico las lesiones cerebrovasculares se pueden entremezclar con
las lesiones tipicas de la EA (acimulo de amiloide y acumulacién de agregados intracelulares
de proteina tau), lo cual sucede en el 25-50% de los casos.(80, 81) Podria existir una
interaccion y un efecto sinérgico entre las lesiones tipo EA y las lesiones cerebrovasculares ya
que el depdsito de amiloide en el vaso puede resultar en dafio vascular (p.ej. provoca
hemorragias) y la isquemia produce mayor acumulacién de amiloide.(82) A nivel clinico se
traduce en que el ictus aumenta el deterioro cognitivo en EA y se necesitan menos lesiones
neurodegenerativas en los pacientes con deterioro cognitivo vascular para manifestar

demencia.(80)

A.3.5. FACTORES DE RIESGO DE DCL

Los FRV no sdlo se han visto implicados en el DCL vascular y la DVa sino que también estdn
relacionados con la EA.(83) (84) Revisaremos aqui los FR que se han visto asociados con el DCL.
Los estudios en DCL son comparativamente mas escasos e incluyen muestras mas pequefias

que los realizados en personas con demencia.

Los FR para el deterioro cognitivo son similares y van en la misma direccién que los FR

explicados para el ictus, por lo tanto los resumiremos a continuacion.
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La fisiopatologia del DCL en ocasiones refleja los mismos mecanismos que producen el ictus,
p.ej. los ictus y los ICS producidos por la fibrilacion auricular pueden causar secundariamente

deterioro cognitivo. En el caso de otros FR la relacién no se explica de una forma tan directa.

lgual que en el ictus, para el deterioro cognitivo vascular conocemos una serie de FR no

modificables (edad, sexo, raza, factores genéticos) y otros modificables (el resto).

A.3.5.1. Factores no modificables

La edad hace que aumente la incidencia y prevalencia de DCL, sucede lo mismo para DVa y

EA.(84)

Respecto al sexo los resultados no son consistentes, aunque hay algunos estudios que

muestran una mayor predileccién del DCL por el sexo masculino.(73, 85)

La raza afroamericana tiene mds prevalencia de DCL segun el estudio multiétnico CHS.(86) No

obstante, esta cuestion no se ha valorado en la mayoria de estudios.

Entre los factores genéticos esta bien descrita la conversion a demencia tipo EA de aquellos
individuos con alelos E4 del gen de la ApoE.(78) Para la progresion a DVa no hay factores

genéticos bien descritos.

A.3.5.2. Factores modificables

La baja educacion se ha asociado a DCL en la mayoria de estudios pero no en todos.(85, 87)

La hipertension es el FRV mds estudiado.(88, 89) (90) Sobretodo la hipertension sistélica en
edades medias de la vida se ha relacionado con el DCL y la demencia posteriores.(91, 92) En
cambio, en personas de edad avanzada es la hipotension, especialmente la hipotension

sistdlica, la que se relaciond con el deterioro cognitivo y la demencia.(84, 92)
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Se crey6 que el control de la PA y tratamiento de la HTA podria disminuir la incidencia de
demencia. No obstante los ECA con anti-hipertensivos no han confirmado suficientemente la

hipétesis de que lograr un mejor control de las cifras de PA mejore la funcidn cognitiva.

Cuatro ECA con diferentes clases de hipotensores reportaron que no habia un efecto sobre Ia
funcién cognitiva o la demencia.(93-96) Otro presenté un efecto beneficioso con un inhibidor
de los canales de calcio (nitrendipino vs. tratamiento estandar) sobre el riesgo de demencia (la
mayoria EA) en 32 casos incidentes de demencia. Posteriormente, en la fase abierta del
estudio, con casi 4 afios de seguimiento y 64 casos incidentes, se confirmd el resultado y
aquellos que habian recibido nitrendipino tenian menor riesgo de demencia (HR=0.38, IC 95%

0.23,0.64), incluyendo demencia mixta y DVa.(97)

Estos ECA han tenido diversas criticas metodoldgicas (seguimiento corto, escaso nimero de
casos incidentes de demencia, diferente metodologia de estudio de la funcién cognitiva, etc.)
que hacen que los resultados se tengan que interpretar con cautela. También debido a estas
limitaciones los diversos meta-andlisis tienen alta heterogeneidad, los resultados no son
robustos y han arrojado una reduccién no significativa del 11 al 20% para demencia para los
hipotensores. (84) Cuando se estratificd estos ECA en funcién de las clases de hipotensores, se
mostré que la incidencia de demencia era menor en aquellos en que se consiguen menores
cifras de presion arterial (diuréticos o un inhibidores de los canales de calcio

dihidropiridinico).(98)

No obstante, la asociacion entre HTA y déficits cognitivos especificos no es tan robusta como lo
encontrado respecto a la enfermedad cerebrovascular. Es probable que la reserva cognitiva
cerebral explique en parte la compensaciéon funcional que presentan los hipertensos, pero la
explicacion es incompleta. Probablemente entre los hipertensos habra un grupo de mayor

riesgo de disfuncién cerebral, podrian ser aquellos con mas HSB, en los cuales la progresion de
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las HSB se ha mostrado mas acelerada, y en los que el tratamiento de la HTA ha sido mas

beneficioso como se mostrd en el grupo de tratamiento del ECA PROGRESS.(99)

La rigidez arterial se ha relacionado con una peor funcién cognitiva, DCL y con la aparicion de
demencia en algunos estudios.(100) Resulta de la pérdida progresiva de elastina y el aumento
de colageno en la pared del vaso junto con otros cambios (que originan arterioesclerosis).(101)
Estd estrechamente relacionada con la presidn arterial (PA) y se puede medir de manera

indirecta en las arterias centrales (Aorta, cardtidas) y arterias periféricas de las extremidades.

Se considera un predictor independiente de infarto cerebral (102) y también puede tener un
papel en la EPVC.(103, 104) La rigidez arterial causa microangiopatia de los pequefios vasos
cerebrales, la cual favoreceria la hipoperfusidon y la aparicion de HSB, que podran estar
relacionadas con la pérdida de determinadas funciones cognitivas y finalmente con el

deterioro cognitivo.(63, 105)

La hiperglucemia, la resistencia a la insulina, el sindrome metabdlico y la diabetes se han
asociado con una peor funcidn cognitiva.(84) No obstante, la hipoglucemia recurrente también
se ha asociado a deterioro cognitivo permanente. La diabetes se asocié con un mayor riesgo de

DCLy también de DVay EA.(85, 106)

La hipercolesterolemia en edades medias de la vida es un predictor de DCL (también de DVay
EA).(107) En cambio, en edades avanzadas los resultados son contradictorios, tanto la
hipercolesterolemia como la hipocolesterolemia (que marca un mal estado nutricional) se

asociaron a la demencia.

No obstante, el tratamiento con estatinas ha producido resultados contradictorios en cuanto a
la preservacién o deterioro de la funcidon cognitiva en los estudios observacionales, el cual

podria atribuirse al efecto generacional (el tratamiento con estatinas en gente actualmente
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anciana fue menor que en gente de mediana edad). Los ECA tampoco mostraron diferencias

significativas entre los grupos en tratamiento con estatinas y los grupos no tratados.(108, 109)

La obesidad también se ha relacionado con el DCL cuando se midid con el indice cintura-
cadera.(85, 110) De manera similar a otros FRV, un elevado IMC mostrd relacion con el
deterioro cognitivo en edades medias de la vida mientras en edades tardias fue el bajo IMC el

que se relaciond con el deterioro cognitivo, la EAy la DVa.(111, 112)

El consumo excesivo de alcohol se ha relacionado con el DCL aunque el consumo moderado
podria tener un efecto protector.(90) Un estudio en la comunidad mostré como la relacidn con
el DCL tiene una forma de “U” (es decir, el riesgo fue el doble para los que eran abstemios o los

de mayor consumo respecto los de consumo moderado).(113)

El tabaquismo se ha relacionado con el declive cognitivo de determinadas funciones cognitivas
y la aparicion de demencia, pero con el DCL los resultados son escasos y no consistentes.(84,

114)

Existe alguna evidencia de que la dieta de tipo Mediterraneo puede ser un factor protector

para DCL y conversion a EA.(115)

La actividad fisica ha mostrado en diferentes estudios que es beneficiosa para evitar el declive

cognitivo y la DVa. La frecuencia y el tipo de actividad fisica no estan establecidos.(84)

La depresion estd también asociada al DCL.(116, 117) En poblacién general, la asociacién entre
sintomas depresivos y DVa es controvertida, en cambio en series clinicas se observd que los
individuos con depresién de inicio en el adulto tienen mas HSB.(118) Algunos sintomas de la

depresion pueden revertir con tratamiento y entonces la cognicién mejora.(119)

A.3.6. PREVENCION DEL DETERIORO COGNITIVO VASCULAR
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Las ultimas guias sobre deterioro cognitivo vascular establecen las siguientes medidas

preventivas:(84)

En edades medianas de la vida disminuir los niveles de presion arterial previenen la aparicion

de demencia en el futuro (clase lla, nivel B).

La dieta mediterranea y el ejercicio fisico podrian disminuir el deterioro cognitivo (clase llb,

nivel B).

La efectividad de tratar la hiperglicemia/diabetes y la dislipemia para evitar la demencia no

estan bien establecidas (clase llb, nivel C)
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B. OBJETIVOS

1) Diseflar un estudio observacional en hipertensos para investigar cudl es la prevalencia de

lesiones vasculares cerebrales silentes y de Deterioro Cognitivo Ligero en nuestro medio.

2) Definir la prevalencia de lesiones cerebrovasculares silentes (infarto cerebral silente y
espacios perivascular dilatados) en hipertensos espafioles, sus factores de riesgo vascular,

localizacién y su relacién con la afectacién de érgano diana de la hipertension.

3) Estudiar la prevalencia de los infartos corticales pequefios, su localizacién y factores de

riesgo y su relacion con la funcién cognitiva en poblacion general.

4) Disefar y describir un protocolo de estudio para la evaluacidn cognitiva de una poblacion

espafola hipertensa.

5) Definir la prevalencia de Deterioro Cognitivo Ligero, sus factores de riesgo asociados y su

relacidn con las lesiones cerebrovasculares silentes.

6) Estudiar la relacion de la rigidez arterial con la funcion cognitiva y el Deterioro Cognitivo

Ligero en hipertensos.

45



C. METODOLOGIA

En este apartado se describird brevemente la metodologia de las dos poblaciones de estudio

que forman parte de esta Tesis Doctoral.

C.1. METODOLOGIA DEL ESTUDIO ISSYS (Investigating Silent Strokes in hYpertensives, a

magnetic resonance imaging Study)

C.1.1. OBJETIVOS GENERALES DEL ESTUDIO ISSYS

Los objetivos generales del estudio ISSYS son estudiar la prevalencia e incidencia de las
lesiones cerebrovasculares silentes (especialmente el infarto cerebral silente) y del deterioro

cognitivo en la poblacién hipertensa de Barcelona.

Para lograr estos objetivos se realizd una estimacién del tamafio de la muestra necesario para
obtener un 10% de infartos cerebrales silentes con un intervalo de confianza del 95% y una
precisién del 2% (n=865). Se decidié incluir un 20% mds de pacientes para no perder potencia
estadistica a causa de la potencial pérdida de participantes, alcanzandose un tamafio muestral

final de 1037 sujetos.

C.1.2. DISENO DEL ESTUDIO ISSYS

Esta Tesis describe los resultados obtenidos en el corte transversal de este estudio
observacional realizado en individuos hipertensos entre 50 y 70 afos de edad, sin
antecedentes de ictus o demencia provenientes de los centros de atencidon primaria que
dependen de nuestro Hospital terciario. El drea sanitaria corresponde al area Norte de la
ciudad de Barcelona (SAP Muntanya) donde se contabilizan 27000 pacientes con HTA en
edades comprendidas entre 50 y 70 afos. Para la seleccidn de los participantes del estudio, se
suministré a los médicos de familia de 14 Centros de Atencidn Primaria listados con sus

pacientes elegidos tras muestreo aleatorio y estratificados por prevalencia de HTA segln edad
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y sexo. Dichos profesionales realizaron una seleccién mediante revisidon de historia clinica de

aquellos que cumplian los criterios de inclusién y exclusién del estudio.

La Figura 5 muestra la situacion geografica de los Centros de Atencion Primaria.

' LOCALIZACION GENTRDS PARTICIFANTES |

: @) centre d'atencis primira Roquetes-Canteres
(&) @3 centre d'stencid Primbria sant Andreu

@B ceatre datends Primadia Horta @) centre datendis primada Turs

. Centre & alencit Primiria fio de laneir (@8 centre @'stencio Primaria Sanliehy

Figura 5: Mapa de la zona norte de Barcelona donde se indican los centros de Atencion

Primaria participantes en el estudio ISSYS.

Los pacientes seleccionados fueron invitados a participar en el estudio por via telefénica. En la
visita presencial se comprobd si los pacientes cumplian los criterios de inclusion y no de

exclusidn. La Figura 6 muestra la seleccidn de los pacientes del estudio ISSYS.
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Figura 6: Diagrama de la seleccidn de los participantes del estudio ISSYS.

Los criterios de inclusion fueron:

v Edad entre 50 y 70 afios.
v Tener HTA esencial diagnosticada al menos desde hace un afio.
v' Firmar el consentimiento informado.

Los criterios de exclusion fueron:

v" Tener un ictus o demencia previos.

v" Tener contraindicacién para realizarse una Resonancia Magnética cerebral.

v’ Existir sospecha de sindrome de bata blanca.

v Tener una neoplasia u otra enfermedad concomitante que limite la esperanza
de vida a corto plazo.

C.1.3. VISITA BASAL DEL ESTUDIO ISSYS

La visita basal del estudio constd basicamente de una recogida de datos clinicos incluyendo

antecedentes de enfermedades vasculares y otras, recogida de farmacos y cumplimiento

48



terapéutico, medicién de presidn arterial y variables antropométricas, un estudio vascular
periférico de rigidez arterial, monitorizacién de la presidon arterial ambulatoria, evaluacion
cognitiva y Resonancia Magnética cerebral (RM). Ademas se recogieron fluidos organicos

(sangre, orina) para el estudio de biomarcadores.

En el apartado de resultados de esta tesis se presenta el protocolo general del estudio ISSYS,

con la descripcidon detallada de todos los procedimientos.

C.1.4. EVALUACION COGNITIVA EN EL ESTUDIO ISSYS

En la primera visita y como evaluacion de cribado cognitivo se usé una adaptacién al castellano

del test Dementia Rating Scale-2 (DRS-2).

La DRS-2 es un test dividido en 5 subtest (que evalian atencion, memoria,
iniciacidon/perseveracion, construccidon y conceptualizacidn), cuya puntuacién total va de 0 a
144 puntos. Los datos obtenidos en la DRS-2 se transformaron a puntuaciones escalares
ajustadas por edad y escolaridad segin un método de normalizacién propuesto por el grupo
de investigacion MOANS (Mayo Older American Normative Study). Los resultados de la
normalizacién de los datos de la DRS-2 en castellano forman parte de los resultados de esta

tesis doctoral.

Una puntuacion ajustada por edad y escolaridad < a 8 puntos escalares es sugestiva de la
presencia de deterioro cognitivo.(120) En el estudio ISSYS, estos pacientes fueron invitados
nuevamente a una visita cognitiva en la que se pretendia asignar el diagndstico de DCL o

envejecimiento cognitivo normal (ECN).

En esta segunda visita cognitiva, se realizé una evaluacién por parte de una neurdloga la cual
realizd una anamnesis dirigida a quejas cognitivas y de comportamiento, se administré un test
de ABVD i AIVD, un test de depresidn y se realizd una exploracion fisica y neuroldgica estandar.

Ademas una neuropsicdloga les administré una bateria cognitiva que estudié los dominios de
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memoria y atencidn, funcidon ejecutiva, funcién visuoespacial, lenguaje y fluencia verbal y

praxias. Se puede ver el nombre de los test y las funciones que evallan en la Tabla 4.

En el apartado de resultados de esta tesis se describen de forma detallada el protocolo

cognitivo del estudio.

C.1.5. CRITERIOS DIAGNOSTICOS DE DCL

Como se comentd en el capitulo introductorio, los diferentes grupos de investigaciéon han
modificado los criterios clinicos de DCL para adaptarlos al contexto de los estudios
epidemioldgicos. En nuestro caso adaptamos los criterios de Petersen-Winblad y del CHS de

forma similar a como lo hizo un grupo clinico de la Fundacion ACE.(73, 74)

Asi, clasificamos los pacientes en funcién de que tuvieran unos resultados normales o
anormales en los test cognitivos elegidos (ver Tabla 4 para los test cognitivos usados) y
consideramos que un dominio estaba alterado cuando obtuvieron malos resultados en 2 0 mas
test de ese dominio (generalmente, la puntuacién obtenida en cada uno de los test era < -1.5

DE de su grupo normativo).

Se clasificé como DCL a aquellos sujetos que tenian alterados uno o mdas dominios cognitivos y
tenian quejas cognitivas del mismo/s dominio/s expresadas por ellos o el familiar y no tenian
una enfermedad concomitante que pudiera explicar el cuadro clinico. También fueron
clasificados de DCL aquellos que tenian alteracidon en uno o mas dominios y a) no tenian quejas
consistentes con el dominio/s afectos o b) existia una enfermedad psiquiatrica (depresion o
ansiedad) concomitante. Estos dos grupos equivalen al DCL Probable (el primero) y al DCL
posible (el segundo) de los criterios del CHS y la Fundacién ACE. No obstante los analisis no se

muestran por subgrupos al ser ambos de pequeio tamafio.

C.1.6. RM CEREBRAL EN EL ESTUDIO ISSYS
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Se practicd una RM cerebral a todos los participantes del estudio ISSYS, excepto a aquellos que
presentaron contraindicaciones para la técnica (mayoritariamente claustrofobia o tener piezas

de metal desconocidas previamente). Finalmente 976 individuos tuvieron RM validas.

La RM se realizd para todos los pacientes en el mismo resonador en el mismo centro externo.

Las caracteristicas de la RM se explican en los resultados del estudio.

Se definid los ICS como lesiones de tamafo = 3mm, con las mismas caracteristicas que el LCR
en las diferentes secuencias y con un halo hiperintenso de gliosis alrededor de la lesién en la

secuencia FLAIR.

Los EPVD fueron definidos como lesiones de < 3mm, bien delineadas, ovales o lineales
dependiendo de la localizacién, en ganglios de la base (aunque las lesiones en la parte baja de
los ganglios de la base fueron descartadas por su dificil diagndstico diferencial con los ICS) y
centro semioval y con las mismas caracteristicas de sefial en RM que el LCR, sin halo de gliosis.
Se contaron el nimero de espacios por localizacién entre 0 y 40 y se considerd el nimero de
espacios en el lado con mas lesiones.(37) Después se clasificaron los EPVD en las dos

localizaciones en EPVD extensos si habia mas de 10 lesiones y no extensos si habia < 10.(121)

Las HSB se clasificaron con la escala de Fazekas que ha sido utilizada en multiples estudios.
(122) Se definieron como lesiones hiperintensas en T2 localizadas en la sustancia blanca
profunda o periventricular. También se clasificaron en las diferentes localizaciones como
lesiones extensas cuando tenian grado > 2 (a nivel profundo se refiere a tener lesiones
confluentes y a nivel periventricular equivale a tener lesiones que se extienden hacia las areas

profundas) y no extensas cuando tenian grado 0 o 1.

C.1.7. ESTUDIO DE LA RIGIDEZ ARTERIAL EN EL ESTUDIO ISSYS

La rigidez arterial se estudié en la clinica con las mediciones de la Presion de Pulso (PP) y la

velocidad de la onda de pulso carétido-femoral y de manera ambulatoria con la medicién de la
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PP durante 24 horas y en los periodos de dia, noche y 24 horas. Se usaron aparatos

oscilométricos para la adquisicidn de las medidas.

Para la medicion de la PP clinica se usé el mismo aparato de medicidon de la PA (OMRON M6
confort) en todos los pacientes, las mediciones de PA se hicieron después de estar al menos 5
minutos en reposo. La PP se calculéd como la diferencia entre la PAS y PAD medias de las 3
ultimas determinaciones. Para la PP ambulatoria se usaron aparatos de medicién de la PA
ambulatoria (Spacelabs 90217-5Q) con registro de 24 horas. Se calculd la PP de 24 horas,
nocturna y diurna realizando la resta de la PAS media-PAD media para cada periodo. Para
medir la velocidad de la onda de pulso cardtido-femoral se usé un aparato automatico
(VICORDER) en posicién supina. Se situaron dos manguitos superficiales uno a nivel de la
arteria cardtida derecha (media la onda de pulso carotideo) y otro a nivel de la arteria femoral
derecha (media la onda de pulso femoral) y se midié la distancia entre la escotadura yugular y
el centro del manguito femoral (como se indica en la Figura 7). Se hincharon los manguitos por
encima de 60 mm Hg y se obtuvieron al menos 10 latidos simultdneos. El aparato usa un
algoritmo para calcular la velocidad de la onda de pulso en base a la distancia introducida y el

tiempo de transito de la onda.

Figura 7: Posicion de los manguitos carotideo y femoral y medicién de la distancia entre ellos

para la evaluacioén de la velocidad de la onda de pulso carétido-femoral.

Tomada de http://www.smt-medical.com/en/products/vicordercardio-and-peripher-vascular-

testing.html
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C.2. METODOLOGIA DEL ESTUDIO ROTTERDAM
C.2.1. DISENO DEL ESTUDIO ROTTERDAM. OBJETIVOS GENERALES

Es un estudio poblacional prospectivo que se inicid en una cohorte de 7.983 individuos (78%
de los invitados) mayores de 55 afos (sin limite de edad superior) y que vivian en el distrito
Ommoord de la ciudad de Rotterdam (Paises Bajos). Después de un estudio piloto en 1989, al
siguiente afo empezod el reclutamiento del estudio Rotterdam. El estudio se amplié con mas
participantes en dos ocasiones: en el aino 2000 con 3.011 participantes de las mismas
caracteristicas que la cohorte original y en 2006 se amplié con 3.932 participantes de 45-54
afios del mismo distrito. Finalmente, 14.926 individuos fueron incluidos en el estudio con una
tasa de respuesta global del 72% (de 20.744 invitados, 14.926 aceptaron).(123) La Figura 8
muestra las diferentes cohortes y sus visitas en orden cronoldgico.
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Figura 8: Diagrama de las cohortes y visitas realizadas en el estudio Rotterdam. Tomada de

Hofman et al., 2014.(123)
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Los objetivos principales del estudio son estudiar las principales enfermedades y estados
clinicos asociados al envejecimiento siguiendo técnicas actuales. El énfasis sobre todo se puso
en estudiar con técnicas de imagen el envejecimiento de corazdn, vasos sanguineos, esqueleto
y después el encéfalo y recoger fluidos corporales para estudiar biomarcadores moleculares y
genéticos. Los participantes acuden cada 3-4 afios al centro especialmente disefiado para el

estudio para realizar las visitas.

Los objetivos de la parte de neurologia del estudio son averiguar la frecuencia, etiologia y el
reconocimiento temprano de las enfermedades mas frecuentes en el envejecimiento
(demencia tipo EA y enfermedad de Parkinson, ictus isquémico y hemorragico) y
recientemente estudiar la polineuropatia y la migrafia. Ademas tienen un interés especial en el
estudio de las causas y las consecuencias de la enfermedad neurolégica preclinica. Los estudios
no son invasivos y consisten en test neuropsicoldgicos, RM cerebral, estudio del equilibrio y

electromiograma.

C.2.2. ESTUDIO DE LA FUNCION COGNITIVA Y DE RM CEREBRAL EN EL ESTUDIO ROTTERDAM

La funcion cognitiva global se estudié en todas las visitas con el Mini Mental State Examination

(MMSE).(124)

Desde la tercera visita de la cohorte original (afio 1997) se incluyeron diferentes test para
estudiar con mayor detalle la funcién ejecutiva y memoria: Test de Stroop, Tarea de
sustitucion de letras y digitos (en inglés, Letter Digit Substitution Task —LDST-), un test de
fluencia verbal (Word Fluency Test -WFT-) y un Test de aprendizaje de listado de 15 palabras
(Word Learning Test —WLT-). A partir de la cuarta visita de la cohorte original (afio 2002) se
amplid la bateria neuropsicoldgica con la inclusién del estudio de la funcién motora con el test
de Purdue (Purdue Pegboard Test) y a partir de la quinta visita (afio 2009) se afiadid el Design

Orientation Test para estudiar la orientacion visuoespacial.(123) En la Tabla 4 se comparan las
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funciones cognitivas exploradas y los test neuropsicoldgicos usados en los estudios Rotterdam

y ISSYS.

Aquellos individuos con MMSE<26 o con Geriatric Mental Schedule>0 se les realiza un estudio
de deterioro cognitivo mas completo que incluye el Cambridge Examination of Mental
Disorders y la entrevista con el informador. Un grupo de consenso realiza finalmente el

diagnéstico de demencia.

La RM cerebral empezo a realizarse en dos grupos elegidos al azar en 1991 (en 111 individuos
para el estudio de HSB) y en 1995 (en 563 individuos no dementes). Desde la segunda visita de
la primera expansion de la cohorte en 2005 todos los participantes son evaluados por RM en

cada visita.

El resonador tiene 1.5 Teslas y no se han hecho ampliaciones de hardware/software durante el
tiempo del estudio. Se obtienen secuencias potenciadas en T1, T2, densidad protdnica (DP),
FLAIR, T2* (o ECO GRAD), difusidn (DWI), etc. y mas recientemente tensor de difusién (DTI) sin

espacio entre los cortes.(123)

Se definid el infarto cortical como lesiones de la sustancia gris supratentorial, hipointensas en
T1, hiperintensas DP y con un halo de gliosis alrededor en FLAIR. Se consideraron en base a su
tamafio medio como lesiones grandes si tenian un didmetro de pérdida de tejido > 15 mm vy

pequefias si <15 mm.
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Tabla 4: Funciones cognitivas estudiadas y test empleados en el estudio ISSYS y en el estudio

Rotterdam.

Funcidn Cognitiva | ISSYS Estudio Rotterdam

Global DRS-2 MMSE
*Cambridge Examination of Mental
Disorders

Funcién ejecutiva | *Test de Fluencia Verbal Test de Fluencia Verbal

(atencion,
lenguaje,

inhibicion de la
respuesta,
velocidad de

procesamiento)

*Test de colores y palabras de Stroop

*Test de fluencia categorial fonética

(COWAT)

*Test del trazo (Trial making Test)

Test de colores y palabras de Stroop
Tarea de sustitucion de letras y

digitos

Funcién motora

Test de Purdue Pegboard

Praxias *Gesto simbdlico del test Barcelona
*Imitacidon de posturas y secuencias del test
Barcelona
Memoria *Test de aprendizaje audio-verbal de Rey Test de aprendizaje de listado de 15
*Reproduccion visual | y 1l de la Weschler | palabras
Memory Scale
Visuoespacial y | Test de copia y dibujo del reloj Design Orientation Test
perceptiva Test del diseiio de cubos del WAIS IlI

* Test administrado en aquellos individuos en los que se sospecha deterioro cognitivo.

C.3. ANALISIS ESTADISTICOS
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En la estadistica descriptiva se analizé la normalidad de las variables continuas con el test de
Kolmogorov-Smirnov y se expresaron las variables categéricas en nimeros y porcentajes y las
continuas en media y DE o mediana y rango intercuartilico dependiendo de su distribucién. En
los analisis univariantes, las diferencias intergrupos para datos categdricos se analizaron con x2
o test exacto y para variables continuas con test t, ANOVA, Mann-Whitney U o Kruskal-Wallis.
La correlacién entre datos continuos se analizd con el test de Pearson o de Spearman

dependiendo de su distribucion.

En los anadlisis multivariantes se usaron regresiones lineales cuando la variable respuesta era
continua y regresiones logisticas cuando la variable era dicotémica. Se usaron regresiones
multinomiales cuando la variable respuesta fue categdrica ordinal y analisis de covarianza
cuando la variable repuesta fue continua y los predictores categdricos y continuos. Como
covariables se usaron aquellas variables que habian mostrado significacion estadistica con la
variable respuesta y/o variables extraidas de la literatura que habian mostrado relacidn con la

variable respuesta.

Los valores de p<0.05 se consideraron estadisticamente significativos. Los andlisis se realizaron

usando el paquete estadistico SPSS versiones 15, 17 y 19.
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D. RESULTADOS. COPIA DE LAS PUBLICACIONES

D.1 Investigating silent strokes in hypertensives: a magnetic resonance imaging study
(ISSYS): rationale and protocol design. BMC Neurol. 2013 Oct 2;13:130.
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Abstract

Background: Silent brain infarcts are detected by neuroimaging in up to 20% of asymptomatic patients based on
population studies. They are five times more frequent than stroke in general population, and increase significantly
both with advancing age and hypertension. Moreover, they are independently associated with the risk of future
stroke and cognitive decline.

Despite these numbers and the clinical consequences of silent brain infarcts, their prevalence in Mediterranean
populations is not well known and their role as predictors of future cerebrovascular and cardiovascular events in
hypertensive remains to be determined.

ISSYS (Investigating Silent Strokes in Hypertensives: a magnetic resonance imaging study) is an observational cross-
sectional and longitudinal study aimed to: 1- determine the prevalence of silent cerebrovascular infarcts in a large
cohort of 1000 hypertensives and to study their associated factors and 2-to study their relationship with the risk of
future stroke and cognitive decline.

Methods/Design: Cohort study in a randomly selected sample of 1000 participants, hypertensive aged 50 to

70 years old, with no history of previous stroke or dementia.

On baseline all participants will undergo a brain MRI to determine the presence of brain infarcts and other
cerebrovascular lesions (brain microbleeds, white matter changes and enlarged perivascular spaces) and will be also
tested to determine other than brain organ damage (heart-left ventricular hypertrophy, kidney-urine albumin to
creatinine ratio, vessels-pulse wave velocity, ankle brachial index), in order to establish the contribution of other
subclinical conditions to the risk of further vascular events. Several sub-studies assessing the role of 24 hour
ambulatory BP monitoring and plasma or genetic biomarkers will be performed.

Follow-up will last for at least 3 years, to assess the rate of further stroke/transient ischemic attack, other
cardiovascular events and cognitive decline, and their predictors.

Discussion: Improving the knowledge on the frequency and determinants of these lesions in our setting might
help in the future to optimize treatments or establish new preventive strategies to minimize clinical and
socioeconomic consequences of stroke and cognitive decline.
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Background

Hypertension is the most important modifiable vascular
risk factor for stroke and it is commonly widespread in
the aging population.

For a long time, treatment for hypertension has been
focused on blood pressure (BP) levels as the main mea-
sure to determine the need and type of treatment. This
approach has changed over the past years, emphasizing
that diagnosis and treatment should be based on the
quantification of global cardiovascular risk. According to
the European guidelines on hypertension [1], common
variables used to stratify risk are based on the presence
of vascular risk factors (family history of premature car-
diovascular disease, smoking habits, glucose and lipid
parameters) plus further identification of clinical or sub-
clinical target organ damage. Hypertension-related dis-
ease in several organs might indicate progression and
markedly increase the risk beyond that caused by the BP
levels or risk factors presence.

Since evidences advise for different goals of treatment
in high risk individuals as compared with lower risk hy-
pertensives [1], whenever possible, it is recommended to
measure target organ damage in different tissues (i.e.
heart, blood vessels, kidney and brain) because multiorgan
damage is associated with worse prognosis [2]. Many
different markers have been already described, such as
electrocardiographic/echocardiographic markers, intima
media thickness, pulse wave velocity as a marker of arter-
ial stiffness or markers of endothelial dysfunction, among
others, that can be useful identifying target organ damage.
The main limitations are of course, costs and availability
of diagnostic procedures and particularly for subclinical
conditions, there is still limited knowledge on their pre-
dictive capacity for risk evaluation.

Regarding brain as hypertension target organ, subclin-
ical or “silent” vascular brain lesions (i.e. infarcts, micro-
bleeds, white matter changes) are often detected by
neuroimaging in asymptomatic patients. Specifically,
silent brain infarcts are five times more frequent than
stroke in general population, and increase significantly
both with advancing age and hypertension [3]. The term
“silent” might not be entirely appropriate since these
lesions could be often associated with unnoticed or sub-
tle symptoms in patients that never asked for an evalu-
ation, making impossible a diagnosis of stroke. The
prognosis associated with these “silent” infarcts is not
favourable at all, and their presence independently pre-
dicts further stroke and cognitive decline [4,5]. For all
these reasons, silent brain infarcts have been recently
included in the AHA Updated definition of stroke, thus
emphasizing their clinical relevance [6]. This will have
important consequences in public health, as it is
expected to largely increase stroke prevalence. Moreover,
their detection might have the potential to improve the
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selection of patients at higher risk for future stroke and
cardiovascular events, who might benefit from more
aggressive preventive treatments.

Hypertension has been related not only to the pres-
ence of silent vascular brain lesions but to the appear-
ance of new lesions on follow-up, which can occur in up
to 40%, considering progression of white matter changes
[7]. Interestingly, this effect on progression is much
more relevant at younger or midlife patients than later
on [7,8]. Therefore, preventive strategies should pay
much more attention to younger subjects, who are likely
to have long term exposure to an increased risk in the
following years [1].

Studies focusing on hypertensive participants have been
performed, and reported a prevalence of silent brain
infarcts that ranges from 20 to 86% of subjects aged 40 to
88 years old. Of note, most of these studies have included
mainly Japanese populations, whereas data on Mediterranean
Caucasian populations is still limited [7].

With this background, the ISSYS is designed as a
cross-sectional and longitudinal study aimed to: (1) in-
vestigate the prevalence of silent cerebrovascular lesions,
as signatures of brain organ damage, in a cohort of mid-
dle and advanced aged (50-70 years old) caucasian
Mediterranian hypertensives and (2) to study their rela-
tionship with the risk of future stroke and cognitive
decline.

Methods/Design

ISSYS (Investigating Silent Strokes in Hypertensives: a
magnetic resonance imaging study) is an observational
cross-sectional and longitudinal study aimed to deter-
mine the prevalence of silent cerebrovascular lesions in
a large cohort of hypertensives and to study their associ-
ated factors.

On baseline all participants will be also tested to deter-
mine other than brain (vascular, kidney, heart) organ
damage, in order to establish the contribution of other
subclinical conditions to global vascular risk.

Follow-up is planned to last for at least 3 years, to assess
the rate of further Stroke/TIA and cardiovascular events
as well as cognitive impairment, and their predictors.

Subject selection

The basic design of ISSYS is a cohort study among
87000 persons aged 50 to 70 years old and living in the
district of the north metropolitan area of Barcelona
(SAP Muntanya). This site was chosen for several rea-
sons. First, in the Primary Healthcare system there is a
computer-based registry for all patients in this area who
mainly attend these services rather than other private
options. Second, the study is coordinated between the
Primary HealthCare services in this area and the re-
searchers from Research Institute and Vall d’Hebron
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Hospital, which is the public health tertiary reference
centre for this area.

The study is carried out in patients diagnosed of es-
sential hypertension who are routinely attended by gen-
eral practitioners. According to the registry, around
27000 participants could be eligible for the study, since
they are hypertensives and stroke-free and have been
randomized after stratification by age, gender and preva-
lence of hypertension covering all the area.

After randomization, patients have been invited by
phone to participate in the study and scheduled for a
baseline evaluation at their own Primary Care centre.

Estimated sample size will be 1000 participants, who
will be enrolled during 18 months and then participants
will be followed-up, for at least three years.

The study protocol has been approved by the Ethics
Committee of Vall d'Hebron Hospital and IDIAP Jordi
Gol (University Research Institute in Primary Care).

Baseline visit and procedures

Inclusion and exclusion criteria

At inclusion visit, fulfilment of inclusion and exclusion
criteria is re-assessed by investigators. Briefly, inclusion
criteria consists on: 1)Patients with essential hyperten-
sion diagnosed at least one year earlier; 2) Age com-
prised between 50 and 70 years; 3) Patients who give
their consent to participate in the study.

Patients are excluded when: 1) they have history of
previous stroke or dementia; 2) Brain MRI is contraindi-
cated; 3) there is a suspicion of white coat hypertension
syndrome or 4) patients affected by a terminal illness
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preventing future follow-up examinations, based on the
investigator criteria.

A particular effort is made to rule out the presence of
a previous stroke, and for that purpose investigators are
trained and an adaptation of the Stroke Symptom Ques-
tionnaire by Berger K and collaborators is used [9].

Likewise, when a suspicion of dementia appears, fol-
lowing DSM-IV-R criteria [10] the patient is not in-
cluded in the study and a proper evaluation in the
presence of a caregiver is therefore recommended.

Clinical data collection
All procedures for baseline and follow-up visits are sum-
marized in Figure 1.

After inclusion, the participant is asked about demo-
graphical and personal medical history. Briefly, demo-
graphical information includes age, gender, ethnicity,
current or former occupation, and the maximum educa-
tional level (or completed years of schooling) achieved
by the patient.

Regarding medical history, the participant is asked
about the duration of hypertension, the presence of
other vascular risk factors such as diabetes mellitus,
hyperlipidemia, alcohol intake (grams per week), smok-
ing habit (current, former, never) and family history of
premature vascular disease and dementia in first grade
relatives.

Also a directed questioning is performed to assess for
the existence of an established cardiovascular, kidney or
systemic disease, together with the history of retinal ab-
normalities or the presence of a sleep apnea syndrome.

Baseline visit Follow-up Follow-up Follow-up
H=1000 visit visit visit
(Year 1) (Year 2) (Year 3)
Procedures: :
*  Chinical data collection Pl'l:ll.‘.e.dl-ll'ES- )
«  Physical examination *  Clinkcal data collection
s Cf-PWV and ABI = Physical examination
+  Laboratory testing *  Cognitive testing (DRS-2)
*  Cognithve testing (DRS-2) .
+ MR Substudies
Nested case-control studies:
Substudies *  Follow-up MR
Nested case-control studies:
*  24:-hours ABPM
= Hiomarkers
Outcomes:
stroke/ TIA
3 Cardiovascular events
Outcomes: Cognitive decling
Qutcomes: Strokef TIA
Silent braininfarcts Cardiovascular events Incident Silent brain
and other silent lesions Cognitive decling infarcts
Figure 1 ISSYS procedures and outcomes for baseline and follow-up visits.




Riba-Llena et al. BMC Neurology 2013, 13:130
http://www.biomedcentral.com/1471-2377/13/130

Global vascular risk is calculated applying the SCORE
risk charts and Framingham-calibrated REGICOR func-
tion when appropriate [11,12].

Data concerning ambulatory and home blood pressure,
home medication and treatment adherence is collected.
To evaluate treatment adherence, the validated question-
naire published by Morisky and collaborators [13] is
used. Briefly, this scale was developed to assess treat-
ment compliance in hypertension and currently is used
in many other chronic conditions. It consists in 4 ques-
tions, with yes/no answers which should be asked along
the clinical interview, and reflect the patient’s attitude
towards treatment. It is useful to find out whether or
not the patient is a good complier and the causes for
non-adherence.

Finally, the clinical interview ends with two self-
administered questionnaires assessing life-style habits
(physical activity and diet). Physical activity is evaluated by
means of the International Physical Activity Questionnaire
(IPAQ) [14] and dietetic habits are evaluated with a short
questionnaire on frequency of dietary intake [15].

Physical examination and vascular testing

Regarding physical examination, some measures are
taken and recorded such as height, weight, waist circum-
ference and BP (mean of the last two out of three mea-
surements after five minutes rest).

Plus, a standard 12-lead ECG is performed to assess
for signs of left ventricular hypertrophy (single measure-
ment of R wave in aVL [16]) and heart rhythm disorders.

Afterwards, vascular testing is performed with the
Vicorder™ device (Skidmore Medical Ltd, Bristol, UK).
The Vicorder™ is small, portable, non-invasive and non-
operator dependent device suited for use in community
based studies [17]. This system provides two BP meas-
urement channels and two Photoplethysmography (PPG)
channels for the measurement of blood flow.

Briefly, two measurements are taken for each patient:
carotid-femoral pulse wave velocity (cf-PWYV) and the
ankle-brachial index (ABI).

Cf-PWYV is measured as the best approximation of aor-
tic pulse wave velocity (aPWV), a marker of arterial stiff-
ness. For the measurement, the patient should be resting
in a supine position, with the head and shoulders raised
by about 30 degrees allowing venous return from the
brain and avoiding signal contamination by the Jugular
vein. A neck-pad should be placed at the lower centre
part of the Right Common Carotid Artery as tightened
as possible without discomforting the patient. A distal
BP cuff should be located on the ipsilateral upper thigh,
as high to the groin as possible. The neck-pad and thigh
cuff are inflated by the Vicorder to 60 mmHg and then
deflated to obtain a pressure tracing. Cf-PWV is calcu-
lated by the Vicorder by comparing carotid and femoral
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pressure tracings after a stable pattern is obtained. Then,
cf-PWV is defined as the ratio of the distance between
the carotid and the thigh position and the time it takes
for the pulse wave to travel from the proximal to the
distal locations. For anatomical reasons, the distance
between suprasternal notch and the centre of femoral
cuff is chosen as the best estimation of the distance
between the two arterial sites.

ABI is measured according to the current guidelines of
the American Heart Association for each side as the
ratio of the highest systolic BP of each ankle and the
highest systolic BP of both upper limbs [18]. The lowest
of the right and left ABI values will be used.

In this case, systolic BP is determined by PPG, and as
it has been previously described [19]. PPG is a fast and
accurate technique and can be considered a good alter-
native to Doppler ABI measurement. Both sides can be
examined simultaneously. Briefly, a cuff is placed around
the limb of interest and a PPG signal is obtained distal
to the cuff. Then, the cuff is inflated to a pre-defined
target pressure and afterwards the cuff will automatically
bleed pressure and the PPG signal reappears when the
systolic BP is reached.

Cognitive assessment

On baseline, all patients will be evaluated by means of
the Dementia Rating Scale-2 developed by Mattis, which
is a screening tool for dementia and mild cognitive
impairment. Our complete cognitive assessment proto-
col on baseline and follow-up has been published in
detail previously [20].

Laboratory testing
A blood sample will be drawn after overnight fast where
the basic hematology (hemoglobine, leukocyte and platelet
count) and biochemistry profile (glucose, total cholesterol,
creatinine, sodium, potassium and liver function) are de-
termined. Also, plasma and serum will be obtained on
baseline visit after 15 minutes centrifugation (3500 rpm)
and frozen at —80°C for future biomarker determination.
DNA and RNA will be also obtained and stored for further
studies.

Finally, a urine sample will be collected and sent to
central laboratory for albumin to creatinine ratio (UACR)
determination.

Neuroimaging protocol

A brain MRI with a pre-stablish data acquisition proto-
col (Table 1) will be performed within the next month
after study entry. All examinations will be performed
with the same 1.5 Tesla MR (Signa HDx 1.5, General
Electrics, Waukeska, WI). MR will include axial and
sagittal T1 weighted images. Midline sagittal images will
be used to identify the anterior-posterior commissure
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Table 1 MRI parameters in the ISSYS
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Sequence Mode Time TR/TE Tl Number Slice thickness/gap (mm) FOV Matrix
of slices

Localizer 3D

SE SAG T1-w 2D 3:06 400/10 20 5/1.5 256 256x224

SE AX T1-w 2D 2:58 520/10 24 5/1.0 256 256x224

Propeller AX T2-w 2D 2:40 5500/125 20 5/15 256 448

AX FLAIR 2D 3:20 10000/120 2200 20 5/15 256 320x192

AX GRE 2D 1:55 675/18 20 5/15 256 288x224

SE Spin Echo, SAG Sagital, AX Axial, Propeller Periodically Rotated Overlapping Parallel Lines with Enhanced Reconstruction, FLAIR Fluid Liquid Attenuated Inversion
Recovery, GRE Gradient Echo, TR Repetition Time, TE Echo Time, FOV field of view, Matrix (Frequency x Phase).

line, along which all oblique axial images are aligned.
Also, Axial Propeller T2-weighted images, axial fluid-
attenuated inversion recovery (FLAIR) and axial GRE
images will be obtained. Images will be displayed on
workstations monitors to be evaluated by trained readers
blinded to patients’ characteristics. All images will be
primarily assessed by two neuroradiologists and in a sec-
ond term by the same readers plus an experienced
stroke neurologist. Intra and inter-reader concordance
will be provided for all lesions of interest and disagree-
ments in assessment will be solved by consensus.

Silent brain infarcts will be defined as previously [21]
as lesions of >3 mm in diameter in their widest dimen-
sion, with cerebrospinal fluid signal characteristics in all
pulse sequences, and with a hyperintense rim surround-
ing the lesion in FLAIR images. A particular effort will
be made to differentiate these cavitated lacunes from
large dilated perivascular spaces for lesions >3 mm,
based on location criteria. Lesions located in areas with
high prevalence of enlarged perivascular spaces, such as
the lower third of basal ganglia will not be considered as
infarcts. Anatomical localization for infarcts will be
recorded as cortical, subcortical, basal ganglia, brainstem
and cerebellum and number of lesions will be counted
in case of multiple lesions.

An additional analysis will be performed for lacunar
infarcts, defined as those of minimum 3 mm diameter
and maximum 20 mm, located at the basal ganglia, in-
ternal capsules, thalamus, deep cerebral white matter
and brainstem. An infarct located in the cortex, even if
it reaches the subcortex will be recorded as cortical.

White matter hyperintensities will be rated according
to the Age-related white matter changes (ARWMC)
scale developed by Wahlund and col [22] that assesses
presence and severity of white matter changes in the
frontal, parietooccipital, temporal, basal ganglia and
infratentorial areas separately in each hemisphere, ran-
ging from 0 to 30 points.

Enlarged perivascular spaces (EPVs) or Virchow-Robin
spaces will be defined as small (<3 mm), sharply delin-
eated structures of cerebrospinal fluid (CSF) intensity

following the course of perforating vessels and will be
rated in T2-weighted images at the centrum semiovale,
basal ganglia and midbrain following the scale reported
by Doubal and collaborators [23]. Briefly, for basal gan-
glia and centrum semiovale, the rating will be as follows:
0: Absent; 1: Mild (from 1 to 10 EPVs); 2: Moderate
(from 11 to 20 EPVs); 3: Frequent (from 21 to 40 EPVs);
4: Severe (more than 40 EPVs). For midbrain a rating of
0 will be considered when no EPVs is visible, and a rat-
ing of 1 when they are visible. For rating purposes, both
hemispheres will be considered separately and the
highest score of them will be chosen.

The presence of brain microbleeds, together with their
number and location will be recorded following the
Brain Observer Microbleed Scale (BOMBS) scale devel-
oped by Cordonnier and collaborators [24].

Representative MRI images for the lesions of interest
are shown at Figure 2.

Follow-up visits
The participants will be contacted yearly by phone, one
and two years after the inclusion visit. They will be asked
about BP control, appearance of new vascular risk factors,
and the presence of stroke/TIA or new vascular events. In
case of any event has occurred, this will be verified by
checking clinical records from their family doctors and
hospital records. Participants will also be asked about
medical treatment adherence using the same question-
naire performed at baseline and treatment adverse events.
Finally, three years after inclusion a new visit is
planned by the investigator’s team at the primary care
center where the patient belongs, when data relative to
new medical history and physical examination (blood
pressure, height and weight and waist circumference
measurement) will be collected, together with a new
cognitive assessment with the Dementia Rating Scale-2.

Preventive treatments during follow-up

After baseline visit is completed and MRI is performed,
primary care physicians will receive a summary with the
most relevant results for each participant. Family doctors
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changes (FLAIR MRI).

Figure 2 Representative examples of subclinical/silent cerebrovascular lesions. From left to right: Brain infarct affecting caudate nuclei
(FLAIR MRI), brain microbleed in left thalamus (GRE MRI), enlarged perivascular spaces involving basal ganglia (T2 MRI) and extensive white matter

will take care of vascular risk factor control, following
their routine practice. As for silent brain infarcts, since at
present there is no clear evidence of whether a secondary
stroke prevention should be applied to these patients and
until new information comes from randomized clinical
trials, recommendations will be to optimize BP control in
all cases as much as possible and considering start
antiplatelet treatment and/or cholesterol-lowering drugs
in cases with the estimated global vascular risk is high
(210 score in the Framingham-calibrated REGICOR
function) [1].

Study outcome
The primary outcomes of this study are the determin-
ation of the prevalence of silent brain infarctions and
other silent lesions (as described in the neuroimaging
protocol) and the presence and time to first-ever stroke
(fatal or non-fatal ischemic or hemorrhagic stroke) or
TIA. Stroke will be defined clinically as a focal neuro-
logical deficit thought of vascular origin, lasting more than
24 hours and confirmed by clinical evaluation and the use
of a brain CT scan or MRIL. TIA will be defined according
to the classical definition, as an acute focal neurologic
deficit due to cerebral ischemia that resolves completely
within 24 hours, regardless of neuroimaging findings.
Other cardiovascular events will be analysed as sec-
ondary events: coronary events (myocardial infarction,
angina requiring hospitalization, coronary angioplasty or
surgery); cardiac failure requiring admission to hospital;
vascular complications (lower limbs, aorta or carotid
arteries) requiring revascularization and vascular death.
Finally, cognitive decline will be evaluated as second-
ary end-point during follow-up.

Substudies (case-control studies nested in the ISSYS cohort)
Twenty-four hour ambulatory blood pressure monitoring
(ABPM)

A nested case—control study within the ISSYS cohort will
be performed with 24-hour ambulatory BP monitoring.

Cases will be considered as participants in whom silent
brain infarctions are detected versus controls (participants
with no brain infarctions). Cases will be matched with
controls by age, gender, other vascular risk factors and
antihypertensive treatment in a ratio of 1 to 2/ 1 to 3.

Oscillometric ABPM measurements will be obtained
using a Spacelabs 90217-5Q device (Spacelabs Healthcare,
Issaquah, Washington, USA), validated according to the
protocol of the British Hypertension Society [25]. The BP
measurements will be made every 20 minutes during day-
time and every 30 minutes during sleeptime in a day of
standard activity and with a cuff suited to the size of the
patient’s arm. All recordings with at least 70% of valid
readings or at least 45 measurements will be considered
for the analysis.

Daytime ambulatory hypertension will be defined as a
mean daytime BP > 135/85 mmHg and sleeptime ambu-
latory hypertension as a mean BP>120/70 mmHg,
according to the ESH Guidelines(1).

Circadian BP patterns will be assessed, considering a
nondipping status as a night to day ratio of mean sys-
tolic blood pressure (SBP) of 0.9 or more. Also the
sleep-through morning surge defined as the morning BP
(2-hour average of four 30-minute BP readings just after
wake-up) minus the lowest nocturnal BP (1-hour aver-
age of the 3 BP readings centered on the lowest night-
time reading) will be calculated [26].

Biomarkers determination

Also, substudies on protein and genetic biomarkers will
be performed following the same strategy of a case—
control study nested in this cohort.

Follow-up neuroimaging studies

A follow-up MRI is planned after the third year of
follow-up for a nested cohort of cases and controls
according to the presence of silent infarcts at baseline.
This will allow us to describe the incidence of new
lesions.
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Data entry and monitoring
Data will be collected by investigators and supporting
staff and transferred to an electronic case report form
(eCRF) on a weekly basis. No personal data enabling the
identification of the participants will be included in the
eCRF. Previous training is warranted for all investigators
before access to the live database. Data are secured from
external violation by limiting access to the computer sys-
tem by individual user name and password protection.
In order to minimize missing or wrong data, external
monitoring for the main outcome variables is planned,
including clinical and radiological variables for at least
10% of randomly selected participants.

Statistical methods

Sample size calculation representative for our population
concerning prevalence of silent infarcts has been esti-
mated using data of population-based studies published
before, which reported specific data on silent brain in-
farcts prevalence in participants aged 50 to 70 years old
[27-30]. According to them, the expected prevalence
should be about 10%. Therefore, after applying the Ene
2.0 software, with a confidence interval of 95% and an
accuracy of 2%, sample size should be of at least 865 in-
dividuals, which was increased to 1000 individuals by
taking into account possible losses.

Statistical analysis will be performed with the SPSS
15.0 statistical package (Chicago, Ill., USA). Statistical
significance for intergroup differences will be assessed
by the x> or Fisher’s exact test for categorical variables
and by the T-test, ANOVA, Mann—Whitney U and
Kruskal-Wallis test for continuous variables. The corre-
lations between continuous variables will be determined
with Spearman’s or Pearson’s coefficients, as appropriate.
A p value <0.05 will be considered significant. Logistic
regression models will be performed to identify potential
predictors of silent brain infarcts and other silent lesions.
Finally, Cox proportional hazards multivariate analysis
will be used to identify clinical predictors of stroke/TIA or
further CVE, adjusted by variables showing p values <0.1
on univariate testing. Results will be shown as OR
or HR, as appropriate, with their corresponding 95%
confidence intervals.

Discussion

Silent brain infarcts have been recently included into the
new definition of stroke, given that their high prevalence
and clinical consequences, such as further strokes and
cognitive decline do not support to treat them as inno-
cent findings anymore.

Although it is known that silent infarcts are associated
with age and vascular risk factors, particularly hyperten-
sion, there is limited information on the prevalence of
this condition in our setting. Studies restricted to
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hipertensives participants have been performed mainly
in Asian populations and they are mostly cross-sectional,
with no prospective follow-up to address either the
incidence of new lesions on imaging or the presence of
future strokes or cognitive decline.

ISSYS is designed to investigate both the prevalence of
silent brain infarcts and the incidence of strokes, cognitive
decline and appearance of new brain infarcts after three
years of follow-up in a cohort of 1000 Mediterranian
hypertensives.

Moreover, we will study the risk factors associated
with their presence and the relationship between them
and other hypertensive target organ damage, such as
those occurring in heart, kidney or vessels, in order to
know their single and combined contribution to the
global vascular risk in each patient.

Hopefully, the better knowledge on the frequency and
determinants of these lesions will help in the future to
optimize treatments or establish new preventive strat-
egies to minimize clinical and socioeconomic conse-
quences of stroke and dementia.
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Prevalence and Associated Factors of Silent Brain Infarcts in
a Mediterranean Cohort of Hypertensives

Pilar Delgado, Iolanda Riba-Llena, José L. Tovar, Carmen I. Jarca, Xavier, Mundet,
Antonio Lopez-Rueda, Francesc Orfila, Judit Llussa, Josep M. Manresa, José Alvarez-Sabin,
Cristina Nafria, José L. Ferndndez, Olga Maisterra, Joan Montaner, on behalf of ISSYS Investigators™*

Abstract—Silent brain infarcts (SBIs) are detected by neuroimaging in approximately 20% of elderly patients in population-
based studies. Limited evidence is available for hypertensives at low cardiovascular risk countries. Investigating Silent
Strokes in Hypertensives: a Magnetic Resonance Imaging Study (ISSYS) is aimed to assess the prevalence and risk factors
of SBIs in a hypertensive Mediterranean population. This is a cohort study in randomly selected hypertensives, aged 50 to
70 years old, and free of clinical stroke and dementia. On baseline, all participants underwent a brain magnetic resonance
imaging to assess prevalence and location of silent infarcts, and data on vascular risk factors, comorbidities, and the presence
of subclinical cardiorenal damage (left ventricular hypertrophy and microalbuminuria) were collected. Multivariate analyses
were performed to determine SBIs associated factors. A total of 976 patients (49.4% men, mean age 64 years) were enrolled,
and 163 SBIs were detected in 99 participants (prevalence 10.1%; 95% CI, 8.4%—12.2%), most of them (64.4%) located
in the basal ganglia and subcortical white matter. After adjustment, besides age and sex, microalbuminuria and increasing
total cardiovascular risk (assessed by the Framingham-calibrated for Spanish population risk function) were independently
associated with SBIs. Male sex increased the odds of having SBIs in 2.5 as compared with females. Our results highlight
the importance of considering both global risk assessment and sex differences in hypertension and may be useful to design
future preventive interventions of stroke and dementia. (Hypertension. 2014;64:658-663.) ® Online Data Supplement

Key Words: hypertension B stroke

Ithough a large amount of data are available on the preva-

lence of silent brain infarcts (SBIs) in the general popula-
tion and of their role as independent predictors for future stroke
and dementia, still further studies are needed to determine their
frequency in various populations, particularly those at high
risk. This information may be potentially useful to design fur-
ther studies for prevention of stroke and dementia.' Besides
age, hypertension is the risk factor most consistently associated
with SBIs. Remarkably, in most of these studies, the diagnosis
of hypertension was based on self report from participants or
on single measurements of blood pressure (BP). Also, some
studies have been conducted specifically in selected groups of
essential hypertensives and described a wide SBIs prevalence
ranging from 20% to 86%. Several factors may be related to
this large variation in prevalence. Among all studies, nearly
half of them included few participants, and from those with
larger sample size (Table 1),>" it should be noted that patients
with hypertension were mainly selected among those who

attended specialized units (cardiology, internal medicine, kid-
ney departments, etc) at hospitals and were probably more
representative of newly diagnosed or more severe or resistant
forms of hypertension than average.

Moreover, the vast majority of studies have been conducted
in Asian cohorts, which indeed differ from western countries
about their distribution of vascular risk factors and stroke inci-
dence."® A few studies have been conducted in European coun-
tries, such as those from 1 group in The Netherlands which
described prevalences of SBIs ranging from 22% to 29%.*5'?
Because some of them included ambulatory BP monitoring,
only patients in whom treatment could be removed before
monitoring were enrolled.

Even less information is available for lower cardiovascular
and stroke risk populations, such as those living at Mediterranean
areas.”® To our knowledge, 1 group from Italy'® reported a preva-
lence of asymptomatic brain damage in 54.9% hypertensive indi-
viduals. However, they included not only lacunes and territorial
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Table 1. Other Published Studies Describing Silent Brain Infarcts in Hypertensive Cohorts
Previous
Antihypertensive
Authors Country Sample Size Patient Selection Sex, % Male Age Office BP SBI % Treatment
Kwon et al? Korea 550 Voluntary health check 68.2 59.3 (25-83)  Control, 136/91 1141 Previous treatment
SBI 141/90 in 79% of the
controls and 85%
SBI patients
Kato et al® Japan 100 Selected from outpatient 66 62 (42-81) NA 24 Treatment for >1
office (cardiovascular and mo prior inclusion
renal medicine)
Henskens et al*®  The Netherlands 192 Referral to internal 49 51.6 (20-83) 170/104 29 (23-36) Nontreated patients
medicine department
Kario et al®'"® Japan 519 Patients coming from 2 40 72 (=50) 164/90 50 58% of those with
hospitals, 3 clinics, and 1 sustained HTN
outpatient clinic (removed for ABPM)
Selvetella et al'® Italy 195 Patients who visited the 441 SBD, 67+1 Control, 140/86 54.9 90% were treated
department of angio- No SBD. 54+1 SBI. 147/85 with anti-
cardio-neurology hypertensive drugs
Ma et al'” China 188 Retrospective analyses 425 64 (45-75) NA 59 All treated
from hospital records (monotherapy)

Only studies with a minimum sample size of 100 participants are shown. Studies are sorted by increasing silent brain infarcts (SBIs) prevalence. Office BP is
expressed in mmHg. Age is expressed as mean+SD or mean (range) as it was provided by the authors. ABPM indicates ambulatory blood pressure monitoring; BP, blood

pressure; HTN, hypertension; NA, not available; and SBD, silent brain damage.

lesions but also other punctate lesions (>5 mm) that might not be
infarcts in all cases. Also in Spain, Sierra et al*' performed a study
in middle-aged hypertensives, in which they found that white
matter lesions (also manifestations of subclinical brain damage)
were a common finding (40.9%). However, lesions appearing as
lacunar infarcts were not assessed in their study.

The differentiation of SBIs from other similar lesions, such
as enlarged perivascular spaces, has been done poorly in the
past,2 and more efforts are needed to overcome the lack of
consistency and advance in this field.?

With all that in mind, we aimed to determine the prevalence
of SBIs in a large cohort of randomly selected hypertensives in
a Mediterranean population and to study their associated risk
factors.

Methods

Subjects Selection

Investigating Silent Strokes in Hypertensives: a Magnetic Resonance
Imaging Study (ISSYS) is an observational, cross-sectional, and lon-
gitudinal study aimed to determine the prevalence of SBIs and their
relationship with future stroke and dementia in a large cohort of
Mediterranean hypertensives.**

Briefly, this study has been carried out in patients aged 50 to 70
years and diagnosed of essential hypertension who are routinely at-
tended by general practitioners in our health area.

Participants were randomly selected after stratification by age and
sex among 27000 potentially eligible subjects living in the district of
the north metropolitan area of Barcelona. They were invited by phone
to participate and a visit was then scheduled where fulfillment of in-
clusion and exclusion criteria was assessed by trained investigators.
Inclusion criteria consisted of (1) patients with essential hyperten-
sion diagnosed >1 year earlier; (2) age comprised between 50 and 70
years, and (3) patients who gave their informed consent to participate.
Patients were excluded when (1) they had history of previous clinical
stroke or dementia, (2) brain magnetic resonance imaging (MRI) was
contraindicated, (3) there was a suspicion of white coat hypertension
syndrome, or (4) patients were affected by a terminal illness preventing
any future follow-up examination, based on the investigator criteria.

To rule out the presence of a previous stroke, medical records were
reviewed and the patient was interviewed following an adaptation
of the Stroke Symptom Questionnaire.”> Also, when dementia was
suspected, following Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, revised (DSM-1V-R) criteria, the patient
was not included in the study and a proper evaluation in the presence
of a caregiver was recommended.?

Enrollment visits were conducted between November 2010 and
May 2012. Among 1037 participants who were initially enrolled in
this study, 94.1% (n=976) completed all baseline procedures, includ-
ing a brain MRI scan. The remaining participants were excluded as a
result of claustrophobia (n=17), presence of a cranial metallic artifact
(n=8), consent withdrawal (n=33), and lost to follow-up before MRI
was performed (n=3). Excluded patients were more often men, over-
weighted, and diabetic than those who were finally included.

Clinical Data Collection and Physical Examination
The study protocol was approved by the Ethics Committee of Vall
d’Hebron Hospital and IDIAP Jordi Gol (University Research
Institute in Primary Care).

Assessment of all covariates was done by interviewing participants
and reviewing medical records. Hypertension was defined as systolic
BP >140 mmHg, diastolic BP 290 mmHg, or use of antihyperten-
sive medication. We obtained data on demographical characteristics
and personal medical history, including duration of hypertension and
presence of other vascular risk factors, such as smoking habit, alcohol
abuse, dyslipidemia, and diabetes mellitus. The presence of a previ-
ous cardiovascular, kidney, or systemic disease was also assessed. For
those participants without previous vascular disease, global vascu-
lar risk was estimated applying the Framingham-calibrated Registre
Gironi del Cor (REGICOR) function, and participants were divided
into the following categories depending on their 10-year estimated
risk of having a coronary event: low risk (<5%), moderate risk (5%—
9.9%), high risk (10%-14.9%), and very high risk (=15%).

Data concerning office and home BP, BP control (optimal/ poor),
and antihypertensive treatment were collected, and treatment compli-
ance was assessed with the Moriski questionnaire.

Also weight, height, and waist circumference were measured, and
abdominal obesity was recorded.?® Office BP was measured with an
oscillometric device (Omron M6 Comfort), and the mean of the last 2
of 3 determinations after 5-minute rest was recorded.
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A detailed description of all covariates is presented in the online-
only Data Supplement (Expanded Materials and Methods).

Several other well-known hypertensive target organ damage
(TOD) markers, such as the presence of left ventricular hypertrophy
or renal dysfunction (microalbuminuria and decreased estimated glo-
merular filtration rate [GFR]), were analyzed. Specifically, a standard
12-lead ECG was performed to assess for signs of left ventricular
hypertrophy (single measurement of R wave in aVL [augmented vec-
tor left])®* and heart rhythm disorders. Regarding kidney function,
a single-spot urine sample was collected and sent to central labora-
tory for albumin-to-creatinine ratio determination. Microalbuminuria
was determined as >21 mg/g in men and >30 in women.?® Moreover,
GFR was estimated with the Modified Diet in Renal Disease-Isotope
Dilution Mass Spectrometry formula.** Impaired renal function was
considered whenever values were below 60 mL/min per 1.73 m?.

Neuroimaging Protocol

A brain MRI was performed within the next month after study entry.
Data acquisition details have been published elsewhere.”* SBIs were
defined as in previous studies as lesions of >3 mm of diameter in their
widest dimension, with cerebrospinal-like fluid signal characteristics
in all pulse sequences, and the presence of an hyperintense rim sur-
rounding the lesion in fluid attenuation inversion recovery sequence
was also required.”? All MRIs were assessed by 2 neuroradiologists
and an experienced stroke neurologist, and disagreements were solved
by consensus. Intrarater agreement was calculated for each reader in a
training set before undertaking the present reading, ranging from 0.60
to 0.75. The main source of disagreements came from the differen-
tiation of SBIs from enlarged perivascular spaces; therefore, lesions
located in areas with high prevalence of enlarged perivascular spaces,
such as the lower part of basal ganglia, were not considered as infarcts.

Statistical Methods

Sample size calculation representative for our population concerning
prevalence of SBIs was estimated using data from population-based
studies published before, which reported specific data on SBIs preva-
lence in participants aged 50 to 70 years old.** According to them,
the expected prevalence should be =10%. Therefore, after applying
the Ene 3.0 free software (GlaxoSmithKline S.A., Spain; http:/sct.
uab.cat/estadistica/es), with a confidence interval of 95% and an accu-
racy of 2%, sample size should be of >865 individuals, which was
increased to 1000 individuals by taking into account possible losses.

Statistical analysis was performed with the SPSS 17.0 statistical
package (Chicago, IL). Intergroup differences were assessed by the >
or Fisher exact test for categorical variables and by the 7 test, ANOVA,
Mann—Whitney U test, and Kruskal-Wallis test for continuous vari-
ables. The correlation between continuous variables was determined
with Spearman or Pearson coefficients, as appropriate. A P value <0.05
was considered as significant. To evaluate independently associated
factors of SBIs in our sample, we constructed forward stepwise logistic
regression models with all variables associated with SBIs showing a P
value <0.1 in the univariate analysis (model 1). Odds ratios and 95%
confidence intervals were further adjusted by adding smoking habit and
antihypertensive treatment to the model. In a second term (model 2),
REGICOR score was used as a measure of total cardiovascular risk as
covariate. Interaction terms of age and BP (model 1) and REGICOR
score and microalbuminuria (model 2) were also tested.

Results

Baseline Demographical and Clinical
Characteristics

Nine hundred seventy-six patients were included in this
study. Demographical characteristics and cardiovascular risk
profile are shown in Table 2. Median age was 64 years, and
49.4% of the sample were men. Besides hypertension, most
of the participants had dyslipidemia (71.7%) and 23.5% were
diabetic. Overall, 120 (12.3%) had already a history of an
established cardiovascular disease. From those free of vascu-
lar disease at baseline, total cardiovascular risk was estimated
by means of the REGICOR risk charts; the majority of the
participants belonged to the moderate or high risk categories
(median=6 [4-9]).

Regarding BP, mean systolic and diastolic BP were 141.5
and 77.5 mmHg, respectively. All patients had been recom-
mended to follow lifestyle recommendations to control their
BP, and also the vast majority (95.4%) were taking antihyper-
tensive drugs at the time of the study entry (40.2% monother-
apy, 37.2% were on 2 drugs, 18% on =3 drugs). Only 54% of
participants self-reported correct treatment compliance.

Table 2. Univariate Analysis: Description of Demographic and Clinical Baseline Factors in the Total Sample and in Those

With or Without SBls

Characteristics All Patients Absence of SBI (n=877) Presence of SBI (n=99) P

Age, y* 64 (60-67) 64 (59.5-67) 65 (61.7-69) <0.01
Sex, male* 49.4% 46.9% 71.7% <0.01
Tobacco use 15.2% 15.3% 14.1% 0.76
Alcohol abuse 6.4% 6.7% 4.8% 0.78
Diabetes mellitus 23.5% 22.7% 30.3% 0.09
Dyslipidemia 71.7% 70.8% 79.6% 0.07
Abdominal obesity 72.7% 72.7% 72.4% 0.95
Body mass index, kg/m? 29.9(27.1-33.2) 30.0 (27.1-33.2) 29.9 (26.9-33) 0.86
Mean office SBP, mmHg 141.5 (132-153) 141.5 (132-153) 144 (130-155.6) 0.69
Mean office DBP, mmHg* 77.5(71-84) 77.5(70.5-84) 81.5(72.8-89.7) 0.03
Duration of hypertension, y 8.6 (5.3-12.4) 9.1 (5.7-12.8) .8 (4.5-12.8) 0.52
REGICOR score* 6 (4-9) 6 (4-8) 7 (5-10.75) <0.01
Previous cardiovascular disease* 12.3% 11.2% 22.2% <0.01
No. of antihypertensives 2(1-2) 2(1-2) 2 (1-2.75) 0.18
Treatment compliance 54.4% 54.8% 50.5% 0.43

Data are expressed in median (interquartile range), mean=SD, and percentage as appropriate. DBP indicates diastolic blood pressure; REGICOR, Registre

Gironi del Cor; SBI, silent brain infarct; and SBP, systolic blood pressure.

*Significant results.
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SBIs and Their Associated Factors

A total of 99 participants had SBISs, leading to a prevalence of
10.1% of the sample (95% confidence interval, 8.4%—12.2%).
Most of the patients had a single lesion (69%), whereas 31%
presented multiple lesions (ranging 2—11), accounting for a
total number of 163 infarcts. The majority of lesions were
located in the basal ganglia (35.6%) or subcortical white mat-
ter (28.8%), followed by the cerebellum (16%), brain stem
(11%), and cortex (8.6%).

As expected, increasing age was related to the presence of
SBIs but also sex differences were found. Prevalence of SBIs
was gradually increased for both sexes with age, but they were
more often in men than in women at any age category. However,
men and women differed in the frequency of many baseline char-
acteristics as shown in Table S1 (online-only Data Supplement).

Other baseline differences in SBI presence about vascular risk
factors, total cardiovascular risk, or BP levels are shown in Table 2.

Finally, because subclinical organ damage may affect prog-
nosis in hypertensives, we evaluated the kidney function by
means of urine albumin-to-creatinine ratio and estimated
GFR. After exclusion of 10 participants who showed serum
creatinine levels (>132.6 pmol/L in men and 114.9 pmol/L
in women) or proteinuria (urine albumin-to-creatinine ratio
2300 mg/g at least once) suggestive of overt nephropathy,
13.7% presented microalbuminuria, 7.8% had low estimated
GFR, and in 1.1% of participants both alterations were pres-
ent. Also, left ventricular hypertrophy was detected as signa-
ture of hypertensive heart damage in 9.1% of the cohort.

Looking into how these markers of TOD were interrelated,
we found that microalbuminuria was associated with the pres-
ence of SBIs (27.2% in those with microalbuminuria ver-
sus 12.2% in those without it, P<0.001), whereas finding a
decreased GFR or left ventricular hypertrophy presence was
not (P=0.25 and P=0.22, respectively).

In Table 3, we present results from the multivariate analy-
ses. Increasing age, male sex, and microalbuminuria (model
1) were all independently associated with SBIs. Moreover,
because current guidelines support that diagnosis and man-
agement of hypertension should be related to quantification of
global (or total) cardiovascular risk, we included in the analy-
sis the Framingham-calibrated REGICOR score (model 2) and
found that it was also predictor of SBIs, in addition to microal-
buminuria. A graded response was found between REGICOR
risk categories and SBI, with the strongest associations corre-
sponding to those at high or very high-risk categories.

It should be noted that despite the fact that microalbumin-
uria was independently associated with SBIs in both models,
in our sample, still 66% of the participants with SBIs had no
renal or heart involvement.

Discussion
Here, we described the prevalence of SBIs in a large
Mediterranean cohort of middle- and old-aged hypertensives.
SBIs were found in 10.1% of participants, a prevalence that is
similar to other population-based studies but lower than that
reported in hypertensive cohorts. Although this might be surpris-
ing, several differences should be noted between ours and previ-
ous studies in hypertensives, apart from ethnicity, as mentioned
before. First, our population was younger and the majority of

Silent Brain Infarcts in Mediterranean Hypertensives 661

Table 3. Multivariate Analysis: Independent Associated
Factors With the Presence of Silent Brain Infarcts

Characteristics OR (95% Cl) P
Model 1
Age, per5y 1.54 (1.22-1.94) <0.01
Sex, male 2.53 (1.55-4.15) <0.01
Microalbuminuria 2.28 (1.33-3.918) <0.01
Model 2
Total cardiovascular risk (REGICOR) 0.05
Low (<5%) 1 (reference)
Moderate (5-9.9%) 1.29 (0.66-2.51) 0.46
High (10-14.9%) 2.17 (1.00-4.69) 0.05
Very high (=15%) 317 (1.22-8.22) 0.02
Microalbuminuria 2.34 (1.29-4.26) <0.01

Values represent odds ratios (OR) and their corresponding 95% confidence
intervals (CI). Model 1 includes covariates age, sex, dyslipidemia, mean office
diastolic blood pressure (per 1 mmHg increase), diabetes mellitus, previous
cardiovascular disease, microalbuminuria, smoking habit, antihypertensive
treatment (number of drugs received), and the interaction term of age and blood
pressure. Model 2 includes categorized Registre Gironi del Cor (REGICOR) score
(low-risk category as reference), microalbuminuria, antihypertensive treatment,
and the interaction term between REGICOR and microalbuminuria.

our participants was long-term (median 8.6 years since diagno-
sis) and treated hypertensives with office BP levels that were
lower as compared with previous studies selecting hypertensives
(Table 1).>'7 Most importantly, the selection of participants was
performed randomly from a primary care setting. The cohort was
routinely treated and monitored by general practitioners, avoid-
ing the bias that might be caused by selection in more specialized
contexts, such as hospital units. Moreover, our sample size was
estimated taking into account previous studies on this matter in
general populations, and to date, it is almost twice larger than that
of previous studies in a purely hypertensive cohort.

We found that SBIs were strongly associated with age, as it
has been shown consistently before, and much more frequent
in hypertensive men than women. This is also remarkable, tak-
ing into account that stroke is the leading cause of death for
women in our country. Other population-based studies, such
as the Rotterdam Scan Study?®' and the Cardiovascular Health
Study,* found opposite results, with more SBIs in women
than in men, although their participants were older than ours.
In opposition, our results agree with those from the Northern
Manhattan Study, a multiethnic community-based cohort.®
It is well known that women have lower BP levels across the
lifespan than their age-matched counterparts. However, hyper-
tension becomes increasingly prevalent in postmenopausal
women.* We randomized participants taking into both sex and
age, but still several differences were found in the distribution
of vascular risk factors, with women displaying less global vas-
cular risk and comorbidities than men in our cohort. These dif-
ferences might explain the lower prevalence of SBIs in women.
It is also possible that because we did not perform ambulatory
BP monitoring to select participants, some of them might have
indeed a white coat effect. This condition is associated with an
intermediate risk of cardiovascular events between those with
sustained hypertension and normotensive individuals, and it is
described to be particularly frequent in women.*®> However, we
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excluded participants with suspected white coat hypertension,
and the vast majority of them had been treated for a long time
before inclusion, thus making this possibility less likely.

Our results, therefore, emphasize the need to uncover sex dif-
ferences to better understand pathological processes associated
with aging and stroke and to personalize preventive health care.

We also found an independent association between microalbu-
minuria and SBIs. This is important because these results extend
previous knowledge on the role of microalbuminuria as predic-
tive marker of cardiovascular events and stroke risk.*® Less is
known on how microalbuminuria is interrelated to other subclini-
cal TOD, such as that present in the brain. Specifically, this was
reported in hypertensives by Henskens et al’ in a cohort of 192
young untreated hypertensives, in whom different TOD mark-
ers were evaluated, including microalbuminuria. Interestingly,
although the proportion of subjects with damage in heart, kidney,
brain, or any combination of them was higher in that study than in
our population, half of the patients with brain damage (including
SBIs but also other lesions such as white matter hyperintensi-
ties or microbleeds) did not present cardiorenal damage and were
classified as having no-target organ involvement. Likewise, in our
study, in almost 66% of those with SBIs, these lesions did not
coexist with heart or kidney involvement, which are the organs
routinely screened to assess risk in hypertension. Although both
Henskens et al® and our results suggest that screening for SBI
might improve risk stratification in hypertensives, longitudinal
studies with stroke (and possibly other vascular events) as out-
comes are needed to determine their predictive value.

Microalbuminuria is generally interpreted as an early sign of
kidney disease or as a marker of endothelial dysfunction.’” As
kidney and brain display common hemodynamic properties such
as low vascular resistance, as compared with other vascular beds,
they might be unprotected against increased pulsatile stress occur-
ring with aging and hypertension.* This could lead to endothelial
damage and progress toward both the appearance of microalbu-
minuria and brain infarcts, even in the absence of an impaired
kidney function. However, to properly address the occurrence of
these events over time, prospective studies are needed.

Finally, we found that total cardiovascular risk is not only
associated with the odds of symptomatic future vascular events
butalsorelated to the presence of subclinical brain disease. These
results are in agreement with those reported in the Framingham
Offspring cohort study,* but as original Framingham function
scores overestimate risk in low-risk countries such as Spain,?
we used a validated and easy-to-use tool (REGICOR) that is
already extensively used by general practitioners in our area.
In our study, total cardiovascular risk predicted the presence of
SBIs better than any risk factor taken separately, highlighting
the importance of treating patients preferably according to their
estimated global cardiovascular risk, rather than based on the
presence of any individual risk factor.

Strengths and Limitations
This study has some strengths and some limitations. As
strengths, this is a large study, representative for a population
of middle-aged hypertensives living in a low cardiovascular
risk country in the Mediterranean area.

Moreover, inclusion procedures required careful review of
medical records and interview with the participants to remove

nonessential hypertension and rule out participants with previ-
ous stroke or dementia. We also have some limitations. Lack of
ambulatory BP monitoring for selecting participants might have
led to increased frequency of white coat hypertension effect. Urine
albumin-to-creatinine ratio was measured in this study with a
single-spot urine sample. In clinical practice, it is recommended
to confirm this observation with multiple testing, to avoid false-
positive results attributable to variability of the measurement. Also
hypertensive heart damage could be determined with higher accu-
racy with the use of echocardiography or other imaging techniques.

Perspectives

This study characterizes the prevalence and risk factors of
SBIs in a large hypertensive cohort, from a low cardiovascu-
lar risk country in the Mediterranean area. Other markers of
TOD, such as microalbuminuria, or total cardiovascular risk
are independently associated with silent brain vascular dis-
ease and might be useful to screen those at high risk of future
stroke and dementia, while taking into account sex differences
in the design of preventive strategies.
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Novelty and Significance

What Is New?
Silent brain infarcts are present in =10% of hypertensives in a low-
cardiovascular-risk Mediterranean population.
Total cardiovascular risk and microalbuminuria could be useful to deter-
mine those with subclinical brain vascular disease and, therefore, with
higher risk of future stroke and dementia.

What Is Relevant?

Our results emphasize the need of assessing total cardiovascular risk in
hypertensives, to determine the burden of clinical and subclinical disease.
Sex differences need to be further explored in stroke prevention.

Summary

Silent brain infarcts prevalence reached 10% of hypertensives be-
tween 50 and 70 years old in a low cardiovascular risk Mediter-
ranean population, with striking sex differences. Microalbuminuria
and increased total cardiovascular risk are independently associ-
ated with silent brain infarcts presence in long-term treated es-
sential hypertensives.
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Expanded Materials and Methods:

Covariates definition:

-Hypertension was defined as systolic blood pressure (BP) 2140 mmHg, diastolic BP=90 mmHg
and/or use of antihypertensive medication.

-Duration of hypertension was assessed as the time from first diagnosis to inclusion visit, and it
was expressed in years.

-Diabetes mellitus was defined as fasting glucose levels over 7 mmol/L and/or the use of oral
antidiabetic drugs or insulin.

-Dyslipidemia was defined as total cholesterol over 5.2 mmol/L, triglycerides over 2.3 mmol/L
and/or the use of lipid lowering treatments.

- Alcohol abuse was defined as =280 grams per week in males and =170 grams per week in
females.

-Smoking habit was categorized into current, former or never.

-Previous cardiovascular disease includes coronary artery disease (angina, myocardial infarction)
and peripheral artery disease (intermitent claudication, by-pass surgery, aortic aneurism).

-Previous kidney disease: presence of diabetic or hypertensive nephropathy and/or renal failure.
-Systemic disease: including any other disease affecting a number of organs and tissues.

-REGICOR function: it is a Framingham-calibrated function for 10-year cardiovascular risk
calculation. It includes age, gender, tobacco intake, diabetes, systolic and diastolic BP, total and
HDL-cholesterol. An online calculator can be found at:
http://www.imim.cat/ofertadeserveis/software-public/regicor/?1

-BP control: Optimal BP control was defined as BP<140/90 (or <130/80 in diabetic and those at
high or very high risk, such as those with clinical conditions, including myocardial infarction, renal
failure or proteinuria).

- Treatment compliance was assessed with the Moriski questionnaire. This scale consists in 4
questions, with yes/no answers which should be asked along the clinical interview, and reflect the
patient’s attitude towards treatment. It is useful to find out whether or not the patient is a good
complier (all questions answered as no) and the causes for non-adherence.

- Abdominal obesity was defined as a waist circumference >88 centimeters in females and >102
cms in males, according to the European Society of Hypertension.



Table S1. Description of main baseline characteristics regarding gender.

Variables Women Men (n=482) p value
(n=494)
Age, years 64 (59-67) 63 (58-67) 0.14
Tobacco use 9.3% 21.2% <0.001
Alcohol abuse 6.1% 6.6% 0.82
Diabetes 20.2% 26.8% 0.016
Dyslipidemia 71.3% 72.1% 0.79
Abdominal obesity 83.8 61.1 <0.001

Body mass index (Kg/im2) 30.3(26.9-34.4) 29.7 (27.2-32.1) 0.036

Mean office SBP 143 (133-154)  140.5 (130-151) 0.035
Mean office DBP 76 (69.1-81.5) 80 (73-86) <0.001
Duration of hypertension, 9.4 (5.9-12.9) 7.9 (5-12.1) 0.002
years

Resistant hypertension 4.1% 5.1% 0.47
REGICOR score 5 (4-7) 7(5-11) <0.001
Previous cardiovascular 6.5% 18.3% <0.001
disease

Number of antihypertensives 2(1-2) 2(1-2) 0.29
Treatment compliance 57.2% 51.4% 0.079

Data are expressed in median (interquartile range), mean +/- standard deviation and percentage
as appropriate. SBP: Systolic blood pressure is expressed in mmHg, DBP: diastolic blood
pressure, is expressed in mmHg. *p<0.05.
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Hypertension and silent cerebrovascular lesions (SCL) detected by brain magnetic resonance imaging (MRI)
are associated with an increased risk of cognitive decline. In a prospective observational study in 1000 hyper-
tensive patients, aged 50-70 years, with no prior history of stroke or dementia, we will study the presence of
mild cognitive impairment (MCI) and the relationship between SCL and cognition. All participants will be
assessed by means of the Dementia Rating Scale—2 (DRS-2) and will undergo a brain MRI. In order to better
characterize MCI and future dementia risk in our cohort, those patients that are suspected to be cognitively

impaired according to the DRS-2 results will have a further neurological evaluation and complete neuropsy-
chological testing. Follow-up for the entire cohort is planned to last for at least 3 years.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Growing evidence suggests that vascular risk factors, such as
hypertension, diabetes and hypercholesterolemia, among others,
contribute to cognitive decline and increase the risk of mild cognitive
impairment (MCI) and incident dementia [1].

MCI is estimated to affect about 5.5% of the population aged
55 years or older and to increase over time with advancing ages,
reaching about 30% in patients over 85 years old [2]. The MCI preva-
lence doubles that of dementia prevalence. Moreover, patients with
MCI are at high risk of developing dementia. The annual conversion
rate to dementia, Alzheimer's disease (AD) and vascular dementia
(VaD) is estimated in 9.6%, 8.1% and 1.9% respectively, in specialized
clinical settings and in 4.9%, 6.8% and 1.6% in community based stud-
ies [3]. Several characteristics such as memory tasks impairment or
hippocampal atrophy are associated with the risk of conversion to

* Conflict of interest: none.

* Corresponding author at: Neurovascular Research Lab, Institut de Recerca Vall
d'Hebron, Passeig Vall d'Hebron 119-129, CP 08035 Barcelona, Spain. Tel.: +34
934894029; fax: + 34 934894015.

E-mail address: pilar.delgado@vhir.org (P. Delgado).

0022-510X/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2012.06.015

AD, whereas patients with dysfunction in executive tasks or pre-
senting vascular subcortical lesions are more prone to develop a
VaD [4,5].

Other neuroimaging and cerebrospinal fluid (CSF) biomarkers
have been related with the risk of AD conversion and probably, a
combination of CSF biomarkers (such as high phosphorylated and
total tau or low R-amyloid 42 [6,7]), APOE genotype [8], brain MRI
and brain nuclear techniques might be the most useful strategies for
predicting conversion to AD [9-12].

Among all vascular risk factors, hypertension is the most prevalent
in general populations and is associated with MCI, AD and VaD [13].
Several studies have shown that sleep blood pressure variations,
such as the lack of a physiological dipping pattern and also the diag-
nosis of midlife hypertension might be related with poor cognitive
performance [14,15]. Therefore, blood pressure control might help
reducing the risk of dementia and MCI [13].

Also, there is a link between hypertension and the presence or
appearance of new SCL, such as brain infarcts and white matter
changes, which independently increase the risk of having MCI and
dementia [16-18]. Thus, subjects with vascular MCI have more
white matter changes and lacunar infarcts than subjects with neuro-
degenerative MCI [19] and the location and number of silent infarcts
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is also important, since having more than one infarct affects memory
performance, processing speed and executive function, and probably
is involved in cognitive impairment development [20].

The prevalence of MCI and risk of incident dementia in a
Mediterranean hypertensive population is largely unknown. Our
aim is to assess the prevalence of MCI in a midlife hypertensive
Spanish population and to determine the risk of incident dementia
after 3 years of follow-up. The relationship between SCL and cogni-
tion is also investigated. Here we present a summary of the cognitive
protocol used for those purposes.

2. Materials and Methods
2.1. Study population

Our study population will comprise 1000 non-demented individ-
uals, aged 50 to 70 years old, and diagnosed of essential hypertension
at least one year before inclusion in the study. All participants are in-
volved in an epidemiological ongoing study aimed to investigate the
prevalence and risk factors for silent cerebrovascular lesions and
stroke; the ISSYS (Investigating Silent Strokes in hYpertensives: A
magnetic resonance imaging Study). This study was approved by
the Local Ethics Committee of Vall d'Hebron Hospital and IDIAP
Jordi Gol and all participants gave their informed written consent.

2.2. Cognitive assessment

On baseline, all patients will be evaluated by means of the Dementia
Rating Scale—2 (DRS-2) developed by Mattis, which is a screening tool
for dementia and MCI [21]. This scale includes the evaluation of five cog-
nitive domains: attention, memory, initiation/perseveration, construc-
tion and conceptualization. Illiterate participants will be assessed by
means of The Eurotest, a dementia screening test developed in Spain
[22].

A Spanish version of the DRS-2 will be used for our population [23]
and since scarce normative data for non-demented Mediterranean
populations exists [24], total crude scores will be adjusted by age
and years of formal education received, following the methodology
proposed by Pefia-Casanova et al. [25].

After data normalization, further neurological and neuropsycho-
logical assessment will be carried out in a further visit in all subjects
with cognitive complaints and poor performance in the screening
test (defined as total adjusted score <8).

In this visit, a cognitive, behavioral and functional anamnesis will
be carried out, as well as a complete neurological examination and a
short general examination. The Spanish IDDD Scale for functional as-
sessment will be applied [26] and the presence of depressive symp-
toms will be evaluated with the Spanish version of the Zung Scale
for Depression [27]. Neuropsychological testing will be carried out
by a professional with appropriate training in the administration

Table 1
Cognitive protocol assessment.

Cognitive test Function evaluated

Rey Auditory Verbal Learning Test [35]

Visual reproduction I and II of WMS-III
[36]

TMT A and B [37]

Block design of WAIS-III [35]

Fluency tests of COWAT [38]

Stroop test [39]

Immediate and delayed verbal memory
Immediate and delayed visual memory

Visual attention and task switching
Spatial component of perception
Language and executive function
Selective attention, cognitive flexibility
and processing speed

Visuospatial and constructional abilities
Gestural praxis

Clock drawing [35]

Symbolic gesture of Barcelona's test
[40]

Sequences and imitation of postures
of Barcelona's test [40]

Ideomotor praxis

and interpretation of psychological tests. Our detailed protocol for
neuropsychological testing cognitive assessment is shown in Table 1.

Following this evaluation, MCI will be diagnosed according to the
definition of the “Guidelines for Clinical Practice in Dementia” of the
Spanish Society of Neurology of 2009 [28]. Briefly, MCI is considered
in subjects who present an alteration of one or more cognitive do-
mains: attention and executive function, language, memory or visuo-
spatial functions, this alteration should be acquired, reported by the
patient or caregiver, months to years of duration and showing a cog-
nitive performance below 1.5 or 1 standard deviations of the adjusted
mean, depending on the pre-morbid patient's status. Moreover, this
alteration should not interfere with daily activities or do it minimally
and the patients should not have delirium or altered level of con-
sciousness at the time of diagnosis.

MCI patients will be further classified into predefined subtypes:
amnesic MCI (single or multiple domains) and non-amnesic MCI (sin-
gle or multiple domains) [29].

2.3. MRI protocol

After the inclusion visit all participants will be scheduled for a
brain MRI which will be conducted within the next 30 days after in-
clusion. All exams will be performed in the same 1.5 T GE Sigma Infin-
ity scanner using an identical protocol. Several vascular lesions will be
considered for analysis. Briefly, brain infarcts will be defined as
lesions >3 mm with signal characteristics of CSF in all pulse sequences.
In order to differentiate infarcts from dilated perivascular spaces, a
hyperintense rim will be required in FLAIR sequences [30,31].
Microbleeds will be evaluated and assessed in GRE sequence according
to the BOMBS scale developed by Cordonnier et al. [32] and finally,
white matter changes will be evaluated according to a visual rating
scale, as previously reported [33].

2.4. Follow up-visits

Once a year, for the first and second year after inclusion, the pa-
tients will be contacted by phone for follow-up. Patients and/or care-
givers will be asked for blood pressure control, appearance of new
vascular risk factors, vascular diseases and appearance or worsening
of cognitive decline. Also, the telephonic version of the MMSE [34],
which has been adapted and validated in Spanish population before,
will be administered within the same visit. After 3 years of
follow-up a new visit will be carried out for the whole cohort. This
last visit is planned in the ISSYS and includes a new assessment
with DRS-2 to study cognitive changes in the whole cohort.

3. Discussion

Given the vast socioeconomic burden of neurovascular and neuro-
degenerative diseases, early diagnosis and the identification of risk
factors for dementia should provide useful tools to minimize the im-
pact of this disease in the future. Our study will provide useful clinical,
neuropsychological and neuroimaging characterization of cognitive
state in hypertensives and their changes over time. Besides, we
hope to better characterize MCl in a high risk Spanish population.
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High daytime and nighttime ambulatory pulse pressure
predict poor cognitive function and mild cognitive impairment

In hypertensive individuals

lolanda Riba-Llena’, Cristina Nafria', Josefina Filomena®, José L Tovar®, Ernest Vinyoles®, Xavier Mundet®, Carmen | Jarca®,

Andrea Vilar-Bergua', Joan Montaner'” and Pilar Delgado’

High blood pressure accelerates normal aging stiffness process. Arterial stiffness (AS) has been previously associated with impaired
cognitive function and dementia. Our aims are to study how cognitive function and status (mild cognitive impairment, MCl and
normal cognitive aging, NCA) relate to ASin a community-based population of hypertensive participants assessed with office and
24-hour ambulatory blood pressure measurements. Sx hundred ninety-nine participants were studied, 71 had MCl and the rest had
NCA. Office pulse pressure (PP), carotid—femoral pulse wave velocity, and 24-hour ambulatory PP monitoring were collected.
Also, participants underwent a brain magnetic resonance to study cerebral small-vessel disease (cSVD) lesions. Multivariate
analysis—related cognitive function and cognitive status to AS measurements after adjusting for demographic, vascular risk factors,
and cSVD. Carotid—femoral pulse wave velocity and PP at different periods were inversely correlated with several cognitive
domains, but only awake PP measurements were associated with attention after correcting for confounders (beta=—0.22, 95%
confidence interval (Cl) —0.41, — 0.03). All ambulatory PP measurements were related to MCl, which was independently associated
with nocturnal PP (odds ratio (OR) =2.552, 95% Cl 1.137, 5.728) and also related to the presence of deep white matter
hyperintensities (OR= 1.903, 1.096, 3.306). Therefore, higher day and night ambulatory PP measurements are associated with poor

cognitive outcomes.

Journal of Cerebral Bood How & Metabolism (2015) 00, 1-7. doi:10.1038/jcbfm.2015.90

Keywords: ambulatory blood pressure monitoring; arterial stiffness; cerebral small-vessel disease; cognitive function; mild

cognitive impairment

INTRODUCTION

Aging and hypertension, among other vascular risk factors (VRFs),
determine the risk of cardiovascular diseases and contribute to
structural and functional changes in the arterial wall, which
becomes less elastic and stiffer.’

Arterial stiffness (AS) is a surrogate marker of major cardiovas-
cular eventsin the general population? and in clinical settings (like
stroke in hypertensive patients).® Besides AS was associated with
some features of cerebral small-vessel disease (cSVD) such as
white matter changes and lacunar infarcts.*®

Moreover, AS was independently associated with cognitive
function, in demented and nondemented individuals, and with
cognitive decline and dementia in most® but not all studies”® A
relationship has also been suggested between AS and mild
cognitive impairment (MC))® Sudying MO predictors is a priority
because it is the main risk factor for conversion to dementia.'
However, some important limitations of these studies on AS in
cognitive function, dementia, and especially MC have to be

acknowledged: most had small sample sizes, some used only
screening tests for cognitive assessment, and most did not adjust
AS by the presence of VAFs or cSVD.""

Among the different indirect ways to assess AS, carotid—femoral
pulse wave velocity (cf-PWV) is considered the reference standard.
However, there are a number of external factors (i.e., white-coat
hypertension phenomena, tobacco, alcohol, polyphenol consump-
tion, etc) that might affect these estimations, decreasing its
predictive accuracy, particularly in routine clinical care.'® Other
indirect ways to estimate AS as calculating the pulse pressure (PP)
can be achieved by techniques such as 24-hour ambulatory blood
pressure monitoring (ABPM), which may provide relative advan-
tages over a single evaluation at the clinic.

QOur objectives are to describe how cognitive function and
cognitive status (MCl and normal cognitive aging (NCA)) relate to
AS in a community-based population of hypertensive patients.
Soecifically, we aimed to compare whether AS measured with
different methodologies (cf-PWV versus office PP assessment; 24-
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hours daytime or nighttime PP assessment) relate differentially to
these cognitive outcomes, and to study whether the effect of AS
on cognitive function/status varies in the presence of cSVD.

MATERIALS AND METHODS

Sudy Population

Our study population is nested within the ISSYS project (Investigating
Slent Srokes in hypersensitive individuals, a magnetic resonance imaging
Sudy). This is an observational, prospective study in 1,037 hypertensive
individuals in Spain. Inclusion criteria of the study were essential
hypertension diagnosed at least 1 year before inclusion, age 50 to 70
yearsold, and no history of clinical stroke or dementia. Individuals who had
contraindications for magnetic resonance imaging (MR); i.e., carried a
pacemaker or were claustrophobic) or those who had a terminal iliness
were excluded. ISSYS general aims are to investigate the prevalence of
silent cerebrovascular lesions and cognitive impairment. The participants
were selected at random from 14 primary care centersin the North area of
Barcelona city. Our study protocol was published elsewhere.®

The study followed the Declaration of Helsinki and was approved by the
Vall d’Hebron’s Research Hospital Bhics Committee, and all patients gave
their informed written consent before inclusion.

Cognitive Assessment

At baseline all participants were evaluated by means of a dementia
screening test (Dementia Rating Scale second version, DRS-2)."* Total
DRS-2 score goes from 0 to 144 points and is divided in several subscales
(memory, attention, initiation/perseveration, conceptualization, and
construction).

Seven hundred ninety-eight participants of the ISSYS had valid data on
DRS2, they were literate and did not have any condition that could
interfere with their cognitive performance (e.g., severe sensory deficit,
previous central nervous system disorder, uncontrolled metabolic diseases,
or alcohol consumption) or dementia. All of them belonged to the same
ethnic group (white Mediterranean).

In a further step, all participants who obtained age- and education-
adjusted scores below 8 points (considered as a cutoff to suspect cognitive
impairment) were reevaluated to assess cognitive status.* In this second
evaluation an extended cognitive, behavioral, and functional anamnesis
and a standard physical and neurologic examination was performed.
Besides, cognitive performance was determined using a battery of
cognitive tests evaluating memory, attention, processing speed, executive
function, motor, and visuospatial functions. Our cognitive protocol was
published previously elsewhere.'® The diagnosis of MCl was established
following previously published criteria by the neurologist and neuropsy-
cholo%ist who attended the patients, who were masked to other clinical
data.'® In brief, MCl was considered when the subject or caregiver manifest
an acquired cognitive impairment that lasted months to years and this
alteration was shown on cognitive testing (performance mainly below 1.5
sd. of the adjusted mean). The impairment did not (or minimally) interfere
with daily instrumental activities. Those with deliium or altered
consciousness at the time of diagnosis were excluded. Participants with
a previous depression were considered for the present analysis if it was
under treatment and controlled. Sixteen participants refused to be further
evaluated.

All those with normal results in the screening tool (total DRS-24 8) or
who did not fulfil criteria for cognitive impairment or MCl were considered
as having NCA.

Brain Magnetic Resonance Imaging

All participants underwent a brain MR with the same 1.5 Tesla MR"™
Magnetic resonance imaging examinations were rated by two neuror-
adiologists and a stroke neurologist who were also masked to clinical data.
Presence and number of lacunar brain infarcts were assessed. Lacunar
infarcts were considered when there was a lesion of tissue loss of 3- to 20-
mm diameter in their widest dimension, with cerebrospinal fluid-like
signal characteristics in all pulse sequences, and with the presence of a
hyperintense rim surrounding it in fluid-attenuated inversion recovery
sequences. Localization of lacunar infarcts was the basal ganglia, thalamus,
internal or external capsules, or brainstem. Cortical infarcts were not
considered for the analysis.

Presence and grade of white matter hyperintensities (WMHs) in fluid-
attenuated inversion recovery or T2-weighted images were rated with a
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semiquantitative scale."” White matter hyperintensities in periventricular
and deep localizations were considered separately. For periventricular
WMHs, the score was as follows: grade 0= no WMHSs, 1 = caps or pencil-thin
lining, 2=smooth ‘halo’, and 3=irregular WMHs extending to the deep
white matter. For deep WMHs, the score was 0=no lesions, 1= punctuate
foci, 2=beginning confluence of foci, and 3=large confluent areas.
Intrarater and interrater agreement for all the markers was good to
excellent (k=0.6 to 0.81).

Participants with either lacunar infarct(s) or WMHs > 2 on Fazekas deep
score or with both lesions were considered as having cSVD, otherwise were
considered as not having cSVD.

Those participants who had incomplete, invalid, or no data from MR
(n=52) were excluded for this analysis.

Office Arterial Stiffness Measurements

Office PP was calculated as the difference between mean systolic BP (SBP)
and mean diastolic BP. Office BP was measured with a validated
oscillometric OMRON (M6 CONFORT, Hoofddorp, The Netherlands) device
after 5-minute rest.'® Systolic BP and diastolic BP were calculated as the
mean of the last two out of three measurements.

Carotid—femoral pulse wave velocity was assessed in supine position
after 10-minute rest using the oscillometric automatic VICORDER (SMT
Medical, Wiirzburg, Germany) device.'® To obtain the measurement, two
inflatable cuffs were placed, one smaller over the right carotid region to
measure carotid pulse wave and one larger around the right upper thigh to
measure the femoral pulse wave. Both cuffs were inflated to 60 mm Hg
and at least 10 consecutive carotid and femoral beats were recorded
simultaneously. The distance between external notch and the center of the
femoral cuff was measured with a tape over the body surface and used as
the path distance. The transit time between the two cuffs was computed
and cf-PWYV calculated as the ratio between distance and transit time in
meters per second (m/s) with an in-built cross-correlation algorithm.
Participants with rhythm disorders were excluded to avoid interference
with AS measurements (n =65).

Twenty-Four-Hours Ambulatory Blood Pressure Monitoring

Twenty-four-hours-ABPM recordings were performed at working days with
the automated Spacelabs 90217-5Q (Spacelabs Healthcare, Issaquah, WA,
USA) device, validated according to the protocol of the British Hyperten-
sion Society?° Participants were asked to fill a questionnaire regarding
sleeping and awaking periods and to follow their usual activities, although
avoiding intense physical exercise and excessive movement on their
nondominant arm during measurements. Readings were performed every
20 minutes during daytime (0600 to 2259 hours) and every 30 minutes
during nighttime (2300 to 0559 hours).

Twenty-four-hours-ABPM data were not considered in those with
o 70% valid measurements, o 2 measurements per hour during daytime,
and o 1 during the sleeping period or in those participants who refused to
be tested.

FRowchart of the study taking into account cognitive diagnosis, brain
MR, and valid AS measurements is presented in Figure 1.

Definition of Covariates

Education was calculated as the maximum years of formal education
accomplished from childhood to early adulthood. Baseline total cholesterol
was measured on an automated clinical chemistry analyzer (Olympus
AU2700, Diamond Diagnostics, Holliston, MA, USA). Diabetes mellitus was
defined by clinical records, history of diabetes, or being under oral
glucose-owering drugs or insulin. Smoking habit was defined as active or
inactive. Blood pressure-lowering drug (BPLD) compliance was evaluated
by means of Morisky-Green scale.'® The use of several common BPLDs was
considered for this study: dihydropyridine calcium—channel blockers,
thiazides, B-blockers, angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, and also statin and antiplatelet use.

Satistical Analysis

For cognitive function analysis, DRS2 total and subscale scores were

transformed into Z scores (individual mean — sample mean/sd.) to obtain

distributions centered in 0 (sd.=1). Initiation/perseveration and concep-

tualization subscales were averaged to obtain an executive function score.
In univariate analysis, we related demographics, VRFs, ASmeasurements,

and cSVD with both cognitive function (total, attention, executive function,

© 2015 1SCBAVI
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798 valid DRS-2
B9 declined or invalid MRI, declined
v cognitive re-avabsation or had arrythmia
G&8 participants
& Y N
687 valid office PP 564 valid cfPWWV 384 valid ABPM PP
B26 MCA 511 NCA 34T NCA
T1 MCl 53 MCI 37 MCI1

Fgure 1.

Sudy flowchart. ABPM, ambulatory blood pressure monitoring; cf-PWV, carotid—femoral pulse wave velocity; DRS-2, Dementia Rating

Scale second version; MCl, mild cognitive impairment; MR, magnetic resonance imaging; NCA, normal cognitive aging; PP, pulse pressure.

and memory scores) and cognitive status (MCl and NCA). Categorical
variables were compared using Pearson's Y6, Whereas T-test or Mann—
Whitney U-tests were used for continuous variables depending on their
distribution. Correlations with cognitive function scores were assessed by
means of Spearman's test.

To determine whether AS measurements in the office or obtained
during the ABPM recordings were independently associated with cognitive
function and cognitive status, multivariate models were performed.

Each model tested the effect of a different office (PP or cf-PWV) or
ABPM-related (24 hours, day or night PP) AS measurement with cognitive
outcome and was adjusted by age, sex, education, diabetes, total
cholesterol, smoking, heart rate, BPLDs, statins, antiplatelet treatment
(when appropriate), SBP of the period being analyzed (model 1), and
additionally by number of lacunar infarcts and deep WMHs (model 2). The
selection of these covariates as confounders was based either in the results
of our analysis or in the previous literature concerning cognitive function
and cognitive status. Heart rate was included since it influences AS
measurements. Interactions between PP and cSVD lesions were tested but
none was significant.

In the case of cognitive function linear regression models were used and
results are given as beta and 95% confidence interval (Cl). For cognitive
status, logistic regression models were performed and results were given
as odds ratio (OR), Cl of 95%. Satistical significance was set at P-values
o 0.05. All analyses were performed using SPSS version 17.0. (SPSS Inc.,
Chicago, IL, USA)

RESULTS
Baseline Characteristics

The mean age of the sample was 62.8 years and 50.1% were
women. Almost all participants (95%) received BPLDs and were
long-standing hypersensitive individuals (median time since
diagnosis was 8 years). Few participants had moderate to severe
periventricular (4.6%) and deep (8.6%) WMHs and 7.5% had
lacunar infarcts.

Regarding AS measurements, cf-PAW was 106 (+22) m/s.
Office, 24-hour, daytime, and nighttime PP values are shown in
Table 1. Office PP was higher than any of the other ABPM-related
PP measurements.

Factors Related to Cognitive Function

Demographical characteristics such as age (correlation coefficient r
ranging from —0.11 to — 0.29) and education (r ranging from 0.23 to
049) were correlated to global, attention, memory, or executive
functions as expected. As it is shown in Supplementary Table 1,
cognitive function was also different in men and women and
smokers and nonsmokers. Concerning BPLDs, we found that those
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who were on angiotensin-converting enzyme inhibitors had lower
attention score than those who were not (Po 0.05).

Regarding measures of AS, cf-PWV was inversely correlated with
executive function (P=0.02) and total (P=0.06) scores. As for PP,
all measurements (office and all ABPM-related measurements)
were negatively correlated to all cognitive subscales (all Po 0.05),
except memory, with the strongest correlations for total DRS-2.

Regarding cSVD lesions, whereas the number of lacunar infarcts
was not related to cognitive function, higher WMH grade,
especially in deep localization, was inversely related to total and
some cognitive subscales (all P< 0.01).

Next, we evaluated whether all these ASrelated measurements
were independently associated with cognitive function after
adjustment by age, sex, education, BPLDs, antiplatelet and statin
treatments (when appropriate), SBP of the period analyzed and
other VRFs (model 1), and after further correction for cSVD lesions
(model 2) in several linear regression models (one for each
cognitive subscale and for each office or ABPM-related PP
measurement). After adjustment, most associations were lost
and only daytime PP remained as independent predictor for
attention (beta=-022, 95% C - 040, —0.04, model 1) together
with education (for the rest of analyses, data not shown). Further
adjustment for cSVD vyielded similar results for daytime PP
(beta=-022, 95% Cl -041, —0.03, model 2) and education
(beta=0.07, 95% Cl 0.05, 0.10; for rest of the analyses, data not
shown).

Factors Associated with Cognitive Satus (Mild Cognitive
Impairment and Normal Cognitive Aging)

Regarding cognitive status, our univariate analysis showed that
MCl participants had less education years than NCA (8> versus
8,2 Po 0.05), who were more on thiazide treatment (62.7%
versus 454%, Po 0.05) and antiplatelet drugs (29.2% versus
16.2%, Po 0.01). Higher SBP of ABPM was found for any period in
MCI participants than in NCA.

Besides, PP was higher in MCl participants than NCA in ABPM at
24 hours (55.2 (10.6) versus 49.3 (104), P=00o 1), day (56.0 (10.3)
versus 50.8 (10.8), Po 0.05), and night (52.7 (124) versus 47.1
(11.1), Po 0.05). We explored whether the relation between PP
and MCl was linear or there were any J or U-shape relationship
and the last were not found. Therefore, PP was considered as a
continuous variable afterwards.

In contrast to ABPM, none of the office measurements, neither
PP nor cf-PWV were significantly different between groups. Results
comparing cognitive status are shown in Table 2.
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Table 1. Descriptive characteristics of the study sample
Characterigtics All (N=699)
Office characteristics

Age, years 2.8 (5.3)
Sex, female 350 (50.1%)
Education, years 8 (7,12)
Office SBF, mm Hg 1427 (15.8)
Office DBF, mm Hg 7.5 (71.0, 83.5)
Office PR, mm Hg 5.2 (13.4)
BP-lowering drugs 664 (95.0%)
Poor compliance of BP-lowering drugs 309 (44.2%)
Hypertension duration, years 8 (5,12)
Heart rate, bpm 9.1 (11.1)
Diabetes mellitus 160 (22.9%)
Total cholesterol, mg/dL 2180 (188.0, 245.0)
Current smoker 104 (14.9%)
Ci-PWV, m/s 06 (2.2)
Treatments
Dihydropyridine calcium—channel blocker 104 (15.5%)
Thiazide 316 (47.1%)
B-Blocker 151 (22.5%)
Angiotensin-converting enzyme inhibitor 189 (28.2%)
Angiotensin receptor blocker 319 (47.5%)
Statin 277 (41.3%)
Antiplatelet 122 (18.2%)

Ambulatory blood pressure monitoring

24-hour SBR, mm Hg 1264 (12.3)

24-hour DBR, mm Hg 766 (71.3, 81.0)

24-hour PR, mm Hg 499 (10.5)

Day SBP, mm Hg 132.2 (12.3)

Day DBP, mm Hg 81.1 (75.7, 86.2)

Day PP, mm Hg 69.4 (8.0)

Night SBE mm Hg 1171 (14.6)

Night DBF, mm Hg 69.2 (63.4, 74.6)

Night PR, mm Hg 476 (11.3)

Cerebral small-vessel disease

Lacunar infarcts, any 51 (7.5%)

Nu’\rlr:)l:;eer of lacunar infarcts 648 (92.5%)
Single 38 (5.6%)
Multiple 13 (1.9%)

Periventricular WMH (Fazekas scale)

Grade o 2
Grade > 2

667 (95.4%)
32 (4.6%)

Deep WMH score (Fazekas scale)
Grade o 2
Grade > 2

Abbreviations: BR, blood pressure; bpm, beats per minute; cf-PWV, carotid—
femoral pulse wave velocity; DBP, diastolic BP;, PP, pulse pressure; SBR,
systolic BP; WMH, white matter hyperintensity. For continuous variables
mean (sd.) or median (interquartile range) and for categorical variables
count (%) are given.

639 (91.4%)
60 (8.6%)

Multivariate analyses considering cognitive status as the
outcome measure were performed. For time periods, only
nocturnal PP remained independently associated with MCl, (OR
per sd. increase in nocturnal PP=2254, 95% Cl 1.029, 4.939)
together with education after adjustment by covariates of model 1
(age, sex, education, thiazide and antiplatelet use, SBP of the
corresponding period, and the other VRFs). Additional correction
for the presence of cSVD lesions yielded similar results in night
PP per sd. increase (OR=2.552, 95% Cl 1.137, 5.728). In this last
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model also years of education (OR=0.860, 95% Cl 0.759, 0.976)
and deep WMHSs (OR=1.903, 95% Cl 1.096, 3.306) were associated
with MCl. Systolic BP was not independently associated with MCl
in any period. Results for other time periods are shown in Table 3.

Moreover, ABPM-related PP measurements were also increased
in subjects with cSVD (all Po 0.05, data not shown).

We explored the relation of cognitive status jointly with the
presence of cSVD lesions and AS. Figure 2 represents levels of
daytime and nighttime PP according to cognitive diagnosis and
presence or absence of cSVD.

DISCUSSION

This observational study in middle- and old-aged hypertensive
participants showed that daytime and nighttime PP (as
measures of AS obtained with 24-hour ABPM were associated
with attention function and with MC], respectively. These findings
were independent of demographic factors, BP levels, treatments,
and other VRFs and, were not attenuated considering the presence
of cSVD.

The relation between large-artery stiffness with cognitive
function, cognitive impairment, or dementia was reported by
several® (but not all)’® clinical and community-based studies.
Several of those studles used cf-PWV, to assess AS When PP was
used to assess ASa relation with cognitive outcomes were seen 222
Poor global cognition or poor performance in selected cognitive
functions, such as executive function and memog were reported in
those with higher PP in the general population.*"?® Also a relation
between . cognitive impairment, especially vascular dementia
including Alzheimer’s disease, and oognltlve decline was observed
in those with higher cf-PWV and pp1T2

In our case, inverse correlations were observed between cf-PWV
and global and executive functions, although they were lost after
correcting for VRFs and cSVD. Some remarkable differences exist
between ours and previous studies. Most of the previous studies
on cf-PWV and cognitive outcomes performed only univariate
analysis or adjusted their analysis onIy by age, sex, and
educational level as main confounders® Some others corrected
also for VRFs"?2 and one further adjusted by cSVD2' In the latter,
including the presence of cSVD in the analyses led to the loss of
the associations between cf-PWV and cognitive function, as we
found. In addition, our study characteristics may underlie these
differences, as our participants were younger than in previous
cohorts and most of them were treated with BPLDs.

In contrast to office cf-PWV and also office PP, here we provide
evidences that serial PP determinations obtained by means of 24-
hour ABPM are independently associated with cognitive status
and function. Ambulatory blood pressure monitoring provides a
more accurate and reproducible BP measurement than office BP
assessment and it is a well- recogmzed tool to predict cardiovas-
cular risk in hypertensive patients2® Besides, office measurements
are greater influenced by environmental circumstances like white-
coat effect that alters values of both cf-PW and PP
measurements.'>?® The main advantage of ABPM as compared
with cf-PWV assessment is its widespread use in the primary care
setting, which is the first place where those with cognitive
complaints are evaluated.

Previous studies investigated the role of ABPM-related PP
measurements in relation to cognition and cognitive status. One
of these studies diagnosed MO participants after sequentially
applying two screening tests in hypertensive patients at a
cardiology clinic and found an association between MCl and higher
24-hour, day, and night PP measurements in the univariate
analysis® Another one, also showed that in a memory clinic,
ambulatory PP measurements were inversely associated with
attention function after adjusting for age and education and
showed a relation between higher PP and vascular dementia, but
no association was found between MO and 24-hours PP
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Table 2 Univariate analysis of cognitive status with VRFs, arterial stiffness measurements, and cerebral small-vessel disease
Characteristics Normal cognitive Mild cognitive P-value
aging (N=628) impairment (N=71)
Office characteristics
Age, years 62.7 (5.3) 63.2 (5.5) 0.35
Sex, female 309 (49.2%) 40 (56.3%) 0.25
Education, years 8 (7,12 8 (5,8 o 0.05
Office SBF, mm Hg 142.3 (15.6) 1435 (17.6) 0.73
Office DBP, mm Hg 775 (71.0, 84.0) 76.5 (67.0, 82.5) 0.10
Office PR, mm Hg 649 (13.2) 67.7 (14.4) 0.11
Poor compliance of BPLDs 276 (43.9) 33 (46.5) 0.68
Heart rate, bpm 694 (11.1) 66.1 (10.9) 0.27
Diabetes mellitus 140 (22.3%) 20 (28.2%) 0.26
Total cholesterol, mg/dL 218.0 (188.0, 245.0) 224 5 (185.0, 246.7) 0.39
Current smoker 92 (14.6%) 2 (16.9%) 0.61
Cf-PWV, m/s 10.7 (22) 10 5 (2.5) 0.64
Treatments
Dihydropyridine calcium—channel blocker 90 (14.9%) 14 (20.9%) 0.19
Thiazide 274 (45.4%) 42 (62.7%) o 0.05
{3-Blocker 137 (22.7%) 14 (20.9%) 0.74
Angiotensin-converting enzyme inhibitor 291 (48.2%) 28 (41.8%) 0.32
Angiotensin receptor blocker 165 (27.3%) 24 (35.8%) 0.14
Satin 271 (41.3%) 34 (47 .2%) 0.33
Antiplatelet 106 (16.2%) 21 (29.2%) o 001
Ambulatory blood pressure monitoring
24-hour SBP, mm Hg 1259 (12.1) 130.6 (13.1) 0.02
24-hour DBP, mm Hg 76.5 (71.5, 81.1) 777 (70.3, 80.3) 0.37
24-hour PE mm Hg 49.3 (104) 2 (10.6) o 0.01
Day SBF, mm Hg 131.8 (12.2) 1356 (18.0) 0.06
Day DBE mm Hg 81.1 (75.9, 86.2) 794 (72.8, 86.4) 0.18
Day PB mm Hg 50.8 (10.8) 0 (10.3) o 005
Night SBE mm Hg 116.6 (14.3) 121 9 (16.6) 0.04
Night DBF, mm Hg 69.2 (63.6, 74.6) 69.9 (62.7, 75.0) 049
Night PB mm Hg 474 (11.1) 52.7 (12.4) o 0.05
Cerebral small-vessel disease
Number of lacunar infarcts 0.04
None 585 (93.2%) 63 (88.7%)
Single 34 (5.6%) 4 (5.9%)
Multiple 9 (1.4%) 4 (5.9%)
Periventricular WMH (Fazekas scale) 0.12
Grade o 2 578 (92.0%) 61 (85.9%)
Grade > 2 50 (80%) 10 (14.1%)
Deep WMH score (Fazekas scale) 0.01
Grade o 2 604 (96.2%) 63 (88.7%)
Grade >2 24 (3.8%) 8 (11.3%)
Abbreviations: BPLD, blood pressure-fowering drug; bpm, beats per minute; cf-PWV, carotid—femoral pulse wave velocity; DBP, diastolic blood pressure; PP,
pulse pressure; SBP, systolic blood pressure; VRF, vascular risk factor; WMH, white matter hyperintensity. For continuous variables mean (sd.) or median
(interquartile range) and for categorical variables count (%) are given. Significant values are shown in italics.

Table 3. Associations between cognitive status and arterial stiffness

Model 1 ORfor
Md (95% Cl)

Model 2 OR for
MQ (95% Cl)

Office PP per sd.

Day PP per sd.
Night PP per sd.
Cf-PWV per sd.

24-hour PP per sd.

1429 (0.825, 2.478)
1.642 (0.834, 3.231)
1.564 (0.785, 3.116)
2254 (1.029, 4.939)
1.143 (0.816, 1.602)

1485 (0.857, 2.575)
1.969 (0.966, 4.102)
1.842 (0.895, 3.791)
2552 (1.137, 5.726)
1.102 (0.775, 1.567)

Abbreviations: Cf-PWV, carotid—femoral pulse wave velocity; Cl, confidence
interval; MCl, mild cognitive impairment; OR odds ratio; PR, pulse pressure.
Model 1: Adjusted by age, sex, education, diabetes mellitus, total
cholesterol, smoking, heart rate, thiazides, antiplatelets, and systolic blood
pressure of the analyzed period. Model 2: Additionally adjusted by the
number of lacunar infarcts and deep white matter hyperintensities.
Sgnificant values are shown in italics.
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measurements®® Our results are therefore in agreement with those
studies but some important differences should be noted among
them. They had small sample size not only in MO but also in control
groups, one only used cognitive screening tools to diagnose
cognitive impairment, the other one did not separate the results for
the different ABPM periods and none of them corrected their
analysis for VRFs and MR lesions.

Regarding the relevance of the timing of PP assessment, it is well
known that PP is defined by structural (stroke volume, velocity of
ventricular ejection, and arterial compliance) and functional com-
ponents and indeed these components might differ between day
and night, after a circadian rhythm. During daytime, neurohumoral
systems like the renin—angiotensin—aldosterone system are acti-
vated and sympathetic activity (that causes vasoconstriction)
predominates. In contrast, while we sleep parasympathetic activity
increases while a decrease in sympathetic and renin—angiotensin—
aldosterone system activity is observed. Thus, the sleeping
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cognitive impairment; NCA, normal cognitive aging; PR, pulse pressure; WMHs, white matter hyperintensities. *P-valueo 0.05; ., Outlayer case.

period is less dependent on the effect of neurohumoral factors like
renin—angiotensin—aldosterone system and other environmental
stimulus and might be more suitable to predict outcomes. Our
results show a cross-sectional association of nocturnal PP with MCl
patients, which is independent of nocturnal BP values. This might
be surprising given the increasing evidence suggestin7g a role for
nocturnal hypertension predicting cardiovascular risk2” But, in the
case of cognitive function and status, only a few case—control
studies have linked higher night SBP with lower cognitive
performance with Mini-Mental Sate Examination or mainly with
neurodegenerative dementia (Alzheimer’s disease)2°

Recently, 24-hours brachial PWV—ecording devices have
appeared and showed good and reproducible measurements®
Future studies should investigate whether 24-hours, daytime, or
nighttime PWV provide useful predictive information on cognitive
function and dementia, as we have shown for PP.

Other important findings in our study are that in middle-aged
and older-treated hypersensitive individuals, PP was also related to
the presence of cSVD and both were related to MCl. A previous
observational study showed that ambulatory SBP at nighttime was
associated with the presence and progression of WMHs and SBP at
daytime was only related to WMH progression.®' Indeed, a
crosstalk has been described between large and small brain
arteries that might partly explain our findings. In normal
conditions, cerebrovascular autoregulation maintains cerebral
blood flow constant despite the changes in BP in large vessels
such as carotid and vertebral arteries thereby protecting the brain
from changes in perfusion pressure. However, an increase in PP has
a greater effect on brain cellsthan in peripheral organs, since they
lack the protection of upstream-vasoconstricted vessels. So, small
brain arteries depend on their own resilience to adapt to high-
pressure fluctuations and the failure in this adaptation leads to
microvasculature damage (hypertrophic remodeling of the vessel
wall, lumen narrowing, and vessel rarefaction), which may not only
serve to protect the microcirculation from pulsatile barotrauma in
the presence of high PP, but also in return will cause an increased
resistance to blood flow32 Microvascular disease may produce
hypoperfusion that could lead to cognitive impairment.®® Also,
microvascular disease may result in cerebral infarctions and takes
part in the genesis of WMHs as seen in previous studies®* Then,
both the number of silent brain infarcts and WMHSs were related to
cognitive impairment and dementia, in part because of disconnec-
tion of cortico-subcortical loops® Our results also showed that
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daytime PP was associated with attention function, which is
considered to be localized in frontal regions that have cortico-
subcortical connections®®

Our findings might have therapeutic implications. Lifestyle
interventions like aerobic physical exercise have been shown to
reduce AS” and also, a protective role for cognitive decline has
been suggested®® Clinical trials with antihg/per‘[ensive medication
also shown to be effective to reduce AS®® However, inconsistent
results were shown when analyzing if antihypertensive treatment
was able to reduce the progression of cognitive decline and the
clinical onset of dementia™ Although limitations of these trials
have been noted (i.e., cognitive results were analyzed as secondary
outcomes and with small sample sizes, short follow-up time, etc.), it
remains to be determined if reducing AS has any added effect on
reducing dementia and cognitive decline beyond what should be
expected by BP reduction. In our case, differences were seen with
different BPLDs both for cognitive status and cognitive function
(although they were not independent of VR and AS), further
research is therefore needed to clarify the differential effect of
BPLDs in cognitive impairment.

The strengths of this study are the relatively large sample size of
community-dwelling hypersensitive individuals without dementia
and stroke. Besides, AS measurements were performed by
different approaches with oscillometric devices, at different places
(office and ambulatory) and as single and multiple (24 hours)
assessments. Smilarly, we used a standard MR protocol for the
whole cohort and adjusted our results also for VRFs and cSVD. We
used a quite extensive cognitive screening test for the selection
and diagnosis of the participants that provide more information
than for instance Mini-Mental Sate BExamination or other shorter
tests. However, using a comprehensive cognitive battery for all the
participants, and not in those who failed the DRS-2, just would
have diminished the rate of misdiagnosis associated with screen-
ing tests. Also using volumetric assessment of white and gray
matter would permit a more accurate quantification of cSVD.

AUTHOR CONTRIBUTIONS

IRL helped in study conception and design, acquisition of data, analysis and
interpretation of data, drafted the manuscript, and approved the final version of
the manuscript. CN helped in acquisition of data, interpretation of data, drafted
the manuscript, and approved the final version of the manuscript. JF helped in
acquisition of data, drafted the manuscript, and approved the final version of

© 2015 1SCBAVI



the manuscript. JLT, XM, and AV-B helped in interpretation of data, revised it
critically for intellectual content, and approved the final version of the
manuscript. EV helped in study design, interpretation of data, revised it critically
for intellectual content, and approved the final version of the manuscript. ClJ
helped in acquisition of data, revised it critically for intellectual content, and
approved the final version of the manuscript. JM helped in study conception
and design, interpretation of data, revised it critically for intellectual content,
and approved the final version of the manuscript. PD is the corresponding
author and helped in study conception and design, acquisition of data, analysis
and interpretation of data, drafting the article and revising it for intellectual
content, and approved the final version of the manuscript.

DISCLOSURE/CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1 O'Rourke MF, Hashimoto J. Mechanical factors in arterial aging: a clinical per-
spective. J Am Coll Cardiol 2007; 50: 1-13.

2 Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele NM, Bos ML,
Schalekamp MA et al. Arterial stiffness and risk of coronary heart disease and
stroke: the Potterdam Study. Girculation 2006; 113: 657—-663.

3 Laurent S Katsahian S Fassot C, Tropeano Al, Gautier |, Laloux B et al. Aortic
stiffness is an independent predictor of fatal stroke in essential hypertension.
Stroke 2003; 34: 1203—1206.

4 Henskens LH, Kroon AA, van Oostenbrugge RJ, Gronenschild BEH, Fuss-Lejeune
MM, Hofman PA et al. Increased aortic pulse wave velocity is associated with
silent cerebral small-vessel disease in hypertensive patients. Hypertenson 2008;
52:1120—1126.

5 Poels MM, Zaccai K, Verwoert GC, Vernooij MW, Hofman A, van der Lugt A et al.
Arterial stiffness and cerebral small vessel disease: the Rotterdam Scan Sudy.
Sroke 2012; 43: 2637-2642.

6 Rabkin SW. Arterial stiffness: detection and consequences in cognitive impair-
ment and dementia of the elderly. J Aizheimers Dis 2012; 32: 541-549.

7 Poels MM, van Oijen M, Mattace-Raso FU, Hofman A, Koudstaal PJ, Witteman JC
et al. Arterial dtiffness, cognitive decline, and risk of dementia: the
Fotterdam study. Sroke 2007; 38: 888—-892.

8 Sugawara N, Yasui-Furukori N, Umeda T, Kaneda A, Sato Y, Takahashi | et al.
Comparison of ankle-brachial pressure index and pulse wave velocity as markers
of cognitive function in a community-dwelling population. BVIC Psychiatry 2010;
10: 10-46.

9 Yaneva-Srakova T, Tarnovska-Kadreva R Traykov L Pulse pressure and mild
cognitive impairment. J Cardiovasc Med 2012; 13: 735-740.

10 Petersen RC, Roberts RO, Knopman DS Boeve BF, Geda YE, Ivnik RJ et al. Mild
cognitive impairment: ten years later. Arch Neurol 2009; 66: 1447-1455.

11 Rebkin SW, Jarvie G. Comparison of vascular stiffness in vascular dementia, Alz-
heimer dementia and cognitive impairment. Bood Press 2011; 20: 274-283.

12 Van Bortel LM, Duprez D, Sarmans-Kool MJ, Safar ME Giannattasio C, Cockcroft J
et al. Cinical applications of arterial stiffness, Task Force Ill: recommendations for
user procedures. Am J Hypertens 2002; 15: 445-452.

13 Rba-Lena |, Jarca Cl, Mundet X, Tovar J, Orfila F, Lopez-Rueda A et al. Investi-
gating silent strokes in hypertensives: a magnetic resonance imaging study
(ISSYS): rationale and protocol design. BMIC Neurol 2013; 13: 130.

14 Jdurica PJ, Leitten CL, Mattis S DRS2. Dementia Rating Scale-2.
Professional Manual. Psychological Assessment Resources, Inc 2001.

15 Rba |, Jarca Cl, Mundet X, Tovar J, Orfila F, Nafria C et al. Cognitive assessment
protocol design in the ISSYS (Investigating Slent Srokes in hYpertensives: a
magnetic resonance imaging Sudy). J Neurol i 2012; 322: 79-81.

16 Espinosa A, Alegret M, Valero S Vinyes-Junque G, Hernandez |, Mauleon A et al. A
longitudinal follow-up of 550 mild cognitive impairment patients: evidence for
large conversion to dementia rates and detection of major risk factors involved. J
Alzheimers Dis 2013; 34: 769-780.

17 Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MRsignal abnormalities

at 15T in Alzheimer's dementia and normal aging. AR Am J Roentgenol 1987;

149: 351-356.

Belghazi J, B Feghali RN, Moussalem T, Rejdych M, Asmar RG. Validation of four

automatic devices for self-measurement of blood pressure according to the

1

[e)

Twenty-four-hours pulse pressure predicts cognitive outcome
| Rba-Llena et al

.@

International Protocol of the European Society of Hypertension. Vasc Health Rsk
Manag 2007; 3: 389-400.

19 Hickson SS, Butlin M, Broad J, Avolio AP, Wilkinson 1B, McEniery OM. Validity and
repeatability of the Vicorder apparatus: a comparison with the
SphygmoCor device. Hypertens Res 2009; 32: 1079-1085.

20 OBrien E Petrie J, Littler W, de Swiet M, Padfield PL, O'Malley K et al. The British

Hypertension Society protocol for the evaluation of automated and semi-

automated blood pressure measuring devices with special reference to ambula-

tory systems. J Hypertens 1990; 8: 607-619.

Mitchell GF, van Buchem MA, Sgurdsson S Gotal JD, Jonsdottir MK, Kjartansson O

et al. Arterial stiffness, pressure and flow pulsatility and brain structure and

function: the Age, Gene/Environment Susceptibility— Reykjavik study. Brain 2011;

134: 3398-3407.

22 Waldstein SR Hce SC, Thayer JF, Najjar SS Scuteri A, Zonderman AB. Pulse
pressure and pulse wave velocity are related to cognitive decline in the Baltimore
Longitudinal Study of Aging. Hypertension 2008; 51: 99-104.

23 Pase MP, Pipingas A, Kras M, Nolidin K, Gibbs AL, Wesnes KA et al. Healthy middle-
aged individuals are vulnerable to cognitive deficits as a result of increased
arterial stiffness. J Hypertens 2010; 28: 1724—1729.

24 Peters R Beckett N, Fagard R Thijs L, Wang JG, Forette F et al. Increased pulse
pressure linked to dementia: further results from the Hypertension in the Very
Bderly Trial - HYVET. J Hypertens 2013; 31: 1868-1875.

25 OBrien E Parati G, Sergiou G, Asmar R Beilin L, Bilo G et al. European Society of
Hypertension position paper on ambulatory blood pressure monitoring. J
Hypertens 2013; 31: 1731-1768.

26 Kim JE Shin JS Jeong JH, Choi KG, Park KD, Kim S Relationships between 24-hour
blood pressures, subcortical ischemic esions, and Cognitive Impairment. J Qin
Neurol 2009; 5: 139-145.

27 Poush GC, Fagard RH, Salles GF, Pierdomenico D, Reboldi G, Verdecchia P et al.
Prognostic impact from clinic, daytime, and night-time systolic blood pressure in
nine cohorts of 13,844 patients with hypertension. J Hypertens 2014; 32:
2332-2340.

28 Nagai M, Hoshide S Ishikawa J, Shimada K, Kario K Ambulatory blood pressure as
an independent determinant of brain atrophy and cognitive function in elderly
hypertension. J Hypertens 2008; 26: 1636—1641.

29 Chen HF, Chang-Quan H, You C, Wang ZR Hui W, Liu QX et al. The circadian
rhythm of arterial blood pressure in Alzheimer disease (AD) patients without
hypertension. Bood Press 2013; 22: 101-105.

30 Papaioannou TG, Argyris A, Protogerou AD, Vrachatis D, Nasothimiou EG, Sfikakis
PP et al. Non-invasive 24 hour ambulatory monitoring of aortic wave reflection
and arterial stiffness by a novel oscillometric device: the first feasibility and
reproducibility study. Int J Cardiol 2013; 169: 57-61.

31 White WB, Wolfson L, Wakefield DB, Hall CB, Campbell P, Moscufo N et al. Average
daily blood pressure, not office blood pressure, is associated with progression of
cerebrovascular disease and cognitive decline in older people. Grculation 2011;
124:2312-2319.

32 O'Rourke MF, Safar ME Relationship between aortic stiffening and microvascular
disease in brain and kidney: cause and logic of therapy. Hypertenson 2005; 46:
200-204.

33 Poman GC. Brain hypoperfusion: a critical factor in vascular dementia. Neurol Res
2004; 26: 454-458.

34 Pantoni L Cerebral small vessel disease: from pathogenesis and clinical char-
acteristics to therapeutic challenges. Lancet Neurol 2010; 9: 689-701.

35 Kuller LH, Lopez OL, Jagust WJ, Becker JT, DeKosky ST, Lyketsos C et al. Deter-
minants of vascular dementia in the Cardiovascular Health Cognition Study.
Neurology 2005; 64: 1548—1552.

36 Cummings J.. Subcortical dementia. Neuropsychology, neuropsychiatry, and
pathophysiology. Br J Psychiatry 1986; 149: 682-697.

37 Ashor AW, Lara J, Servo M, Celis-Morales C, Mathers JC. Hfects of exercise
modalities on arterial stiffness and wave reflection: a systematic review and meta-
analysis of randomized controlled trials. PLoS One 2014; 9: e110034.

38 Sofi F, Valecchi D, Bacci D, Abbate R Gensini GF, Casini A et al. Physical activity
and risk of cognitive decline: a meta-analysis of prospective studies. J Intern Med
2011; 269: 107-117.

39 Scuteri A, Nilsson PM, Tzourio C, Redon J, Laurent S Microvascular brain damage
with aging and hypertension: pathophysiological consideration and clinical
implications. J Hypertens 2011; 29: 1469-1477.

40 Serra C, Domenech M, Camafort M, Coca A. Hypertension and mild cognitive
impairment. Qurr Hypertens Rep 2012; 14: 548-555.

2

—

Supplementary Information accompanies the paper on the Journal of Cerebral Blood Flow & Metabolism website (http//www.nature.

com/jcbfm)

© 2015 1SCBFVI

Journal of Cerebral Biood Fow & Metabolism (2015), 1-7

~



Supplemental Table 1. Univariate analysis of cognitive function with VRF, arterial stiffness and
cerebral small vessel disease.

Characteristic Z Total Z Attention Z Executive Z Memory
function
Age, years r=-0.29, r=-0.21, r=-0.27, p<0.01 | r=-0.11, p<0.05
p<0.01 p<0.01
Sex, male vs female | 0.08(0.97) vs - | 0.11(0.82) vs - | 0.10(1.22) vs - -0.01 (0.99) vs
0.09(1.02) 0.12(1.16) 0.11(1.16) 0.01(0.98)
p=0.01 P<0.05 P<0.05 p=0.60
Education, years r=0.49, p<0.01 | r=0.34, p<0.01 | r=0.45, p<0.01 r=0.23, p<0.01
Diabetes mellitus, -0.11(1.09) vs -0.08(1.26) vs -0.05(1.17) vs -0.13 (1.16) vs
0.03(0.97) 0.02(0.92) 0.01(1.19) 0.04(0.94)
yes vs. no
p=0.15 p=0.43 p=0.47 p=0.12
Total cholesterol, r=0.03, p=0.42 | r=-0.03, p=0.37 | r=0.04, p=0.32 r=-0.01, p=0.84
mg/dl
Current smoker, yes | 0.17(0.91) vs - | 0.18(0.83) vs - | 0.18(1.12) vs - 0.10(0.97) vs -
0.04(1.01) 0.04(1.03) 0.04(1.20) 0.02(1.00)
VS no
p=0.05 p=0.02 p=0.07 p=0.22
cfPWV, m/s r=-0.07, p=0.06 | r=0.01, p=0.91 | r=-0.09, p=0.02 | r=-0.02, p=0.61
Long acting Calcium | -0.15(1.1) vs. -0.10(1.0) vs. -0.14(1.30) vs. -0.06(1.11) vs.
0.03(0.98) 0.01(1.03) 0.03(1.17) 0.02(0.98)
channel blocker use,
p=0.12 p=0.31 p=0.19 p=0.48

yes vs. no

Thiazide use, yes vs.

no

Beta blocker use,

yes vs. no

Angiotensin
converting enzyme
inhibitor use, yes vs.
no

Angiotensin receptor

-0.06(1.01) vs.
0.05(0.99)

p=0.12

0.03(0.97) vs. -
0.10(1.01)

p=0.61

-0.04(0.95) vs.
-0.04(1.05)

p=0.28

-0.10(1.08) vs.
0.04(0.97)

-0.08(0.99) vs.
0.06(1.05)

vs. p=0.07

-0.01(0.83) vs.-
0.01(1.08)

0.11(0.78) vs. -
0.12(1.20)

p=0.003

-0.07(1.07) vs.
0.02(0.01)

-0.03(1.21) vs.
0.04(1.16)

p=0.43

0.07(1.22) vs. -
0.14(1.17)

0.00(1.23) vs.
0.00(1.015)

p=0.21

-0.07(1.18) vs.
0.03(1.18)

-0.03(0.99) vs.
0.04(1.01)

p=0.35

-0.04(0.99) vs.
0.02(1.00)

0.05(0.91) vs. -
0.04(1.07)

p=0.99

-0.09(1.08) vs.
0.04(0.96)




blocker use, yes vs.
no

Office PP, mmHg

24 PP, mmHg

Day PP per SD
increase, mmHg

Night PP, mmHg

Any lacunar infarct
Number of lacunar

infarcts

Subcortical WMH

Periventricular WMH

Total WMH

p=0.13

r=-0.15,
p<0.01

r=-0.24,
p<0.01

r=-0.23,
p<0.01
r=-0.22,
p<0.01

r<-0.01,

r=-0.16,
p<0.01

r=-0.09,
p=0.01

r=-0.15,
p<0.01

p=0.29

r=-0.09,
p=0.01

r=-0.14,
p<0.05

r=-0.13,
p<0.05
r=-0.14,
p<0.05
p=0.57

r=0.02, p=0.54

r=-0.09,
p=0.01

r=-0.03, p=0.35

r=-0.08,
p=0.02

p=0.32

r=-0.15, p<0.01

r=-0.21, p<0.01

r=-0.20, p<0.01

r=-0.18, p<0.01

r=0.01, p=0.69

r=-0.13, p<0.01

r=-0.10, p<0.05

r=-0.13, p<0.01

p=0.13

r=-0.01, p=0.80

r=-0.08, p=0.10

r=-0.08, p=0.11

r=-0.08, p=0.12

r<-0.05, p=0.95

r=-0.10, p<0.05

r=-0.02, p=0.54

r=-0.07, p=0.04

Associations between continuous variables are expressed as correlation coefficient r and p-

value, mean (SD) and p-value or count (%) and p-value when one variable is not continuous.

PP: pulse pressure. Cf-PWV: carotid-femoral pulse wave velocity. WMH: white matter

hyperintensities.

Significant values are shown in bold.
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Small Cortical Infarcts: Prevalence, Determinants And
Cognitive Correlates In The General Population

Small cortical infarcts in the general population

lolanda Riba-Llena, MD; Marcel Koek, Msc; Benjamin F.J. Verhaaren, MD, PhD; Henri A. Vrooman, PhD; Aad van der
Lugt, MD, PhD; Albert Hofman, MD, PhD; M. Arfan Ikram, MD, PhD and Meike W. Vernooij, MD, PhD

Background Cortical brain infarcts are defined as infarcts
involving cortical grey matter, but may differ considerably
in size. It is unknown whether small cortical infarcts have
a similar clinical phenotype as larger counterparts. We
investigated prevalence, determinants and cognitive
correlates of small cortical infarcts in the general
population and compared these to large cortical infarcts
and lacunar infarcts.

Methods 4905 individuals from a population-based study
(age 63.95+10.99). Infarcts were rated on MRI and
participants were classified according to mean infarct
diameter into small (€15mm in largest diameter) or large
(>15mm) cortical infarcts, lacunar infarcts or a
combination of subtypes. Spatial distribution maps were
created for manually labeled small and large infarcts.
Participants underwent cognitive testing. Analyses were
performed using multinomial regression and analysis of
covariance.

Results 381 (7.8%) persons had any infarct on MRI, among
whom 54 with small (1.1%) and 77 (1.6%) with large
cortical infarcts. Small cortical infarcts were mainly
localized in external watershed areas, whereas large
cortical infarcts were localized primarily in large arterial
territories. Age (OR=1.06; 95% Cl= 1.02,1.09), male sex
(1.98;1.01,3.92) and smoking (2.55;1.06,6.14) were
determinants of small cortical infarcts. Participants with
these infarcts had worse scores in delayed memory,
processing speed and attention tests than persons
without infarcts, even after adjustment for cardiovascular
risk factors.

Conclusions In the elderly, small cortical infarcts appear
as frequent as large infarcts but in different localization.
Our results suggest that small cortical infarcts share
cardiovascular risk factors and cognitive correlates with
large cortical, but also with lacunar infarcts.

From the Neurovascular Research Laboratory, Vall Hebron’s
Research Institut. Universitat Autonoma de Barcelona,
Barcelona, Spain (I R-L). From the Departments of
Epidemiology (I. R.-L., B.F.J.V., A.H., A.M.l., M\W.V.), Medical
Informatics (M.K., H.A.V.), Radiology (M.K., B.J.F.V, HA.V.,
A.v. d. L. and M.\W.V.) and Neurology (A.M.l.), Erasmus MC
University Medical Center, Rotterdam, The Netherlands.

Corresponding author:

Meike Vernooij

Departments of Epidemiology and Radiology
Erasmus MC University Medical Center
Rotterdam

The Netherlands

Email: m.vernooij@erasmusmec.nl

Phone: 0031107042006

Introduction
In old age, cerebrovascular disease with ischemic stroke as
the most common manifestation is highly frequent. Apart from

their clinical presentation, brain infarcts are also common
findings on brain MRI studies in the general elderly
population.‘ These MRI-defined infarcts have been related to
risk of dementia and lower cognitive function,z’ 3 even when the
infarcts were clinically asymptomatic.1

The localization and number of infarcts have clinical
implications. Cortical infarcts, especially if multiple, have been
related to poor global and memory performance and
inconsistently to worse processing speed."'6 Conversely,
lacunar infarcts in the subcortical regions have been frequently
associated to executive dysfunction, decline of psychomotor
speed and also memory deficits when affecting thalamic
nuclei."”

Recently, attention has been focused towards cortical
microinfarcts, very small size infarcts only seen on microscopic
pathologic studies or in vivo high field MRL®™ Based on
features on pathologic examination and on their presentation
in selected patient populations, these microinfarcts are
currently considered a marker of cerebral small vessel
disease. Although few clinical-pathological and community-
based studies have suggested that these lesions are related to
dementia and low cognitive performance,'’* potential clinical
implications of these tiny lesions during life remain largely
unknown. Though not microscopic in size, small sized cortical
infarcts are also frequently seen on imaging studies in
populations of asymptomatic persons or in community dwelling
cohorts. However, to date we do not know if differences exist
between small (but still visible) and larger cortical infarcts on
conventional MRI. For example, it is unknown whether small
cortical infarcts are pathophysiologically similar but just smaller
in size compared to their larger counterparts or whether they
should be considered as a separate subtype between
microinfarcts and large cortical infarcts. It is in particular
interesting to study whether these small cortical infarcts share
determinants with their larger counterparts, whether they
demonstrate a similar spatial distribution, and how these small
cortical lesions affect cognitive function.

Aim of the present study was to investigate the prevalence and
distribution of small cortical infarcts in a general aging
population, study their determinants and how these infarcts
relate to cognitive function. We compared this to large cortical
infarcts, lacunes and combined infarct types.

Methods

Participants The study is based on participants from the
Rotterdam  Study, a population-based study in The
Netherlands that aims to investigate determinants of several
chronic diseases among elderly people15. The original cohort
consists of general population older than 55 years (n=7983)
followed since 1990 and had been expanded with participants
older than 45 twice, in 2000 (n=3011) and in 2006 (n=3932).
Participants are invited every two or three years for the follow-
up visits. Since 2005 participants with no contraindications for
brain MRI were invited to undergo brain MRI in each round of
visits.

For this analysis we used data from the last completed visit of
the three cohorts (from 2005 to 2011). All participants
underwent a brain MRI, were not demented and had data at
least in one of the cognitive tests (N=4905).

The Rotterdam Study has been approved by the medical
ethics committee according to the Wet Bevolkingsonderzoek



ERGO (Population Study Act Rotterdam Study), executed by
the Ministry of Health, Welfare and Sports of the Netherlands.
All participants gave written informed consent.

MRI-defined infarcts The MRI protocol was described
elsewhere.'® In short, we performed an identical brain MRI
protocol with the same 1.5-T scanner. Brain infarcts were
rated on T1 weighted (T1), proton density weighted (PD) and
axial fluid-attenuated (FLAIR) sequences. For this study, only
supratentorial infarcts were considered. We defined cortical
infarcts as supratentorial lesions involving cortical gray matter,
hypointense in axial T1 and hyperintense in PD and FLAIR
sequences with a hyperintense rim surrounding them. A cut-off
of 15 mm size between small and large cortical infarcts was
based on mean cortical infarct diameter across the population
as well as previous literature'” .So, in practice cortical infarcts
were considered small when the widest diameter of tissue loss
was < 15 mm and large when >15mm. Examples of these
infarcts are displayed in Figure 1. Lacunar infarcts were
defined as lesions from = 3 to <15 mm in the supratentorial
region, without cortical grey matter involvement, and with
cerebrospinal-like signal characteristics in all pulse sequences
and with the presence of a hyperintense rim surrounding them
on FLAIR. ."® Participants were categorized according to
infarct type (no infarct, small cortical infarcts, large cortical
infarcts, lacunar infarcts or combination of infarcts).
Combination of infarct types was considered when a
participant had both lacunar infarct(s) and any cortical
infarct(s). Persons with both small and large cortical infarcts
were categorized in the large cortical infarct category. In a
sensitivity analysis, we checked whether grouping of these
persons into the combination of infarct types changed the
results (see also Statistical Analysis).

Figure 1: Examples of small and large cortical infarcts. In the
upper panels, a small cortical infarct (arrows) is shown in
FLAIR (A) and T1 (B) weighted sequences. A magnification of
the small cortical infarct image showing tissue loss (arrow) is
displayed in C. A large cortical infarct (arrow) in the left
temporal cortex is seen (D).

Rating of presence of all infarcts was done by trained
physicians. '8 Distinction between small and large cortical
infarcts was performed afterwards by a single trained
physician who was blinded to clinical information. First, the
reading and measuring of cortical infarcts was performed with
a digital picture archiving and communication system. Doubtful
cases were decided by consensus of a senior neuroradiologist
and a senior trained researcher. Second, labeling of small and

large cortical infarcts was performed by marking the center of
the lesion using in-house developed software. For analysis
across the study population all T1 weighted MR scans and
marked locations were registered to MNI template space
(http://www.mni.mcgill.ca/).Using the marked locations spatial
probability maps were constructed with kernel density
estimation for small and large cortical infarcts separately. A
Gaussian kernel was used to obtain the probability density
function which showed the spatial distribution of the cortical
infarcts.

Cognitive assessment Cognitive performance was assessed
in the same round of visits of the MRI examination. The
cognitive battery included the 15-word verbal learning test
(WLT, based on Rey’s recall test), the Letter-digit substitution
test (LDST), the Stroop test, the Purdue Pegboard test and a
verbal fluency test (semantic category).

We standardized the raw data with its Z score (individual test
score minus mean test score of the entire sample divided by
the standard deviation).

As described previously,18 we calculated a general cognitive
factor (G-factor) performing a principal component analysis
incorporating Color-word interference subtask of the Stroop
test, LDST, verbal fluency test, delayed recall score of the 15-
WLT and Purdue Pegboard Test of both hands. This analysis
was performed on complete case data of 4135 persons. The
G-factor was identified as the first unrotated component of the
factor analysis and explained 50.9% of all variance in the
cognitive tests.

Assessment of covariates Cardiovascular risk factors were
assessed during study visits either by interview or by physical
examination or laboratory tests."® Cardiovascular risk factors in
our analysis included systolic and diastolic blood pressure,
total and high-density (HDL) cholesterol, diabetes mellitus,
smoking (never, previous smoker and current smoker) and
being under blood pressure lowering drugs.

Education level was divided into 7 categories: O= primary ,
1=lower vocational , 2=lower secondary , 3=intermediate
vocational , 4=general secondary , 5=higher vocational and
6=university.

ApoE genotyping was performed on coded genomic DNA
samples in 4587 cases (93.5%). Distribution of ApoE genotype
and allele frequencies was in Hardy-Weinberg equilibrium.

Statistical analysis For descriptive purposes, categorical
variables were expressed in numbers and percentages. For
continuous variables mean and standard deviation or median
and interquartile range were used depending on their
normality.

We investigated the relation of several cardiovascular risk
factors, blood pressure lowering drugs, education and ApoE to
the different infarct groups (no infarcts, small cortical, large
cortical, lacunar and combined infarct types) using multinomial
logistic regression. Results are given in OR and 95%
confidence interval.

We used analysis of covariance to assess the relation of each
cognitive test (Z score and G-factor) with the different infarct
groups. In the first model the analysis was adjusted by age,
sex and education. In the second model we additionally
adjusted for several cardiovascular risk factors, blood pressure
lowering drugs and ApoE4 alleles.

We repeated the analysis after classification of participants
with both small and large cortical infarcts into the combination
of infarcts category. Also, we repeated the analysis after
excluding those individuals who had a prevalent stroke.
Results are given in mean group differences and 95%
confidence interval. No infarct group was the reference
category.



All the analyses were done using SPSS 19. P-values <0.05
were considered significant.

Results

Prevalence of any supratentorial brain infarct was 7.8%
(n=381) in the entire population. Cortical infarcts had a mean
diameter of 14.4+15.32. Of persons with infarcts, 54 (14.2%)
had small, 77 (20.2%) had either large cortical infarct(s) or
large and small cortical infarcts, 224 lacunar (58.8%) and only
26 (6.8%) had combined infarct types.

Table 1 shows the characteristics of the study population.
Mean age was 63.9 years and 55% were women.

Table 1. Population characteristics.

Values are means (standard deviation) or numbers
(percentage) or median [interquartile range]. Missing data:
ApoE Alleles (318)

Table 2. Association of infarct types with cardiovascular risk factors,

multinomial regression analysis.

Characteristic N=4905
Age at scan (years) 63.9(x11.0)
Sex, male 2208(45.0%)
Systolic blood pressure (mmHg) 139.1(x21.4)
Diastolic blood pressure (mmHg) 82.5(x10.9)

Lowering blood pressure drugs
Diabetes mellitus

1329(36.1%)
478(9.8%)

Total cholesterol (mmol/L) 5.5(x1.1)
HDL cholesterol (mmol/L) 1.4(x0.4)
Active smoker 759(15.6%)
Past smoker 2636(54.0%)
Educational level 3[1,3]
ApoE4 one allele 1215(26.5%)

ApoE4 both alleles

112(2.4%)

Table 2 shows the relation of demographic characteristics,
several cardiovascular risk factors, hypertension treatment and
ApoE4 allele with infarct types. Small cortical infarcts were
associated with increasing age, male sex and smoking
compared to persons without infarcts. Otherwise, the use of
blood pressure lowering drugs was associated to less
presence of small cortical infarcts.

hypertension treatment, education and ApoE4 alleles, using

Small cortical infarcts

Large cortical infarcts

Lacunar infarcts Combined infarct

(N=54)

(N=77)

(N=224)

types
(N=26)

Age per year increase

Sex, male

Systolic blood pressure per
mmHg increase

Diastolic blood pressure per
mmHg increase

Use of blood pressure
lowering drugs

Diabetes mellitus

Total cholesterol per mmol/L
increase

HDL cholesterol per mmol/L
increase

Active smoker

Past smoker

1.06(1.02;1.09)
1.98(1.01;3.92)
1.01(0.99;1.03)
0.98(0.95;1.01)
0.49(0.26;0.93)

1.36(0.55;3.36)
0.92(0.68;1.23)

0.62(0.26;1.48)

2.55(1.06;6.14)
0.98(0.46;2.07)

1.06(1.03;1.09)
2.13(1.22;3.73)
0.98(0.96;0.99)
1.04(1.01;1.07)
0.58(0.34;0.97)

1.53(0.64;3.66)
0.92(0.72;1.18)

1.14(0.58;2.22)

1.89(0.89;3.99)
1.03(0.57;1.86)

1.07(1.05;1.08)
1.78(1.26;2.50)
1.01(0.99;1.02)
1.01(0.99;1.03)
0.76(0.55;1.04)

0.76(0.51;1.16)
0.90(0.77;1.04)

1.16(0.77;1.73)

1.99(1.22;3.27)
1.24(0.86;1.80)

1.08(1.03;1.13)
0.62(0.24;1.62)
1.01(0.98;1.03)
1.01(0.96;1.06)
0.98(0.40;2.43)

0.36(0.14;0.93)
0.63(0.41;0.97)

0.47(0.13;1.67)

1.87(0.59;5.93)
0.58(0.22;1.53)

Educational level 0.98(0.82;1.16) 0.88(0.76;1.02) 0.97(0.89;1.06) 1.22(0.95;1.57)
ApoE4 one allele 0.99(0.51;1.95) 0.76(0.42;1.39) 1.01(0.72;1.43) 2.21(0.93;5.25)
ApoE4 both alleles 1.98(0.46;8.57) 2.59(0.90;7.45) 1.99(0.92:4.30) -

Values are OR and 95% CI. Reference category is no infarcts (N=4524). Significant values are bolded.

Analysis is adjusted by all covariates (age, sex, education, systolic and diastolic blood pressure, use of blood pressure lowering drugs,

diabetes mellitus, Total and HDL cholesterol, smoking habit and ApoE4).

Figure 2 displays spatial distribution maps for all small and
large cortical infarcts. Neither small nor large infarcts were
uniformly distributed. The small ones were more frequently

found in external border zone areas in frontal and parietal
cortex. By contrast, large cortical infarcts were more frequently
located in areas corresponding to large territorial zones of
medial, anterior and posterior cerebral arteries.

Figure 2: Spatial distribution maps for small and large cortical infarcts. Backgrounds are T1 weighted MNI templates overlayed with the
colored spatial distribution maps. Axial (A) and coronal (C) cross-section for small cortical infarcts showing accumulation of lesions in
external borderzones. Axial (B) and coronal (D) cross-section showing accumulation of large cortical infarcts in temporoparietal cortex
and left external occipital borderzone. Color scale, increasing probability of finding an infarct from below (transparency, lowest probability)

to top (white, highest probability).
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Regarding cognitive function, Tables 3 and 4 display the
results for the relation of different infarct types with cognitive
performance. Compared to persons without infarcts, those with
small cortical infarcts showed lower scores in delayed recall in
WLT (Table 3) and Stroop test (Table 4) after adjusting for
age, education and gender (model 1). The pattern of
association between small infarcts and cognition showed

cortical infarcts (for delayed memory in WLT and Stroop) as
compared to persons without infarct. Large cortical infarcts
and combined infarct type groups showed worse function on
virtually all cognitive tests. Further correction for
cardiovascular risk factors and ApoE4 genotype (model 2) did
not change substantially the results, except for Stroop part 1 in
large cortical infarcts and Stroop part 2 in small cortical infarcts
that lost their significance (Table 4).

similarities with both lacunes (for Stroop test) and large

Table 3. Association of cognitive performance with brain infarcts, using analysis of covariance.

Purdue both hands

Stroop 1

Stroop 2

Stroop 3

Cognitive G-factor

Small cortical infarct
Model 1 0.12(-0.12;0.37)

Model 2 0.18(-0.13;0.37)
Large cortical infarct

Model 1 -0.33(-0.54;-0.12)

Model 2 -0.32(-0.53;-0.10)
Lacunar infarct

Model 1 -0.32(-0.44;-0.20)

Model 2 -0.34(-0.46;-0.21)

Combination of infarct types
Model 1 -0.67(-0.99;-0.35)
Model 2 -0.61(-0.93;-0.28)

0.54(0.28;0.81)
0.48(0.21;0.75)

0.27(0.04;0.50)
0.22(-0.01;0.45)

0.19(0.06;0.32)
0.20(0.06;0.33)

0.60(0.23;0.96)
0.52(0.16;0.89)

0.27(0.01;0.54)
0.21(-0.06;0.50)

0.60(0.36;0.82)
0.54(0.30;0.77)

0.21(0.08;0.34)
0.21(0.07;0.35)

0.78(0.41;1.15)
0.68(0.30;1.05)

0.40(0.15;0.65)
0.42(0.16;0.69)

0.50(0.29;0.71)
0.49(0.27;0.71)

0.13(0.01;0.26)
0.13(0.01;0.26)

0.65(0.30;0.99)
0.62(0.26;0.98)

-0.22(-0.47:0.03)
-0.22(-0.48:0.03)

-0.46(-0.67;-0.24)
-0.44(-0.66;-0.23)

-0.27(-0.39;-0.15)
-0.27(-0.40;-0.15)

-0.87(-1.18;-0.57)
-0.81(-1.12;-0.50)

Values represent difference in Z score for cognitive tests for each type of infarcts, compared to reference category (no infarcts).

Significant values are bolded.

Model 1: adjusted by age, education and sex.

Model 2: Additionally adjusted by systolic and diastolic blood pressure, Total and HDL cholesterol, diabetes, smoking, blood pressure

lowering drugs, ApoE4.



Table 4. Association of cognitive performance with brain infarcts, using analysis of covariance.

WFT

LDST

WLT immediate
recall

WLT delay recall

WLT recognition

Small cortical infarct

Model 1 -0.17(-0.42;0.07) -0.24(-0.48;0.01)

Model 2 -0.20(-0.46;0.06) -0.19(-0.44;0.07)
Large cortical infarct

Model 1 -0.28(-0.49;-0.07) -0.38(-0.58,-0.19)

Model 2 -0.22(-0.44;-0.01) -0.33(-0.54;-0.13)
Lacunar infarct

Model 1 -0.12(-0.25;0.01) -0.25(-0.37;-0.13)

Model 2 -0.14(-0.27;-0.01) -0.25(-0.37;-0.12)
Combination of infarct types

Model 1 -0.48(-0.83;-0.12) -0.64(-0.97;-0.31)

Model 2 -0.39(-0.76;-0.02) -0.59(-0.93;-0.24)

-0.09(-0.35;0.17)
-0.11(-0.38;0.16)

-0.20(-0.42;0.02)
-0.19(-0.42;0.03)

-0.11(-0.24;0.02)
-0.07(-0.21;0.06)

-0.30(-0.65;0.04)
-0.24(-0.60;0.12)

-0.30(-0.56;-0.03)
-0.31(-0.59;-0.04)

-0.40(-0.61;-0.17)
-0.37(-0.60;-0.14)

-0.13(-0.26;0.01)
-0.10(-0.24:0.04)

-0.51(-0.86;-0.16)
-0.42(-0.80;-0.06)

-0.21(-0.49;0.08)
-0.16(-0.45;0.14)

-0.08(-0.31;0.16)
-0.09(-0.33:0.15)

-0.05(-0.19;0.09)
-0.05(-0.20;0.09)

-0.12(-0.50;0.025)
-0.08(-0.48:0.31)

Values represent difference in Z score for cognitive tests for each type of infarcts, compared to reference category (no infarcts). In the
Stroop tests higher score means worse performance (longer time to complete the task). Significant values are bolded.

Model 1: adjusted by age, education and sex.

Model 2: Additionally adjusted by systolic and diastolic blood pressure, Total and HDL cholesterol, diabetes, smoking, blood pressure

lowering drugs, ApoE4.

When directly comparing cognitive performance of persons
with small cortical infarcts with those who had other types,
results were in similar direction. People with small cortical
infarcts had on average better cognitive function than persons
with other infarct types, except in Stroop part 3 that they had
worse perfomance than people with lacunar infarcts (p<0.05).
These results are shown in Supplemental Figure I.

Repeating the analyses considering those participants who
had both small and large cortical infarcts in the combination of
infarcts category did not change the interpretation of results
(data not shown).

After exclusion of participants with previous symptomatic
stroke (n=28), the associations of cognitive scores with small
cortical infarcts (compared with no infarct group) remained,
even after adjusting for the covariates in model 2
(supplemental Tables | and Il). However, virtually all the
differences between infarct groups attenuated or disappeared
(see supplementary figure Il for G-factor, rest of data not
shown).

Discussion

In this general population of non-demented elderly participants
we found that over 14% of persons with MRI-defined brain
infarcts exhibit only small-sized (< 15 mm) cortical infarcts
(overall prevalence 1.1%). Our most important findings are
that small cortical infarcts are located preferentially in the
external border zone areas and share determinants with other
infarct types. Besides, small cortical infarcts are associated
with delayed memory deficit and worse scores in attention,
information processing speed and interference of automated
response tasks. Loss of cognitive function associated with
small cortical infarcts is however less severe compared to
large cortical infarcts, lacunes and combined infarct types.

Strengths of our study are its population based-design and
large sample size. Some limitations of our study should be
considered. First, our study is cross-sectional and therefore we
cannot establish causality. Second, we did not separately rate
infratentorial infarcts that might influence cognitive functions.
%, Third, also in absence of a clear definition of small and
large infarcts, we chose a cut off based on the size distribution
in our own population and on literature on small cortical
infarcts in subacute stroke."”

Prevalence of small cortical infarcts in our study was 1.1% of
the whole cohort. That is lower than non-demented
microinfarct autopsy-based studies (range from 6-43%) and
microinfarct prevalence assessed by high field 7-T MRI in the
control groups of clinical setting (range 27-45%).% ° But it is
similar to large cortical infarcts in our cohort (1.6%) and to
prevalence estimates of small-sized and larger cortical infarcts
found in other community-based studies assessed by 1.5 and

3-Tesla MRI (size range 23 to 216 mm, prevalence range 2.7
to 6.4%).“® Small cortical infarcts were associated with male
sex and increasing age similar to large cortical and lacunar
infarcts. Besides, they shared determinants with large cortical
infarcts and also with lacunar infarcts.

The different spatial distribution of small and large cortical
infarcts suggests a different pathophysiological mechanism,
but studying the disease mechanisms is beyond the objectives
of our general population analysis. However, despite having
similar risk factors, large cortical infarcts were frequently found
in the territories of large intracranial vessels suggesting
atherosclerosis of these vessels or embolism while small ones
were frequently seen in external borderzone areas suggesting
hypoperfusion or embolic mechanism. 2 Similarly, previous
studies have found that microinfarcts were preferentially
located in watershed areas of pure Alzheimer's disease
autopsy cases and etiology was suspected to be
hypoperfusion.?

Previous groups have also published associations between
cognitive performance and brain infarcts. However, some did
not take into account cortical or subcortical localization,* and
most did not take into account lesion size® * ® or included only
a limited number of participants® ®. To our knowledge this is
the first study that evaluates small cortical infarcts in a large
sample of not demented individuals. It shows that despite the
limited size of these infarcts they have an adverse effect in
cognition.

Compared to healthy individuals, those with small cortical
infarcts had a worse cognitive performance in delayed memory
recall and executive function (attention, processing speed and
answer inhibition). Besides, their decreased performance in
both domains is similar to the one achieved by people with
large cortical and lacunar infarcts although of different
magnitude. When directly comparing with any infarct groups,
task performance is better for small cortical infarcts in most
tests suggesting an intermediate affection of these smaller
lesions. However, the effects on cognition of small cortical
infarcts might be also partly due to their different lobar
localization that is beyond the objectives of this study.

We observed that exclusion of participants with previous
symptomatic stroke did not alter the fact that persons with
small cortical infarcts had worse cognitive function than
controls. Moreover, differences in cognitive performance
between infarct groups disappeared or attenuated. This
suggests that despite the silent clinical course of small cortical
infarcts they might be playing a covert role in cognition, which
is to some extent similar to silent large cortical infarcts or silent
lacunes.



In summary, small cortical infarcts in non-demented old people
are frequently found in watershed areas and are associated
with deficits in cognitive function by affecting memory and
executive function. Our results suggest that small cortical
infarcts share cardiovascular risk factors and cognitive
correlates with large infarcts, but also with lacunar infarcts.
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Supplemental Table I. Association of cognitive performance with brain infarcts after excluding prevalent stroke.

WLT immediate

WFT LDST recall WLT delay recall | WLT recognition
o ] ] o i . -0.32(-0.61;- -0.17(-
Small cortical infarct -0.20(-0.47;0.07) 0.16(-0.42;0.10) 0.08(-0.36;0.20) 0.04) 0.47:0.12)
N . -0.23(-0.46;- . . .
Large cortical infarct -0.14(-0.39;0.10) 0.01) -0.02(-0.27;0.24) -0.24(-0.50;0.01) | 0.09(-0.18;0.37)
} -0.14(-0.27;- -0.25(-0.37;- 070 o1 - 1000 oa- -0.05(-
Lacunar infarct 0.01) 0.12) 0.07(-0.21;0.06) 0.10(-0.23;0.04) 0.20:0.09)
Combination of infarct . -0.41(-0.78;- . } R A a0
types -0.19(-0.59;0.21) 0.04) 0.06(-0.34;0.45) 0.21(-0.61;0.19) | 0.13(-0.30;0.56)

Values represent difference in Z score for each type of infarcts, compared to reference category (no infarcts). In the Stroop tests higher

score means worse performance (longer time to complete the task). Significant values are bolded.

Each regression model adjusted by age, education, gender, SBP, DBP, smoking, total cholesterol, HDL cholesterol, diabetes, blood

pressure lowering drugs, Apo€4.

Supplemental Table II. Association of cognitive performance with brain infarcts after excluding prevalent stroke.

Purdue both hands

Stroop 1

Stroop 2

Stroop 3

G-factor

Small cortical infarct

0.12(-0.13;0.38)

0.51(0.23;0.79)

0.22(-0.06;0.50)

0.46(0.19;0.73)

-0.23(-0.49;0.04)

Large cortical infarct

-0.25(-0.50;-0.01)

0.062(-0.19;0.31)

0.36(0.10;0.62)

0.44(0.20;0.68)

-0.31(-0.55;-0.06)

Lacunar infarct

-0.33(-0.46;-0.21)

0.20(0.06;0.33)

0.21(0.07;0.35)

0.13(0.01;0.26)

-0.27(-0.39;-0.15)

Combination of infarct types

-0.48(-0.83;-0.12)

0.23(-0.17;0.63)

0.46(0.05;0.87)

0.36(-0.03;0.76)

-0.51(-0.85;-0.17)

Values represent difference in Z score for each type of infarcts, compared to reference category (no infarcts). In the Stroop tests higher

score means worse performance (longer time to complete the task). Significant values are bolded.

Each regression model adjusted by age, education, gender, SBP, DBP, smoking, total cholesterol, HDL cholesterol, diabetes, blood

pressure lowering drugs, Apo€4.
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Supplemental Figure 1: Mean and standard error of the mean for each neuropsychological test among different infarct groups after
adjustment for covariates of model 2 (age, sex, education, systolic and diastolic blood pressure, diabetes mellitus, total and HDL
cholesterol, smoking, blood pressure lowering drugs and ApoE4). In the Stroop tests higher positive values mean greater time to achieve
the objective (worst performance). Asterisk represents statistically significant comparisons between groups with infarcts: *p<0.05,

**p<0.005, ***p<0.001

SCI: small cortical infarcts, LCI: large cortical infarcts, LI: lacunar infarcts, Comb: combination of infarct types
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Supplemental Figure Il: Mean and standard error of the mean of G-factor among different infarct groups after excluding prevalent
stroke. Adjustment for covariates of model 2 (age, sex, education, systolic and diastolic blood pressure, diabetes mellitus, total and HDL
cholesterol, smoking, blood pressure lowering drugs and ApoE4). *p<0.05, **p<0.005

SCI: small cortical infarcts, LCI: large cortical infarcts, LI: lacunar infarcts, Comb: combination of infarct types



E. SINTESIS DE LOS RESULTADOS Y DISCUSION

E.1. La enfermedad cerebrovascular silente. Prevalencia y determinantes de los
infartos cerebrales silentes (ICS) y de los espacios perivasculares dilatados (EPVD) en

hipertensos.

E.1.1. Prevalencia de los ICS

Nuestros resultados muestran que la prevalencia de ICS es del 10.1%,(125) aunque
sabemos que un 8.1% (0.8% en el global de participantes) no fueron realmente silentes
tras una nueva entrevista centrada en posibles sintomas del infarto cerebral detectado en
la resonancia.(126) Esto se puede deber a una falta de reconocimiento o a pasar por alto
sintomas leves o atipicos de ictus por parte del paciente, familia o personal sanitario.
Creemos que en los casos en los cuales se ha mostrado una relacion entre los sintomas vy la
imagen radioldgica ya no podemos seguir hablado de infarto cerebral silente y seria mejor

n u

usar términos como “no reportado”, “encubierto” o “subclinico”.(127)

Si nos centramos en la prevalencia de los ICS vimos que ésta es en nuestra cohorte inferior
a la media de la prevalencia en hipertensos.(125) Esto se puede deber a las caracteristicas
de la muestra (seleccidn al azar a partir de poblacién hipertensa en atencidn primaria vs.
seleccidn en clinicas especializadas) y de los participantes (la mayoria estan en tratamiento
hipotensor vy las cifras de la PA son mas bajas que en otros trabajos en hipertensos).

En cuanto al sexo, la probabilidad de tener un ICS en hombres es mds del doble que en las
mujeres, independientemente de otros FRV. El andlisis estratificado por sexo ya mostrd
diferencias importantes en los FRV y en el REGICOR, todos excepto las medidas de
obesidad y la PAS fueron significativamente mas elevadas en el hombre que en la mujer.
Por lo tanto, los hombres tenian en general mds FRV lo cual se ha relacionado con

anterioridad con tener ICS.
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E.1.2. Prevalencia de los EPVD

Practicamente todos los hipertensos tienen EPVD (sélo 1.7% no muestran EPVD en centro
semioval y 1.1% no tienen EPVD en ganglios de la base). Si consideramos tener >10 EPVD,
un 40.0% los tienen en centro semioval y un 23.3% en ganglios de la base. Tener mas EPVD
en centro semioval que en ganglios de la base podria relacionarse con el hecho de que los
espacios perivasculares en centro semioval estdn recubiertos por una sola capa
leptomeningea, la cual les podria conferir mayor vulnerabilidad a la HTA y dilatarse antes
que los espacios a nivel de ganglios de la base que constan de dos capas
leptomeningeas.(128) La prevalencia de EPVD extensos es superior en esta cohorte de
hipertensos que en la poblacién general pero inferior a la poblacidn con ictus clinico. Este
hallazgo quizas nos esté indicando una afectacion intermedia de los EPVD asociada a la
HTA.

E.1.3. Determinantes de los ICS y EPVD

Los determinantes de ambas lesiones son diferentes. Aunque el REGICOR esta asociado a
ambas lesiones en el andlisis univariante (EPVD extensos en centro semioval y ICS), en el
analisis multivariante sélo se mantiene en el caso de los ICS.(125) Ademas, los que tienen
ICS tienen significativamente mas antecedentes de enfermedad cardiovascular que los que
no tuvieron ICS, cosa que no sucede entre los que tienen EPVD extensos en centro
semioval o en ganglios de la base comparado con los que no los tienen.

Por otro lado, la microalbuminuria (un marcador de dafio subclinico renal) dobla de
manera independiente la probabilidad de tener ICS, mientras que no es un factor
independiente de EPVD. El hecho de que los ICS estén asociados al dafio subclinico renal
podria indicar que el mecanismo fisiopatoldgico a nivel cerebral y renal es similar. Ambos
comparten que son organos de baja resistencia y tienen una mayor vulnerabilidad a la

pulsatilidad del flujo que aumenta con la HTA y el envejecimiento.(105) No estar asociados
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a EPVD quizas indique un mecanismo fisiopatoldgico diferente o un estadio previo de la
enfermedad en aquellos con EPVD pero todavia sin dafio cerebral mayor (o ICS).

En resumen, los ICS se asocian a una enfermedad cardiovascular mds avanzada ya que se
asocian en general a un mayor riesgo cardiovascular y a mas enfermedad clinica y
subclinica de los érganos diana de la HTA. Por lo tanto, los ICS sugieren probablemente
una enfermedad hipertensiva mas avanzada que los EPVD. El estudio longitudinal de esta
cohorte nos posibilitard averiguar la progresién de las diferentes lesiones radioldgicas
estudiadas y sus relaciones causales.

Por ultimo, los EPVD extensos tanto en centro semioval como en ganglios de la base
cerebrales estdn relacionados con la presencia de ICS de tamafio lacunar, y en el caso de
los EPVD en ganglios de la base también con las extensas HSB profundas
independientemente de las otras lesiones radioldgicas y del REGICOR. Por lo tanto,
estamos de acuerdo con los estudios previos que mostraron que los EPVD constituyen un
marcador de enfermedad de pequefio vaso cerebral.(37, 129)

E.2. Prevalencia, FRV y localizacién de los infartos corticales en poblacion general

En el caso de la poblacidn general, sélo el 1.1% muestran infartos corticales pequefios y el
1.6% tienen infartos corticales grandes. Esta prevalencia es la misma que en otro estudio
en la comunidad.(130) Pero es menor a la encontrada en otros estudios que incluyeron

personas con una edad media mas elevada o con mds FRV.(131, 132)

Hemos encontrado que los FRV asociados independientemente a los infartos corticales
pequefios son similares a los de los otros tipos de infarto. Nos parece especialmente
interesante destacar que los infartos corticales pequefios comparten caracteristicas con
los infartos corticales grandes y con los infartos lacunares. El sexo masculino casi dobla la
probabilidad de tener infarto cortical pequeio como sucede con el infarto cortical grande

y el infarto lacunar. También los fumadores tuvieron dos veces mas probabilidad de infarto
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cortical pequefio e infarto lacunar. En cambio el uso de medicacién hipotensora disminuye
la probabilidad de cualquier infarto cortical.

Lo que nos sorprendié mas fue encontrar una distribucion desigual para los infartos
corticales pequefios (predominan en el territorio limitrofe externo entre las zonas de
irrigacion de las arterias cerebrales anteriores y medias y entre las arterias cerebrales
medias y posteriores) y grandes (que son mas frecuentes en territorios de de las grandes
arterias cerebrales: arteria cerebral media de los dos lados y arteria cerebral posterior
izquierda). Esto podria indicar que la fisiopatologia de ambas lesiones es diferente.
Sabemos que los infartos en territorio frontera son causados por hipoperfusidn o embolia
o por la combinacién de ambos mientras los infartos territoriales corticales son de
etiologia aterosclerdtica o embdlica.(133) En esta cohorte seria necesario esclarecer si
existen estenosis intra o extracraneales que justifiquen la hipoperfusiéon ademas de de
otros mecanismos como la hipotension o si existen fuentes emboligenas a nivel cardiaco,
placas aterosclerdticas a nivel extra o intracraneal con posibilidad de embolizar.

Por lo tanto, parece que los infartos corticales pequefios no son meramente lesiones
corticales de pequefio tamafio sino que podrian tener una fisiopatologia diferente
respecto los infartos corticales grandes y unos FRV ligeramente diferentes.

Seria interesante determinar si estas lesiones son un estadio independiente o intermedio
entre los microinfartos corticales y los infartos corticales grandes. Los estudios
longitudinales pueden esclarecer esta y otras cuestiones planteadas.

E.3. La funcion cognitiva normal en hipertensos

El estudio de la funcidn cognitiva normal y la obtencién de datos normativos es

imprescindible de cara al posterior estudio de la funcidn cognitiva en una poblacién dada.

La obtencidn de datos normativos para nuestra poblaciéon fue una necesidad y requisito

previo al estudio del estado cognitivo ya que no se disponia de datos normativos
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comparables para la DRS-2. Por ello, en ausencia de otro test de cribado o bateria
cognitiva se tuvieron que excluir numerosos participantes (n=239) que presentaban alguna
causa que podria haber interferido con la cognicién o con el proceso de normalizacion.
Queremos destacar que excluimos participantes con enfermedad clinica que podian
interferir con su estado cognitivo (p.ej. personas con infarto cerebral subclinico,
traumatismo craneo-encefalico severo, insuficiencia renal crénica, déficit sensorial severo,
etc.) y personas que presentaban mal control metabdlico (p.ej. hemoglobina glicosilada
>7%).

Encontramos que la edad y la escolaridad influian en los resultados obtenidos en el Total y
en las subescalas de la DRS-2, como sucede con las puntuaciones en otros test
neuropsicoldgicos.(48) Vimos que la puntacion cruda Total de la DRS-2 fue
significativamente peor en las mujeres que en los hombres. Es de destacar que las mujeres
tenian menos afos de escolarizacion que los hombres en nuestra cohorte, esto fue
significativo para las de edad mas avanzada (mas de 63 afios). Tras la correccion por afios
de escolaridad y edad esto se corrigié para la puntuacion Total y ya no hubo diferencias
entre grupos.

Ademas, hallamos que el 17.5% (n=140) de participantes puntuaron por debajo del punto
descrito para deterioro cognitivo (<8 puntos en DRS-2 Total ajustado por edad vy
escolaridad). Esta cifra estd ligeramente por debajo del porcentaje original (28-19%)
descrito para la puntuacién del Total <8 ajustado por edad y escolaridad.(120)

El resto de los participantes tenian un resultado por encima del punto de corte de
deterioro cognitivo en la DRS-2 y fueron considerados cognitivamente normales.

E.4. La prevalencia del Deterioro Cognitivo Ligero y su relacién con los factores de

riesgo vascular y con las lesiones cerebrovasculares

En el penultimo trabajo, mostramos que la prevalencia de DCL fue de 8.9% en nuestra

cohorte de hipertensos de edad comprendida entre 50-71 afos. Esta es similar a la
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encontrada en los estudios de base comunitaria en Norte América y Europa, aunque
existen diferencias importantes con nuestra cohorte, los estudios comunitarios incluyen

hipertensos y no hipertensos y la edad recogida es a partir de los 60 afios.(87)

La educacion como esperdbamos por la literatura previa, se mostré como factor
independiente de DCL en todos nuestros analisis. En cambio, en cuanto a los FRV clasicos
no hubo diferencias estadisticamente significativas entre el grupo de DCL y el grupo con
envejecimiento cognitivo normal (ECN).

En cuanto a las lesiones cerebrovasculares, vimos que tanto los EPVD extensos en GGBB
como los ICS y los infartos lacunares y las HSB profundas se relacionaron con el DCL. El
efecto fue independiente de los factores de riesgo vascular para EPVD extensos en
ganglios de la base y para HSB profundas extensas. No obstante la Unica lesidon que se
relaciond de forma independiente tras ajustar por el resto de lesiones cerebrovasculares
con el DCL fueron las HSB profundas extensas. En estudios previos también se mostré que
las HSB estan asociadas al DCL en la comunidad. Algunos grupos usaron la misma escala
visual semi-cuantitativa (u otras) y otros midieron el volumen de lesién que se encontré en
cualquier caso correlacionado con el DCL. (87, 134) En cuanto a la localizacién de las HSB,
muchos estudios encontraron relacion con HSB periventriculares y otros con HSB
profunda.

Siguiendo las recomendaciones de los expertos, en préximos trabajos se deberia estudiar
el efecto conjunto de la acumulacion de las diferentes lesiones cerebrovasculares en el
declive cognitivo (siendo esta recomendacion también vélida para el ictus).(35)

E.5. La funcidn cognitiva y su relacion con las lesiones cerebrales

E.5.1 Los infartos corticales en la poblacion general y su relacion con las funciones cognitivas

En la cohorte del estudio Rotterdam vimos que aquellos con infartos corticales tanto

pequefios como grandes tienen peor memoria diferida y peor funcion ejecutiva
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(incluyendo velocidad de procesamiento y atencidn) que los que no tenian infartos

independientemente de FRV, tratamientos y ApoE4.

No obstante hay ciertas diferencias cuando comparamos los individuos con infartos
corticales pequefios con los que tienen otro tipo de infarto. Los que tienen cualquier otro
tipo de infarto realizan la tarea motora (medida por el Test de Purdue Pegboard) peor que
los que tienen infartos corticales pequefios. Los que tienen infarto lacunar realizan peor la
tarea de interferencia (Stroop parte 3) y tienen una peor puntuacién global que los que
tienen infartos corticales pequefios. Por lo tanto, tienen una afectacidn cognitiva
moderada respecto a otros tipos de infarto.

Grupos previos también observaron que habia una asociacién perjudicial entre los infartos
corticales y la funcidn cognitiva en la poblacidon general. En una poblacion general de EUA
se observé que aquellos que tenian infartos corticales tuvieron significativamente peor
resultado en tareas de memoria y en velocidad de procesamiento (aunque esto ultimo no
se mantenia al ajustar por los FRV, HSB y atrofia).(131) En su caso, los resultados fueron
similares para aquellos que tenian infartos en subcértex y los peores resultados en
afectacién de memoria, funcién ejecutiva y velocidad de procesamiento los obtuvieron
aquellos que tenian infartos en ambas localizaciones.

La localizacion de los infartos corticales pequefios en las zonas limitrofe de la
vascularizacion de grandes vasos a nivel frontal podria explicar en parte sus
manifestaciones cognitivas. El cértex prefrontal es el encargado del control de las
funciones ejecutivas.(135) Los infartos en territorio de la arteria cerebral anterior y media
causan disfuncidn ejecutiva y por tanto es ldgico esperar que las lesiones en estas aéreas
aunque sean pequefias causan similares disfunciones de menor magnitud. El cértex
prefrontal estd conectado con el I6bulo temporal mesial y se ha relacionado con un

sindrome amnésico con dificultad para recuperar y falsos reconocimientos.(136) No
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obstante, en los participantes con infartos corticales pequefios sélo observamos un déficit
en la memoria diferida con reconocimiento similar a aquellos que no tienen infartos.
No evaluamos en este trabajo la funcion visuoespacial que se relaciona que la integridad
del cértex occipital, el cual también esta afectado por los pequefios infartos corticales en
nuestra cohorte.

E.5.2 Las lesiones cerebrovasculares silentes en hipertensos y su relacién con las funciones

cognitivas

En nuestro trabajo en hipertensos del estudio ISSYS hemos mostrado que las
diferentes funciones cognitivas evaluados con la DRS-2 se relacionaban de forma
inversa con la presencia de lesiones extensas de HSB profundas. En cambio en el caso
de los infartos ICS, no habia diferencias entre el grupo con ICS lacunares y el que no

tenia ICS lacunares en cuanto a las funciones cognitivas.

E.6. La rigidez arterial y su relacidon con las funciones cognitivas y el Deterioro Cognitivo

Ligero

En nuestro ultimo trabajo mostramos como la funcién cognitiva, en concreto la atencion se
relaciona de manera inversa a la rigidez arterial medida por Presion de Pulso (PP) diurna
(beta=-0.22, IC 95% -0.41,-0.03) después de corregir por FRV, tratamientos y lesiones de
enfermedad de pequefio vaso cerebral (EPVC). Esta relacion de la PP y la atencién ya fue
descrita anteriormente, (137) por lo tanto parece que existen funciones cognitivas mds
vulnerables al dafo por la rigidez arterial que otras. Nos parece interesante destacar que
estos resultados suceden independientemente de las cifras de PA, las cuales han sido
histéricamente mas estudiadas que otros pardametros hemodinamicos de la PA como es la

rigidez arterial.
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Igualmente, encontramos que la presién de pulso (PP) fue mayor en todos casos (en la
clinica y ambulatoria en los diferentes periodos) para los que tenian DCL que los que
tenian ECN. Por lo tanto, coincidimos en afirmar que la rigidez arterial y en concreto la PP
se asocia al DCL como mostraron previamente otros grupos.(100)

Es interesante sefialar que la PP nocturna fue un factor independiente de DCL tras ajustar
por FRV, EPVC y tratamientos. Especialmente la HTA nocturna y menos consistentemente
los patrones anémalos de PA durante el suefio se han relacionado con la presencia de ictus
y enfermedad cardiovascular.(138) En el caso del deterioro cognitivo los grupos que han
estudiado la relacidn con la PA nocturna o otros parametros de la PA han sido muy
pocos.(139)

La PP como el resto de componentes de la PA sigue un ritmo circadiano, en el cual durante
el periodo nocturno los estimulos ambientales son menores debido al suefio y el
organismo depende mds de sus propios sistemas regulatorios de la PA como el sistema
renina-angiotensina-aldosterona. Por lo tanto, encontrar parametros de la PA del periodo
nocturno asociados con el DCL simplifica los parametros a tener en cuenta en posteriores
investigaciones.

En este Ultimo trabajo también observamos que la PP se relaciona con las lesiones de EPVC
(ictus lacunar silente, HSB) y ambas se relacionaron con el DCL. Faltaria no obstante
averiguar si la PP y la EPVC tienen una relacién entre ellas y esto es lo que causa DCL. Por
la literatura previa, hemos visto que esta puede ser una explicacién plausible. Es decir, la
fisiopatologia de este hallazgo se podria relacionar con el dafo que causan las
fluctuaciones de alta PA (o alta PP) a la microvasculatura cerebral (remodelado de la pared
del vaso y estrechamiento de su luz) que ocasiona hipoperfusiéon y finalmente conduce a
infartos cerebrales o HSB.(28, 140) Por otro lado, sabemos que la funcién cognitiva

atencién se localiza a nivel frontal y tiene conexiones subcorticales.(47) Asi pues, la
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existencia de HSB profunda podria estar interrumpiendo las conexiones cortico-
subcorticales de esta red.

Se necesitarian otro procesamiento de las RM (p.ej. segmentacion de la sustancia blancay
analisis por areas) y estudios prospectivos para evaluar si realmente la relacién de las
funcién cognitiva y el DCL con la rigidez arterial se debe a las lesiones cerebrovasculares en
nuestra cohorte.

E.7. Estudio ISSYS: Fortalezas, limitaciones y objetivos futuros

El estudio ISSYS es un estudio de base poblacional, prospectivo en hipertensos de mediana
edad que pretende averiguar la prevalencia, los determinantes y el prondstico de las

lesiones cerebrovasculares y del Deterioro Cognitivo Ligero.

Ademas pretende identificar factores clinicos, bioldgicos, hemodindmicos y genéticos
asociados a la presencia y la progresidn de las lesiones cerebrovasculares y el deterioro
cognitivo.

En la fase de seguimiento del estudio nos permitira estudiar nuestros dos objetivos
principales: observar que pacientes se mantienen como DCL o progresan a demencia y
cuales revierten y por tanto no tienen deterioro cognitivo y cudles presentan un ictus

incidente.

En las visitas de seguimiento se estan recogiendo cada afo (por teléfono y con apoyo en la
historia clinica) la aparicién de eventos vasculares (AIT, ictus isquémico y hemorragico,
endarterectomia o stent carotideo, infarto de miocardio, angor pectoris que requiera
hospitalizacidn, cirugia de revascularizacién coronaria, , claudicacion intermitente, cirugia
de revascularizacién periférica y muerte de causa cardiovascular), la aparicion de quejas
cognitivas, la evaluacion de la funcion cognitiva (MMSE), cambios en el tratamiento y

cumplimiento terapéutico de los hipotensores. A los 3 afios se realizard una nueva visita
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presencial, muy similar a la visita basal, para determinar la incidencia de lesiones

cerebrovasculares silentes y declive cognitivo.

El estudio de las lesiones cerebrovasculares silentes, funcién cognitiva y deterioro

cognitivo en hipertensos libres de ictus o demencia tiene su interés por multiples motivos

entre los que destacamos:

a)

b)

c)

d)

e)

f)

Se desconoce la prevalencia de lesiones cerebrovasculares silentes en
poblacién Mediterranea, la que se considera de menor riesgo
cardiovascular y en la que hay menos frecuencia de ictus comparado con
poblacién de EUA o Asiatica.

Tampoco se conoce la prevalencia del DCL en nuestro pais en el grupo
seleccionado de los hipertensos.

El estudio de poblacidon subclinica tanto para ictus como para demencia es
ventajosa ya que nos permite estudiar la fisiopatologia de la enfermedad y
estudiar cual es la mejor estrategia de prevencion primaria para estos
individuos.

La poblacién en riesgo asintomatica (aquellos con ICS, HSB, EPVD) o
paucisintomatica (DCL) es un grupo ideal para estudiar qué pacientes
tienen mayor riesgo de evolucionar a ictus y demencia.

Conocemos bastante bien el prondstico de los ICS y las HSB, se asocian
tanto a ictus clinico como a demencia en el futuro. En cambio
desconocemos el significado prondstico de otras lesiones como la EPVD
serd el mismo o diferente.

También conocemos bastante bien el prondstico del DCL en la poblacién
general. Pero el prondstico del DCL vascular o DCL en grupos de poblacion
con alto riesgo vascular como son los hipertensos es desconocida en
nuestro medio.
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El estudio ISSYS intentara dar respuesta a varias de las anteriores cuestiones. Entre otros

en esta Tesis hemos mostrado el resultado para los dos primeros puntos.

Ademas la evaluacién de las lesiones de drgano diana de la hipertension (indice tobillo-
brazo, hipertrofia de ventriculo izquierdo, microalbuminuria, velocidad de la onda de pulso
carétido-femoral, etc.) y la recogida de fluidos organicos para estudio de biomarcadores y
genes asociados a estas patologias permitird estudiar el valor de estos en la enfermedad
subclinica y descubrir nuevos biomarcadores o replicar los existentes y comprobar si son

los mismos que para el ictus clinico y la demencia.

Las fortalezas principales del estudio ISSYS son su disefio y el uso de técnicas disponibles
para estudios en la comunidad. El tamafio muestral es el adecuado para la consecucion del
objetivo principal del estudio (determinar la prevalencia de ICS). La poblacién fue elegida
al azar y aleatorizada por edad y sexo segun la presencia esperada de HTA. Esto disminuye
la presencia de sesgos y ayuda a que los resultados se puedan generalizar. El estudio a
nivel cerebral es extenso y también se incluye el estudio de otros 6rganos que se pueden
afectar de manera precoz en la HTA. Ademas, se ha hecho un esfuerzo clinico adicional
para estudiar si los participantes con infarto en la RM cerebral realmente no recordaban

tener sintomas.

Las limitaciones del estudio estan relacionadas con la sensibilidad y especificidad de las
técnicas usadas para el estudio de las lesiones cerebrales y el deterioro cognitivo. Usar una
RM con mayor resolucién facilitaria la deteccién de estas pequeiias lesiones y su
diagnostico diferencial con otros marcadores similares. Asimismo, evaluar a toda la
cohorte con una amplia bateria neuropsicoldgica, estudiar de forma sistematica las quejas
cognitivas y las AIVD habria disminuido los falsos positivos que obtuvimos con el test de

cribado y también habria disminuido los falsos negativos que posiblemente estén incluidos
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dentro del grupo de envejecimiento cognitivo normal. El escaso numero de participantes

con DCL limita el poder estadistico en algunos de los analisis.
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CONCLUSIONES

1) Hemos incluido 1037 participantes con hipertension arterial esencial de 50-71 afios en el
estudio observacional y prospectivo ISSYS para el estudio de las lesiones cerebrovasculares
silentes y deterioro cognitivo.

2.1) La poblacién de mediana-avanzada edad hipertensa espafola tiene una prevalencia de

infarto silente cerebral del 10.1%.

a. Los hombres muestran mas frecuencia de FRV y de infartos cerebrales silentes en
esta poblacion.

b. El riesgo cardiovascular global medido por REGICOR (ecuacién de Framingham
para poblacién de nuestro entorno) es un factor independiente para los infartos
silentes cerebrales.

c. La microalbumindria también es un predictor independiente que dobla la
probabilidad de tener infarto silente cerebral.

d. De los infartos cerebrales silentes hay una porcentaje no desdefiable (8.1% en
nuestra cohorte) que son identificados como infartos clinicamente sintomaticos
tras la nueva entrevista con el participante.

2.2) Los espacios Perivasculares dilatados (EPVD) son practicamente ubicuos tanto en centro

semioval (CSO) como en ganglios de la base (GGBB) en hipertensos.

a. La prevalencia de EPVD extensos (>10 lesiones) en hipertensos es mayor en CSO

(40.0%) que en GGBB (23.3%).

b. Los EPVD se relacionan con la edad, el riesgo cardiovascular (REGICOR) y el resto de

lesiones cerebrovasculares de enfermedad de pequefio vaso cerebral (EPVC).

c. La asociacién de los EPVS con el Deterioro Cognitivo Ligero no es independiente de

la presencia de otras lesiones de EPVC.
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3) Los infartos corticales pequefios (<15 mm) se encuentran en un 1.1% de los individuos de la

poblacién general.

a. Los infartos cerebrales pequefios tienen FRV similares a los otros infartos cerebrales

(corticales grandes, lacunares y ambos).

b. Los infartos cerebrales pequefios se asocian con déficits cognitivos en memoria
verbal diferida, atencién y funcién ejecutiva de forma independientemente a los FRV,
gen ApoE4 vy al tratamiento hipotensor. Los resultados son similares cuando

consideramos sdlo los individuos sin infarto previo.

c. Los infartos corticales pequefios se acumulan en las zonas de irrigacién limitrofe
anterior y posterior, mientras los infartos corticales grandes se distribuyen

mayoritariamente en los territorios de irrigacién de las grandes arterias cerebrales.

4) Creamos un protocolo de evaluacién cognitiva y obtuvimos datos normativos para la escala

de cribado de demencia Dementia Rating Scale (DRS-2) de 798 participantes hipertensos.

a. A pesar de que las mujeres obtuvieron significativamente peor puntuacién Total en
la DRS-2, tras la correccidon por edad y afios de escolaridad no hay diferencias entre

sexos.

b. Un 17.5% de los participantes con datos normativos obtuvieron un puntuacién en la

DRS-2 Total por debajo de lo esperado segln su nivel educativo y edad.

5) Un 8.9% de los participantes con datos normativos del estudio ISSYS cumplen criterios de

Deterioro Cognitivo Ligero (DCL).

a. El DCL se asocié de manera independiente a la baja escolaridad y no hubo
diferencias significativas en los FRV cladsicos entre el grupo de DCL y el grupo con

envejecimiento cognitivo normal.
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b. EI DCL en poblacidon hipertensa se asocié de manera independiente (de FRV, lesiones
cerebrovasculares y tratamientos) a las extensas hiperintensidades de sustancia blanca

de localizacién profunda.

6) Las mediciones de rigidez arterial (Presidon de Pulso —PP-) de 24 horas se relacionan con la

funcién cognitiva y el estatus cognitivo.

a. Una mayor PP diurna se asocia de manera independiente (de FRV, lesiones
cerebrovasculares y tratamiento hipotensor) a una peor puntuacién en el subtest
de atencion de la DRS-2.

b. En cambio, una mayor PP nocturna se asocia de manera independiente a la

presencia de DCL.

120



CONCLUSIONS

1) We enrolled 1037 participants aged 50-71 with essential hypertension in an observational

and prospective study to study cerebrovascular silent lesions and cognitive impairment.

2.1) Middle and older aged Spanish hypertensive individuals had a silent brain infarct (SBI)

prevalence of 10%.

a. Men show higher frequency of vascular risk factors and more SBIs than women.

b. Cardiovascular risk assessed by means of REGICOR (Framingham calibrated risk

score for Spain) is an independent factor of SBIs.

¢. Microalbuminuria is also an independent factor that doubled the odds of having

SBls.

d. There is a percentage of SBIs (8.1% in our cohort) that are considered as clinically

symptomatic after MRl and re-interviewing of the participant.

2.2) Enlarged perivascular spaces (EPVS) are almost ubiquitous in centrum semiovale (CSO) and

basal ganglia (BBGG) in hypertensive individuals.

a. Prevalence of extensive EPVS (>10 lesions) is higher in CSO (40.0%) than in BBGG

(23.3%).

b. EPVS are related with higher age, cardiovascular risk (assessed by REGICOR) and

other small vessel disease lesions (lacunar infarcts and white matter hyperintensities).

c. The association of EPVS with Mild Cognitive Impairment is not independent of other

small vessel disease lesions.

3) Small cortical infarcts (<15mm) prevalence is 1.1% in the general population.
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a. Those with small cortical infarcts have similar risk factors to those that have other

infarct types (large cortical infarcts, lacunar infarcts and combination of previous

types).

b. Those with small cortical infarcts have worse delayed memory, executive function
and attention than people without infarcts (independent of vascular risk factors,
hypertension treatment and ApoE4 alleles). Similar results are obtained when

prevalent stroke is excluded.

c. Small cortical infarcts are more frequent in anterior and posterior borderzone areas
as compared to large cortical infarcts that are more frequent in the arterial irrigation

territories of big brain arteries.

4) We created a cognitive protocol evaluation and obtained normative data in 798

hypertensive individuals for Dementia Rating Scale 2 (DRS-2).

a. Women obtained worse Total DRS-2 raw score than men. After correction by age

and education no differences are seen between sexes.

b. 17.5% of our cohort obtained a Total DRS-2 score that is lower than expected by age

and education years.

5) 8.9% of the ISSYS participants with DRS-2 normative data were diagnosed of Mild Cognitive

Impairment.

a. MCl is independently associated with low education and no differences are seen in

classical vascular risk factors between MCI and normal cognitive aging.

b. MCl is independently associated with deep extensive white matter hyperintensities
in hypertensive individuals (independent of vascular risk factors, small vessel disease

lesions and treatments).
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6) Arterial stiffness (assessed by 24 hours Pulse Pressure -PP-) is related to cognitive function

and MCI.

a. Higher diurnal PP is associated independently (of vascular risk factor, small vessel

disease lesions and hypertension treatment) with lower attention score in DRS-2.

b. However, higher nocturnal PP is independently associated with MCI.
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