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voor oma

“Some us think holding on makes us strong 
but sometimes it is letting go”

Herman Hesse
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Cerebral small vessel disease and cognitive function

Cerebral small vessel disease (cSVD) refers to a cluster of pathological mechanisms with 
varying etiologies that affects the small perforating end-arteries, arterioles, venules and capil-
laries in the brain1. Manifestations of cSVD can be seen on magnetic resonance imaging (fig-
ure 1-4) and may include small focal areas of infarction (lacunar infarcts), hyperintense areas 
on T2- weighted and FLAIR images (white matter lesions [WMLs]), small dot-like hemosi-
derin deposits (brain microbleeds [BMBs]) and enlarged cerebrospinal fluid-filled cavities 
surrounding the perforating arteries of the brain (enlarged perivascular spaces [EPVS])1-4. 
Clinical symptoms of cSVD can be divided in acute symptoms, such as a lacunar stroke 
syndrome, and subacute symptoms such as cognitive impairment5, mood disorders6, gait dis-
turbances7 and urinary symptoms8. Most of these subacute symptoms have been explained 
by a disconnection of prefrontal-subcortical circuits9. Regarding cognition this may result in 
executive dysfunction and slowing of psychomotor speed, but also, though less prominent, 
memory problems.  
Cerebral small vessel disease is associated with increasing age and vascular risk factors. Its 
MRI markers may be present in the healthy elderly population, but can also be expected in 
patients with vascular risk factors that affect the microvasculature, such as hypertension10 

and diabetes11, and in patients with clinical manifestations of cSVD, such as lacunar stroke 
patients. However, patients with large vessel occlusion (cortical stroke) and other cardiovas-
cular diseases, such as coronary artery disease and congestive heart failure (CHF), may also 
show MRI expressions of cSVD due to cerebral hypoperfusion. Consequently, associations 
between markers of cSVD and cognitive function have been found in population as well as 
hospital-based studies12-15. 

In this thesis, we describe three hospital-based populations with an increased risk for cSVD 
and cognitive impairment: patients with essential hypertension, patients with congestive 
heart failure and patients with lacunar stroke. 

PART I - Hypertension
Hypertension is a major risk factor for cSVD16 and cognitive decline, but the mechanisms 
underlying hypertension-related cognitive decline are complex and not yet fully understood. 
Earlier we found that 20% of hypertensive patients showed advanced WMLs and that silent 

   OUTLINE OF THIS THESIS - CHAPTER 2

   The aim of this chapter was to review the literature for associations between structural 
   cerebrovascular lesions related to cSVD and cognitive function in patient groups with 
   or at risk for cardiovascular disease. 
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    Figure 1. We identified lacunar infarcts as sharply
    demarcated hyperintense lesions <20mm on 
    T2-weighted images with corresponding hypointense
    lesions with a hyperintense rim on FLAIR*. 
    Symptomatic lacunar infarcts (A) were those lesions
    compatible with the clinical stroke and asymptomatic
    lacunar infarcts (B) those not compatible with the 
    clinical stroke. 
    * A recent symptomatic lacunar infarct was identified  
    as hyperintense on FLAIR images.   

    Figure 4. EPVS were defined as round, oval or linear
    shaped lesions with a smooth margin, absence of mass
    effect and with signal intensity equal to cerebrospinal 
    fluid on T2-weighted images and (if visible) 
    hypointense on FLAIR images without hyperintense 
    rim to distinguish them from old lacunar infarcts. 

   Figure 2. White matter lesions were identified as 
   hyperintense areas on T2-weighted images. WMLs 
   connected to the lateral ventricles were rated as 
   periventricular, otherwise we considered them as deep. 

    Figure 3. BMBs were defined as punctate (<10mm)
    homogeneous foci of low signal intensity on T2*-
    weighted images. We distinguished lobar (cortical 
    grey and subcortical white matter), deep (basal 
    ganglia, thalamus, and internal, external and extreme   
    capsule) infratentorial (cerebellum and brain stem) 
    microbleeds.

A

B
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brain infarcts were present in 29% and BMBs in about 15%17. Although hypertension con-
stitutes a major risk factor for cSVD, it cannot account for all the risk of cognitive decline3. 
Therefore, other risk factors need to be investigated in order to disentangle the complex 
model of the pathogenesis of cSVD-mediated cognitive decline.  
Recent evidence suggests a role for arterial stiffness18. Arterial stiffness gradually increases 
due to the effects of age and hypertension. Previous research into the relationship between 
arterial stiffness and cognitive functioning revealed a negative association19-29, in particular 
with memory performance18, 30, 31. Others investigated relationships between arterial stiffness 
and cSVD and found that increased arterial stiffness was positively associated with sever-
ity or volume of white matter lesions (WMLs)30, 32-34, presence or number of lacunar infarcts 
(LACs)32, 34, 35, but not with number of BMBs32, 33. Only a few studies18, 25, 31 explored as-
sociations with specific cognitive domains, and a “cerebral microvascular mechanism” for 
decreased cognitive performance in patients with arterial stiffness36 has not yet been inves-
tigated. 
Numerous studies investigated the relation between hypertension and cognitive function, but 
only a few took the mediating factor cSVD into account. Additionally, those who did, mainly 
focused on the interrelationship with WMLs. Associations between WMLs and executive 
function and attention were most often found in hypertensive patients. The interrelationship 
with lacunar infarcts or BMBs were rarely studied, although it was recently found that these 
manifestations were present in 20% and 16% of the hypertensive patients respectively37, 38. 

PART II - Congestive heart failure
Evidence regarding an association between CHF and cognitive impairment is increasing39 

and may include up to 50% of patients with CHF40. Cognitive impairment may have signifi-
cant influence on health outcome in patients with CHF, since they have to adequately manage 
their medication and diet, as well as to be alert on CHF symptoms40. The exact pathophysi-
ological mechanism of cognitive deficits associated with CHF is still unclear. 
Regarding a direct relationship between CHF severity and cognitive impairment, it was re-
cently found that most CHF patients (83%) with normal scores on a cognitive screening test 
were classified in New York Heart Association (NYHA) class I or II, whereas 66% of those 
patients with abnormal scores were classified in NYHA class III or IV41. Additionally, pa-

   OUTLINE OF THIS THESIS - CHAPTER 3 & 4

   The aim of chapter 3 was to explore a “cerebral microvascular mechanism” for 
   decreased cognitive performance in hypertensive patients with arterial stiffness. The 
   aim of chapter 4 was to study the association of progression of cSVD with cognitive        
   function in patients with essential hypertension. 
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tients in the lowest and highest quintile left ventricular ejection fraction (LVEF), as compared 
to the middle ones, performed worse on cognitive measures42. A decline in cognitive function 
could not be explained by LVEF43. However, no longitudinal data are available regarding 
changes in CHF severity and changes in cognitive function.
Regarding the mechanisms through which CHF may act on cognitive function, it has been 
proposed that chronic or intermittent cerebral hypoperfusion due to low cardiac output or 
impaired cerebrovascular reactivity could result in cerebral hypoxia and ischemic brain dam-
age44. As shown on brain MR, CHF patients presented with increased frequencies of small 
vessel disease consisting of lacunar infarcts and white matter lesions45, most probably due to 
hypoperfusion and impaired flow regulation. Vogels et al46 investigated the relation between 
cognitive function and cerebral abnormalities in patients with CHF, but failed to find an as-
sociation of WMLs with cognitive function. Another mechanism suggested by Jefferson et 
al47 is the influence of environmental and genetic risk factors on both reduced cardiac output 
and abnormal brain aging (cSVD and cognitive impairments). 
It is not clear whether treatments to improve cardiac and vascular function also translate in 
improvement of cognitive function. The finding that cerebral blood flow in patients with 
CHF was restored and cognitive function improved48 after heart transplantation49, 50, sup-
posedly due to improved cardiac function, suggests that some mechanisms might be revers-
ible. However, longitudinal studies on cognitive impairment in CHF patients are sparse40 and 
whether changes in cognitive impairment occur when CHF severity changes is unknown51.

PART III - Lacunar stroke 
We recently found that around 30% of lacunar stroke patients are vitamin B12 deficient52 
while in the normal elderly population this is only 10-15%53. This deficiency was related to 
the degree of periventricular white matter lesions (pWMLs)52. WMLs in turn are known to be 
related to depression54, while post-stroke depressive symptoms have been associated with an 
increased risk of post-stroke fatigue55. The prevalence of depression in lacunar stroke patients 
was found to be 35%56. The prevalence of fatigue in these patients is 38%57. So far, there are 
no data available on the relationship between vitamin B12 deficiency and either depression 
or fatigue in lacunar stroke patients. Besides fatigue and depression, vitamin B12 deficiency 
was also found to be related to decreased cognitive functioning58, 59. Since vitamin B12 de-

   OUTLINE OF THIS THESIS - CHAPTER 5

   The aim of this chapter was to assess the prevalence of severe cognitive impairment in      
   elderly patients with CHF, its correlates with CHF severity, and its effect on morbidity   
   and mortality. In addition, we tested if changes in measures of CHF severity would 
   result in changes of cognitive function. 
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ficiency is easily treatable with supplementation, possible effects on cognitive function and 
post-stroke fatigue and depression may have significant effects on quality of life after lacunar 
stroke.

The relation between lacunar stroke and cognitive function has been well established in the 
present literature and risk factors for decreased cognitive performance or cognitive decline 
have been widely studied. Chronic kidney disease60, brain atrophy61, 62, and cSVD markers 
as WMLs63-65 and lacunar infarcts60 have been suggested before. More recently, BMBs and 
EPVS have also been recognized as markers of cSVD66, 67.
The presence of BMBs has been mainly studied in the healthy elderly population and preva-
lences ranged from 4% to 15%14, 68-70. Evidence for an association between BMBs and cogni-
tive function is increasing, but study populations vary from healthy elderly populations to 
stroke or TIA patients71  or patients from the memory clinic72, 73. Patients with cerebrovascular 
disease however have not been studied that extensively yet, which is surprising, since BMBs 
are expected in these populations. Additionally, it is not yet clear whether the association of 
BMBs with cognitive function is independent of other markers of cSVD. 
EPVS are now also being recognized as a feature of cSVD2 and have been related to cSVD 
severity74. In general, patients with EPVS remain asymptomatic75 and therefore EPVS are 
considered benign. However, MacLullich et al13 found that increased EPVS were related 
to decreased cognitive function in healthy elderly men. This relationship however, was not 
independent from WMLs, which were already known to be correlated to EPVS76, 77. Although 
EPVS have been related to cSVD, their presence has not been studied in relation to cognitive 
function in patients with cSVD.
The markers of cSVD have all been individually linked to cognitive functioning71, 78-80, often 
adjusted for each of the other manifestations. When investigated together, studies mainly 
focused on the combination of lacunar infarcts and WMLs. Others15, 81 suggested that the 
combined occurrence was associated with stronger reductions in cognitive function and de-
cline than each of the two lesion types alone. However, no data are available on the clinical 
consequences of the total burden of cSVD, thus the co-occurrence of two or more markers 
of cSVD.

   OUTLINE OF THIS THESIS - CHAPTER 6 & 7

   In chapter 6 we aimed to compare levels of fatigue and depression in first-ever lacunar 
   stroke patients with and without vitamin B12 deficiency. Consequently, in chapter 7, 
   we were interested whether vitamin B12 supplementation would affect cognitive 
   function or improve fatigue and depressive symptoms in lacunar stroke patients with        
   vitamin B12 deficiency. 
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Aim of this thesis
The general aim of this thesis was to explore the association of vascular and brain imaging 
markers with cognitive function in patients with or at risk for cerebral small vessel disease. 
Therefore, we studied three hospital-based populations with an increased risk for cSVD and 
cognitive impairment: patients with essential hypertension, patients with congestive heart 
failure and patients with lacunar stroke.

   OUTLINE OF THIS THESIS - CHAPTER 11 & 12

   Chapter 11 presents a general discussion of our findings with implications for future 
   research and interventions. In chapter 12 we summarized our findings in English 
   and Dutch. 

   OUTLINE OF THIS THESIS - CHAPTER 8, 9 & 10

   The aim of chapter 8 was to assess the preence of BMBs in patients with a high risk 
   for cSVD (essential hypertenisve and first-ever lacunar stroke patients) as well as to 
   study associations of presence, number and location of BMBs with cognitive function,   
   independent of other markers of cSVD. The objective of chapter 9 was to assess the 
   relationship between EPVS and cogniitve function in the same population. No data 
   are available on the clinical consequences of the total burden of cSVD, expressed by 
   the co-occurrence of several different markers of cSVD. In chapter 10 we aimed to 
   investigate whether an accumulation of MRI markers of cSVD was associated with 
   a decreased performance in cognitive function. 
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Abstract
Cognitive impairment due to vascular disease is frequently found. White matter lesions (WMLs) and lacunar in-
farcts, both markers of cerebral small vessel disease (cSVD), appear to be the most common forms of cerebro-
vascular damage, and a frequent cause of cognitive impairment. Many studies examined cognition in relation to 
cardiovascular risk factors and symptomatic cardiovascular disease. However, most of these studies did not integrate 
evidence of cerebrovascular damage based on neuroimaging. In the present review we searched the literature for 
associations between cerebrovascular damage in terms of cSVD and cognitive function in patient groups with or 
at risk for cardiovascular disease. We included 50 studies. Results showed negative associations between WMLs 
and cognitive status in all patient groups, affecting executive function, information processing speed and memory. 
Progression of cerebrovascular damage paralleled by cognitive decline was found by some. An increased risk for 
dementia in those with WMLs was confined to those with symptomatic cardiovascular disease. Standardization of 
neuroimaging and neuropsychological assessment might be helpful to compare cSVD and cognitive status across 
the cardiovascular spectrum.

Chapter 2

The relation of cerebral small vessel disease and 
cognition in patients with or at risk for 
cardiovascular disease

Marjolein Huijts, Annelien Duits, Robert van Oostenbrugge
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Introduction
Cognitive impairment associated with cerebrovascular disease is frequently found and vas-
cular dementia (VaD) is the second most common form of dementia1. Hachinski et al2 intro-
duced the construct of vascular cognitive impairment (VCI) to capture the entire spectrum 
of cognitive disorders ranging from mild cognitive impairment to fully developed dementia. 
Gorelick et al3 recently stated that a diagnosis of VCI should be based on 2 factors: 1) demon-
stration of cognitive impairment by neuropsychological assessment and 2) history of clinical 
stroke or presence of cerebrovascular disease by neuroimaging. This second factor refers 
to a relationship between cognitive impairment and cerebrovascular damage, regardless of 
the underlying pathology. Cerebral small vessel disease (cSVD) is the most frequent cause 
of VCI4 and VaD5. cSVD causes deep and periventricular white matter lesions (WMLs) and 
lacunar infarcts6-8. WMLs and lacunar infarcts, both markers of cSVD, have been mentioned 
as the most common forms of cerebrovascular damage3.
Cerebrovascular damage is expected in patients with vascular risk factors that affect the 
microvasculature, such as hypertension9 and diabetes10, but also in patients with clinical 
manifestations of cSVD, such as lacunar stroke patients. However, patients with large vessel 
occlusion (cortical stroke) and other cardiovascular disease, such as peripheral artery disease 
and coronary artery disease, may also show expressions of cSVD. Many studies have been 
published on the relationship between cardiovascular risk factors or symptomatic cardiovas-
cular disease and cognitive function and refer to VCI. However, most of these studies did 
not integrate evidence of cerebrovascular damage based on neuroimaging, as suggested by 
Gorelick et al3. In the present review, we searched the literature for associations between 
structural cerebrovascular lesions related to cSVD and cognitive function in patient groups 
with or at risk for cardiovascular disease. Additionally, we were interested in the relation-
ship between the total burden of structural lesions due to cSVD and the course of cognitive 
function. Although microbleeds are also recognized as imaging markers for cSVD11 with 
increasing evidence for an association with cognitive function12, we focused on WMLs and 
lacunar infarcts. 

Methods
We searched the literature from January 1994 to June 2012 (PUBMED). In line with Gorelick 
et al3, cerebrovascular lesions were defined as the presence of WMLs and lacunar infarcts. 
Studies with the following patient groups were selected: 1) patients with vascular risk factors, 
a) diabetes, b) hypertension, c) hypercholesterolemia, d) metabolic syndrome; and 2) patients 
with symptomatic cardiovascular disease, a) peripheral artery disease, b) cardiac disease, c) 
stroke. Case-control, as well as case series, and cohort studies were included. Using the ad-
vanced search option the following terms were combined: 
1) Diabetes: “diabetes”.
2) Hypertension: “hypertens*”, “blood pressure” using Boolean operator “OR”.
3) Hypercholesterolemia: “hypercholesterolemia”, “cholesterol” using Boolean opera-
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tor “OR”. 
4) Metabolic syndrome: “metabolic syndrome”.
5) Peripheral Artery Disease: “peripheral artery disease”, “peripheral vascular disease” 
using Boolean operator “OR”. 
6) Cardiac Disease: “heart failure”, “coronary artery disease”, “coronary heart dis-
ease”, “myocard* infarct*”, “angina pectoris” using Boolean operator “OR”.
7) Stroke: “stroke”, “infarct*”, “cerebral hemorrhage” using Boolean operator “OR”.
Boolean operator “AND” was then used to link the above terms to “MRI” or “magnetic 
resonance imaging” in abstract/title and “cognit*” in abstract/title. Inclusion and exclusion 
criteria were as follows: 
Inclusion criteria:
1) English language is used 
2) Cognition is (one of) the outcome measure(s) and associations with WMLs and 
lacunar infarcts are investigated
Exclusion criteria:
1) Studies with patients suffering from genetically determined cSVD, such as cerebral 
autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy (CA-
DASIL)
2) Studies on patients undergoing surgery for coronary artery bypass grafting 
(CABG)
The selected studies were classified in accordance to the groups described above. Within the 
groups the studies were organised based on their design (cross-sectional versus longitudinal) 
and neuropsychological assessment (cognitive screening instrument versus extensive neu-
ropsychological battery). 

Results
The search method yielded 902 papers. After applying the above-mentioned inclusion and 
exclusion criteria, 50 papers were suitable for further analysis. Study characteristics and re-
sults are explained below. 

Patients with cardiovascular risk factors
We restricted to the most well-established cardiovascular risk factors including diabetes, hy-
pertension, hypercholesterolemia and metabolic syndrome. Twenty studies examined the ef-
fects of either diabetes or hypertension on cognitive function9, 13-31. We were unable to detect 
studies that reported on the relationship between hypercholesterolemia and cognition. We 
found two studies on the relationship between metabolic syndrome and cognitive function32, 

33, but no specific associations between cSVD and cognitive functions were reported. All 
studies, except seven13, 20, 21, 28-31, had a cross-sectional design, and all, except one21, included 
extensive neuropsychological assessment. 
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Diabetes
We included twelve papers on both type 1 diabetes and type 2 diabetes patients13-19, 25, 28-31. All 
studies investigated cognition with extensive neuropsychological testing. Five studies had a 
longitudinal design13, 28-31. In the cross-sectional studies, the association between WMLs and 
cognition was most prominent for information processing speed, with diabetics performing 
worse on cognitive measures than non-diabetic controls14, 15. 
The number of silent brain infarcts (SBI) was significantly correlated to decline in speed and 
executive function with stronger associations at follow-up than at baseline28. Patients with 
either WMLs or SBI progression showed a more rapid decline in speed28, 31 and executive 
function31 than those without progression. Accelerated cognitive decline was also found in 
patients with greater increase in WMLs13. Umegaki and Van Elderen29, 30 however, found no 
association between change scores in executive function and baseline MRI parameters, such 
as WMLs and silent cerebral infarcts. 

Hypertension
Eight papers were included that studied the relationship between hypertension, cerebrovascu-
lar lesions and cognition9, 20-24, 26, 27. Treated as well as non-treated hypertensive patients were 
investigated and hypertension duration ranged from two to nine years at baseline. Cross-sec-
tional studies most often found an association between WMLs and executive function and 
attention, with hypertensive patients performing worse on cognitive measures than normo-
tensive controls23, 24. 
In the longitudinal study by Swan et al20, subjects with a high midlife systolic blood pressure 
(SBP) appeared to have greater cognitive decline (particularly information processing speed) 
and larger white matter hyperintensities (WMH) volumes at follow-up than those with low 
midlife SBP. Kitagawa et al21 found that six patients (22.2%) showed a decline of more than 
3 points on the Mini Mental State Examination (MMSE)34 after 3 years. Baseline MMSE, 
WMLs and lacunes were similar in decliners and non-decliners. However, patients with low-
er cerebral blood flow at baseline developed cognitive decline and dementia, whereas cogni-
tive function remained intact in patients with higher cerebral blood flow. 

Patients with cardiovascular disease
The relationship between cardiovascular disease, cerebrovascular lesions and cognition was 
investigated in 29 studies (2 on cardiac disease35, 36 and 27 on stroke37-63). We were unable to 
detect studies that reported on the relationship between peripheral artery disease or myocar-
dial infarction, neuroimaging and cognition. 

Cardiac disease
Vogels et al36 investigated cognition, together with the expressions of cSVD in patients with 
heart failure (HF). The design was cross-sectional, and cognitive domains were investigated 
with several tests in patients with HF and healthy controls. The result showed no correlation 
of WMLs with any of the cognitive measures, but medial temporal lobe atrophy was cor-
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related with memory and executive functioning. However, it was demonstrated that 24% of 
the HF patients was cognitively impaired as opposed to 4% of the healthy controls. In a same 
patient population, Beer et al35 however, found an association of global cognitive function 
with deep white matter lesions and medial temporal lobe atrophy. 

Stroke
The relationship between stroke, cSVD and cognition was examined by 27 studies. Some 
studies examined stroke in general without subdividing (N=7), others studied ischemic stroke 
patients (N=8) and others specified to lacunar stroke patients (N=12). None of the included 
studies reported specifically on hemorrhagic stroke. 

Stroke 
The relationship between stroke, cSVD and cognition was examined by 4 cross-sectional37-39, 

48 and 3 longitudinal studies45, 46, 51. All of the studies, except five37, 45, 46, 48, 51 conducted ex-
tensive neuropsychological assessment. The majority of cross-sectional studies reported an 
association between WMLs and executive functioning. 
Conversion to dementia was recorded by Firbank45 and Dufouil46. Firbank et al45 weren’t 
able to find differences in brain volumetric measures, baseline scores or slopes of decline be-
tween converters and non-converters. However, Dufouil46 observed that, 4 years after stroke, 
around 10% of patients developed dementia, and that this dementia risk was 7.7 times higher 
in subjects with severe WMLs compared to those without WMLs. Firbank et al51 recently 
found that volume of WMLs was a significant neuroimaging predictor of shorter time to 
dementia onset in a sample of stroke patients. 

Ischemic stroke
The relationship between stroke, cSVD and cognition was examined by 6 cross-sectional40-42, 

47, 49, 50 and 2 longitudinal studies43, 44. All of the studies, except one50 conducted extensive neu-
ropsychological assessment. The majority of cross-sectional studies reported an association 
between WMLs and general cognitive function. The studies by Sachdev et al40-42 represent the 
same population and we included the article with the highest number of patients42.
In the longitudinal study by Ross et al43 it was noticed that in stroke patients and controls, 
the change in cognition, based on overall Z-score correlated with WMLs after a follow-up 
period of 12 months. This correlation however, disappeared for stroke patients after a fol-
low-up of 3 years, possibly due to reduced power43. Sachdev et al44 divided stroke patients in 
a vascular mild cognitive impairment (vMCI; 43.3%) group and a group with no cognitive 
impairment (56.7%) and compared both groups with healthy controls. Stroke patients, either 
with or without cognitive deficits, had more WMLs than the control group. At baseline, the 
vMCI group performed worse than the other groups on all cognitive tests, except verbal 
memory. Follow-up analyses revealed that this group declined significantly on word naming 
(Boston Naming Task) and word fluency, but only marginally on memory. Sachdev et al44 
also recorded conversion to dementia, but weren’t able to find differences in brain volumetric 
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measures, baseline scores or slopes of decline between converters and non-converters. 

Lacunar stroke
Twelve studies52-63, of which 5 longitudinal52, 57-59, 62, investigated cognition and cSVD in lacu-
nar stroke patients. Two studies used the dichotomous variable vMCI or cognitive impairment 
as outcome variable53, 63. Baseline assessment ranged from less than a month to 3 months after 
stroke onset and follow-up assessment from 1 to 9 years. Cross-sectional studies most often 
found an association between lacunar infarcts and executive function and attention. 
Longitudinal studies found no change in cognition after 1 to 3 years52, 58. WMLs were cor-
related with cognitive impairment, whereas no relationship was found between increase in 
WMLs and decline in cognition at follow-up57, 58. Yamamoto62 however, found that extensive 
WMLs were an independent predictor for the development of dementia. No differences con-
cerning WMLs increases at follow-up were found between patients with vMCI and those 
without cognitive impairment59. 

Discussion
Based on the diagnostic criteria for VCI by Gorelick et al3, we reviewed studies that aimed to 
investigate the relationship between cerebrovascular damage, in terms of cSVD, and cogni-
tive function in patients with cardiovascular risk factors and patients with manifest cardio-
vascular disease. The focus of this review was on WMLs and lacunar infarcts in relation to 
both cognitive status and cognitive decline. 
Most studies were based on a cross-sectional design, generally exploring associations be-
tween WMLs and performance in different cognitive domains. In all groups, negative asso-
ciations between WMLs and cognitive status were reported. Most studies reported decreased 
executive function, information processing speed and memory, which is in line with the sug-
gested disconnection of frontosubcortical structures64. Memory impairment on the other hand, 
might be related to smaller hippocampal volumes, which have been observed in patients with 
cSVD65. Since none of the included studies compared (at) risk groups, we cannot speculate 
about differences in either the severity of cSVD and cognitive impairment or differences in 
their interrelationships. In symptomatic groups and in particular stroke patients, it has been 
found that those with cognitive impairment showed more cerebrovascular damage in terms of 
cSVD and/or damage related to their stroke than those without cognitive impairment44, 66. 
One third of the included studies had a longitudinal design, with some observing progression 
of WMLs paralleled by a decline in cognition and others reporting no such association. These 
equivocal outcomes were found in patients at risk for, as well as in patients with symptomatic 
cardiovascular disease. However, an increased risk for dementia in those with WMLs was 
confined to patients with symptomatic cardiovascular disease. This finding is in line with 
the absence of an association between WMLs and incident dementia in patients at risk for 
cardiovascular disease67 and the presence of an association between clinical stroke, WMLs 
and generalized brain atrophy and an increased risk of dementia68, 69. Generalized brain at-
rophy on MRI is a characteristic finding in Alzheimer’s Disease70, 71, but is also associated 
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with vascular risk factors and cSVD72. Overall, the investigated studies in this review did not 
adjust for generalized atrophy in their analyses. Since brain atrophy and WMLs seem to be 
independently related to longitudinal cognitive decline in patients with cSVD73, the above-
mentioned equivocal results might be explained by differences in (sub)cortical atrophy. 
When we put these results into perspective with the criteria of Gorelick et al3, we found as-
sociations between cSVD and cognitive function in patients with or without symptomatic 
cardiovascular disease, but only patients with symptomatic cardiovascular disease had an 
increased risk of dementia. This may indicate that clinical stroke, either lacunar or cortical, 
plays an intermediate role in the relationship between cSVD and cognitive impairment. Be-
sides clinical stroke, the structural integrity of the normal-appearing white matter (NAWM) 
should also be taken into account when investigating the relationship between cSVD and 
cognitive function74. Conventional FLAIR imaging is however not able to detect microstruc-
tural pathology extending into the NAWM and the studies described in this review could 
not adjust for this factor. Microstructural differences in NAWM might explain why some 
subjects suffer from severe cognitive impairment and cognitive decline and others not. It is 
therefore suggested to use DTI-imaging, which explores white matter tracts, instead of the 
conventional T2 and FLAIR images, especially in longitudinal studies75.  
Other possible mediating factors might be socioeconomic status and age. Low socioeconomic 
status is known to be related to a greater burden of vascular risk factors76-78 and consequently 
might be related to a lower cognitive reserve with the presence of cSVD. Whereas the mean 
age in most studies was about70, the mean age of the hypertensive patients was approximately 
55 years. Although most studies adjusted their results for age, as well as educational level, 
there might have been an advantage in cognitive performance for the hypertensive patients. 
As such, younger age may compensate the impact of WMLs on cognition.  
In the reviewed studies, visual as well as volumetric measures were used to assess the se-
verity of WMLs and both methods have their advantages and disadvantages79. A uniform 
method is necessary to compare the selected patient groups. Another and more complicated 
methodological issue is the problem of comorbidity in vascular disease, including the risk 
factors as reviewed here. This comorbidity, in either the at risk or the symptomatic patients, 
complicates discerning independent associations.  
Overall, the selection of studies is very heterogeneous with differences in the procedures of 
inclusion, design and times frames. For example, some lacunar stroke patients were included 
based on only their clinical syndrome, whereas other studies based their inclusion on MR 
imaging or a combination of these two. Furthermore, the longitudinal studies used different 
time frames of follow-up, varying from 1 to 10 years. To determine the relationship between 
cognition and imaging variables, it is important to plan baseline assessment of cognitive 
function 3 months after a symptomatic vascular event to reduce the effect of signal distortion 
caused by the acute phase. Most studies respected this time frame, but some studies planned 
their baseline assessment within 1 month or even within one week after the event44. Consider-
ing the patients with vascular risk factors, time from diagnosis to baseline assessment varied 

Proefschrift0712.indd   30 09.12.2013   08:38:16



  cSVD and cognition in cardiovascular disease

     
  31          

from 1 year to more than 10 years. Those patients with longer exposure might probably have 
performed worse than those with less time between diagnosis and baseline assessment. 
Finally, the MMSE was frequently used as the only cognitive test. It is however known that 
the MMSE is biased towards orientation and language, whereas executive and right-hemi-
sphere functions are not fully represented56, 57, 80. Given the impact on executive function and 
information processing speed, the MMSE is insensitive to assess cognition in cSVD patients. 
Preferably, cognition is assessed by an extensive neuropsychological battery, but at least 
by standard neuropsychological tests related to executive function, information processing 
speed and memory. 
In conclusion, cSVD seems to be related to cognitive status in patients with or at risk for 
cardiovascular disease, specifically affecting executive function, information processing 
speed and memory. Brain atrophy and clinical stroke may play an intermediate role in this 
relationship, especially in case of cognitive decline. These results refer to the complex inter-
relationships between vascular and degenerative pathology leading to cognitive impairment 
and decline, but the underlying structure of these relationships still remains unsolved. Overall 
standardization of assessment might be helpful to unmask this structure. 
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Abstract
Background - Associations of arterial stiffness with specific cognitive domains have been investigated in some stud-
ies, but long term follow-up studies are lacking and therefore no information is available on the predictive value of 
arterial stiffness on cognitive function. The aim of this study was to explore the association between arterial stiffness 
and cognitive performance after 5 years in patients with essential hypertension. 
Methods - We included 86  essential hypertensive patients. At baseline, patients underwent pulse wave velocity 
measurements and brain MRI. At 5-year follow-up, patients underwent brain MRI and neuropsychological assess-
ment. We investigated baseline pulse wave velocity in relation to cognitive function as well as cerebral small vessel 
disease imaging markers (white matter lesion volume, lacunar infarcts and brain microbleeds) at 5-year follow-up. 
Results - The difference in total WML volume between baseline and follow-up was significant, but only for patients 
in PWV tertile 2 and 3 (p<.001 and p=.028 respectively). Compound scores for all cognitive domains, except execu-
tive function, decreased with increasing pulse wave velocity. However, results lost significance when we corrected 
for age or white matter lesion volume. 
Conclusions - We found that increased arterial stiffness is a predictor for WML volume progression and that in-
creased arterial stiffness predicts cognitive function at follow-up, but not independently of age and white matter le-
sion volume. These findings support the “cerebral microvascular hypothesis” for intellectual deterioration in patients 
with arterial stiffness.
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Introduction
Arterial stiffness gradually increases with aging and supposedly is a risk factor for cerebrov-
ascular damage1, 2 and cognitive dysfunction3. Previous research into the relationship between 
arterial stiffness and cerebral small vessel disease (cSVD) revealed that increased arterial 
stiffness is positively associated with severity or volume of white matter lesions (WMLs)2, 4-8, 
and with the presence or number of lacunar infarcts (LACs)5, 7, 9, but not with the number of 
brain microbleeds (BMBs)5, 6, 8. Others found that arterial stiffness also correlates with cogni-
tive dysfunctioning10-22, in particular with memory performance3, 4, 22. Only four studies3, 16, 21, 

22 explored associations with specific multiple cognitive domains, but long term follow-up 
studies are lacking. Additionally, adjustments for MRI expressions of cSVD have rarely been 
made, even though this is needed to test the hypothesis that a “cerebral microvascular mecha-
nism” is responsible for decreased cognitive performance in patients with arterial stiffness23. 
The aim of the present study was to explore the association between incident arterial stiff-
ness, measured by pulse wave velocity, and cognitive performance 5 years later in patients 
with essential hypertension, taking into account the possible influence of cSVD markers. 

Methods
Participants
Subjects were essential hypertensive patients who were referred to the hypertension out-
patient clinic of the Department of Internal Medicine of the Maastricht University Medical 
Centre. Patients were included in a larger longitudinal study on the effects of hypertension 
on brain damage5 and cognitive function. Exclusion criteria were a history of symptomatic 
cardio- or cerebrovascular disease or contraindications for MRI. At baseline, blood pressure, 
aortic pulse wave velocity (PWV) measurements and brain MRI were performed. Five years 
after baseline assessment, MRI of the brain was repeated and an extensive neuropsychologi-
cal assessment was added. The study was approved by the Medical Ethics Committee of the 
Maastricht University Medical Centre and all participants gave written informed consent. 

Hemodynamic measurements
Hemodynamic measurements have been described in detail earlier5. Briefly, office blood 
pressure measurements were assessed by sphygmanometry in the sitting position. Three con-
secutive measurements were taken at the non-dominant arm after ≥5 minutes of rest, for 
which the mean was calulated. Mean systolic (SBP) and diastolic blood pressure (DBP) were 
used to calculate the peripheral pulse pressure (PP) and mean arterial pressure (MAP) by us-
ing the following formulas: PP= SBP- DBP and MAP= DBP+ [(SBP-DBP)/3]. 
Pulse wave velocity (PWV) was assessed noninvasively in the supine position, by applying 
the foot-to-foot velocity method24. The time delay (t) between the rapid upstroke of the feet 
of simultaneously recorded waveforms, obtained transcutaneously over the right common 
carotid artery and the right femoral artery, was measured with an automatic device (Com-
plior, Colson). We estimated the distance (D) traveled by the pulse waves by measuring the 
distance between the 2 recording sites over the body surface with a tape measure. PWV was 
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calculated as D/t (m/s). 

Brain magnetic resonance imaging
MRI of the brain (Intera 1.5T, Philips Medical Systems, Best, The Netherlands) was per-
formed to obtain axial T2-weighted, fluid-attenuated inversion recovery  and T2*-weighted 
gradient echo images. 
We defined white matter lesions (WMLs) as hyperintense areas in the periventricular and 
deep white matter on both T2-weighted and FLAIR images. Since visual rating scales ap-
ply arbitrary cutoffs to define lesion severity and display ceiling effects25, we quantified 
the WML volumes semi-automatically using the in-house developed (EG) image-processing 
software package GIANT, version 2V1.26 (General Imaging and Analysis Tools; Department 
of Psychiatry and Neuropsychology, Maastricht University, Maastricht, The Netherlands)26. 
Additionally, volumetric measurements may be more sensitive in detecting subtle differ-
ences25. A trained observer (MH) performed the quantitative assessments after reaching sat-
isfactory agreement with an experienced neuroradiologist. 
We identified asymptomatic lacunar infarcts as sharply demarcated hyperintense lesions <20 
mm on T2-weighted images with corresponding hypointense lesions with a hyperintense 
rim on FLAIR. BMBs were defined as punctate (<10 mm) homogeneous foci of low signal 
intensity on T2*-weighted images. Symmetrical hypointensities in the globi pallidi were dis-
regarded, since these most likely represent calcification. 

Cognitive function
Cognitive function was assessed by a trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)27, Stroop 
Colour Word Test (SCWT)28, Trailmaking Test A and B (TMT)29, category and letter flu-
ency30, 31, and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)32, 
Symbol Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, 
interference scores were computed. Interference score SCWT= time on card 3 – Mean (card 
1 + card 2). Interference score TMT= time card B – time card A. 
We compared performances on different cognitive domains by using Z standard scores. For 
each domain we computed compound scores. Memory domain= (Z/RAVLT immediate recall 
+ Z/RAVLT delayed recall + Z/RAVLT word recognition+ Z/digit span forward)/4; Execu-
tive functions domain= (Z/SCWT interference + Z/TMT interference + Z/category fluency 
+ Z/letter fluency + Z/digit span backward + Z/letter number sequencing)/6; Information 
processing speed= (Z/symbol substitution + Z/TMT A + Z/mean of Stroop card 1 and 2)/3. A 
compound score for overall cognitive function was calculated as the mean score of the three 
compound scores. Z-scores of tests with higher scores representing worse performance were 
inverted before computing the compound scores. Compound scores for memory, executive 
function, information processing speed and overall cognition were missing for 2,1,1 and 3 
patients respectively. Therefore, analyses on these variables were performed with a different 
number of subjects. 
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Statistical analysis
PWV was analysed in tertiles. We used analysis of variance to detect differences in baseline 
characteristics between the three tertiles of PWV. In case of skewed distribution or nominal 
or ordinal variables, we used Mann-Whitney U-tests, Pearson Χ2 or Somers’ d respectively. 
In order to detect differences in total WML between baseline and follow-up for the three ter-
tiles of PWV, we used non-parametric T-tests for related samples. Differences in progression 
of lacunar infarcts or BMBs between the tertiles was analyzed using Somers’ d directional 
measures. 
Linear regression models were used to test associations of PWV with cognitive function, 
adjusted for age and sex. Additionally, we performed linear regression analyses with markers 
of cSVD as confounding factors. Besides PWV measurements, we also assessed associa-
tions of pulse pressure, as a surrogate marker for arterial stiffness, with cognitive function. 
All analyses were performed using PASW 18.0 (Statistical Package for the Social Sciences; 
Chicago, IL, USA). 
 
Results
Out of the 218 hypertensive patients included at baseline, 198 agreed to be contacted for 
follow-up studies. We included 112 patients with 5-year follow-up MRI and extensive neu-
ropsychological assessment. Reasons for exclusion were: not interested (N=69), cerebro-
vascular accident or transient ischemic attack between baseline and follow-up (N=7), pre-
existent cognitive problems (N=3), death (N=4), or other reasons (N=3). Of the 112 included 
patients, 86 patients had PWV measurements at baseline. Age, sex, BMI, SBP, DBP and PP 
did not differ between the 86 included and 26 excluded patients. Time to follow-up was 5.0 
years (SD=0.1). Characteristics of the study population by tertiles of PWV are shown in table 
1. Age, SBP and PP at baseline, and WML volume at follow-up, were significantly different 
for the three tertiles of PWV. 

Arterial stiffness and cerebral small vessel disease
WML volumes at baseline (p=.001) and follow-up (p=.006) increased significantly with in-
creasing PWV. Although the presence of asymptomatic lacunar infarcts and BMBs at base-
line and follow-up increased with increasing arterial stiffness, the overall difference across 
tertiles was not statistically significant. 
The difference in total WML volume between baseline and follow-up was significant, but 
only for patients in PWV tertile 2 and 3 (p<.001 and p=.028 respectively). A trend for a dif-
ference in progression of BMBs was found for the three tertiles of PWV (Somers’ d=.141, 
p=.078), with the highest prevalence of progression in the third tertile (3.4%, 14.3% and 
17.2% respectively). 
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Table 1. Characteristics of the study population according to PWV tertiles

All (n=86) PWV≤10.2 m/s 
(n=29)

PWV10.2-12.5 
m/s (n=28)

PWV ≥12.5 m/s 
(n=29)

p*

Age, years 55.4±12.7 47.5±12.0 55.4±11.8 63.3±9.1 <.001

Male sex 49 (57.0) 15 (51.7) 14 (50.0) 20 (69.0) .275

BMI, kg/m2 27.3±4.2 27.1±3.8 28.1±5.0 26.6±3.8 .380

Office SBP, mmHg 166.1±24.5 155.4±17.2 166.4±23.2 176.6±27.9 .003

Office DBP, mmHg 101.9±12.4 99.7±12.2 103.1±11.1 103.0±13.9 .502

Office MAP, mmHg 123.3±14.9 118.3±12.6 124.2±13.8 127.6±17.0 .055

Office PP, mmHg 64.2±19.1 55.7±13.2 63.3±18.0 73.6±21.4 .001

Office HR, bpm 74.3±11.3 74.6±10.2 72.1±10.6 76.1±12.9 .405

Brain MRI at BL

WML volume, mm3 493 (233- 1525) 343 (215- 791) 368 (200- 1168) 1197 (650- 3749) .001

Presence of LACs 17 (19.8) 4 (13.8) 4 (14.2) 9 (31.0) .073

Presence of BMBs 10 (11.6) 
 

2 (6.9) 3 (10.7) 5 (17.2) .190

Brain MRI at 5 years

WML volume, mm3 716 (211- 2621) 269 (116- 1094) 659 (243- 2424) 1806 (605- 6456) .006

Presence of LACs 20 (23.3) 4 (13.8) 7 (25.0) 9 (31.0) .093

Presence of BMBs 12 (14.0) 2 (6.9) 4 (14.2) 6 (20.7) .102
Data are shown as mean± SD, number (%), or median (interquartile range [IQR]). BMI= body mass index; 
SBP=systolic blood pressure; DBP= diastolic blood pressure; MAP= mean arterial pressure; PP= pulse pres-
sure; HR= heart rate; PWV= pulse wave velocity; BV= brain volume; WML= white matter lesion; LAC= lacunar 
infarct; BMB= brain microbleed. *p values are for overall differences across tertiles.

Arterial stiffness and cognitive function
With increasing PWV, compound scores for all cognitive domains, except executive function, 
decreased (table 2). However, results lost significance when we corrected for age (model 1). 
When we corrected for imaging markers of cSVD (model 3 to 5) in regression analyses, 
results often remained significant after correction for lacunar infarcts or BMBs, but disap-
peared completely after correction for WML volume. None of these results remained signifi-
cant after an additional correction for age. 
Compound scores for all cognitive domains, except executive function, were significantly 
lower for those patients with higher PP. This effect however, disappeared after correction for 
age (model 1). When we corrected for imaging markers of cSVD (model 3 to 5), results often 
remained significant after correction for lacunar infarcts or BMBs, but disappeared after cor-
rection for WML volume, except for information processing speed. However, none of these 
results remained significant after an additional correction for age.
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Table 2. Relationship between arterial stiffness measures and cognitive function

Cognitive domain Aortic PWV 
Unstandardized regression coef-
ficient (95% CI)

Office PP
Unstandardized regression coef-
ficient (95% CI)

Memory
- Unadjusted
- Model 1
- Model 2
- Model 3
- Model 4
- Model 5

-0.062 (-0.113 to -0.010)*
0.015 (-0.040 to 0.071)
-0.052 (-0.104 to -0.001)*
-0.054 (-0.105 to -0.003)*
-0.058 (-0.110 to -0.005)*
-0.052 (-0.104 to 0.001)

-0.011 (-0.018 to -0.003)†
-0.004 (-0.012to 0.004)
-0.013 (-0.020 to -0.005)‡
-0.007 (-0.015 to 0.001)
-0.10 (-0.018 to -0.002)*
-0.008 (-0.016 to 0.000)*

Executive function
- Unadjusted
- Model 1
- Model 2
- Model 3
- Model 4
- Model 5

-0.033 (-0.087 to 0.022) 
0.039 (-0.020 to 0.098)
-0.037 (-0.093 to 0.018)
-0.022 (-0.074 to 0.030)
-0.025 (-0.080 to 0.031)
-0.027 (-0.083 to 0.029)

-0.007 (-0.015 to 0.001)
0.002 (-0.007 to 0.010)
-0.007 (-0.015 to 0.001)
-0.003 (-0.011 to 0.005)
-0.007 (-0.015 to 0.002)
-0.007 (-0.016 to 0.002)

Information processing speed
- Unadjusted
- Model 1
- Model 2
- Model 3
- Model 4
- Model 5

-0.107 (-0.169 to -0.045)‡ 
-0.002 (-0.065 to 0.061)
-0.108 (-0.172 to -0.044)‡
-0.095 (-0.155 to -0.035)†
-0.093 (-0.156 to -0.030)†
-0.099 (-0.163 to -0.035)†

-0.019 (-0.028 to -0.010)‡
-0.006 (-0.015 to 0.003)
-0.020 (-0.029 to -0.011)‡
-0.013 (-0.022 to -0.004)†
-0.017 (-0.025 to -0.008)‡
-0.019 (-0.028 to -0.009)‡

Overall cognitive function
- Unadjusted
- Model 1
- Model 2
- Model 3
- Model 4
- Model 5

-0.063 (-0.111 to -0.014)*
0.019 (-0.030 to 0.069)
-0.061 (-0.111 to -0.011)*
-0.053 (-0.100 to -0.007)*
-0.053 (-0.102 to -0.004)*
-0.059 (-0.108 to -0.009)*

-0.011 (-0.018 to -0.004)†
-0.002 (-0.010 to 0.005)
-0.012 (-0.019 to -0.005)‡
-0.007 (-0.014 to 0.000)
-0.010 (-0.017 to -0.003)†
-0.011 (-0.019 to -0.003)†

Linear regression analyses: arterial stiffness predicting cognitive function. Model 1: adjusted for age. Model 2: 
adjusted for sex. Model 3: adjusted for total WML volume. Model 4: adjusted for total the presence of lacunar 
infarcts. Model 5: adjusted for the presence of BMBs. None of the significant results found in models 2 to 5 
remained significant after additional correction for age.
* p≤.05
† p≤.01
‡ p≤.001

Discussion
The aim of this study was to explore the association between arterial stiffness and cognitive 
performance after 5 years in patients with essential hypertension, corrected for markers of 
cSVD. We found that increasing arterial stiffness was associated with decreased cognitive 
functioning, but not independently of age or WML volume. Additionally, we found signifi-
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cant increases of WML volume at follow-up for patients with the highest tertiles of PWV at 
baseline.
Studies with a comparable study population found a relationship between PWV and MMSE 
score in younger (<65 years), but not in elderly hypertensive patients (>65 years)13. MMSE 
scores however, were lower for the elderly patients than for the younger patients, which 
implies that besides PWV, age contributed to the MMSE scores. In age-weighted analyses 
for the total population, PWV appeared to be the only predictor for MMSE scores. Kearney-
Schwartz et al4 studied hypertensive patients with memory complaints and found that PWV 
was related to memory score in men only. The authors of that study suggested that this was 
attributable to a strong predictive value of male gender to PWV and a more pronounced 
cardiovascular risk profile in men. We were not able to replicate the relation between PWV 
and memory score, as our results lost significance after adjustments for age. Since the study 
population by Kearney-Schwartz et al4 involved hypertensive patients with memory com-
plaints, variation in memory scores was probably much larger and associations with arterial 
stiffness easier to detect. Additionally, mean age was significantly lower in our population 
(55.4 versus 69.3 years) than in their population4. 
We earlier found that, cross-sectionally,  increasing arterial stiffness was independently as-
sociated with WMLs and lacunar infarcts in hypertensive patients5. Recently, Poels et al33 

revealed significant associations between increasing arterial stiffness and higher WML vol-
umes in the elderly general population, especially in those with uncontrolled hypertension. 
The present semi-longitudinal results showed a significant increase in WMLs at follow-up, 
but only for these patients in the highest tertiles of PWV at baseline. Patients in the highest 
tertile also showed a higher prevalence of BMB progression. As far as we know, this study is 
the first to investigate the effect of arterial stiffness on progression of cSVD. 
The finding that the association between increased arterial stiffness and decreased cogni-
tive function disappeared after adjustments for WML volume, is in line with the “cerebral 
microvascular hypothesis” for intellectual deterioration in patients with arterial stiffness as 
suggested by O’Rourke and Safar23. This hypothesis states that microvascular damage such 
as lacunar infarcts, WMLs and BMBs are caused by high pulsatile pressures and flow in the 
cerebral microvessels. This damage may in turn affect cognitive function. Mitchell et al21 
recently found associations of arterial stiffness with several cognitive domains in healthy 
elderly patients. When they adjusted for imaging markers of cSVD, effects were attenuated 
or no longer significant. They were the first to present results compatible with the hypothesis 
mentioned above in healthy elderly persons, and we confirmed this in a hypertensive popula-
tion which is at particular risk for increased PWV and cSVD. 
Besides the confounding effect of WML volume in the relation between arterial stiffness 
and cognitive function, our results were not independent of age. Although it is generally 
accepted to adjust for age in cognitive function research, a confounding effect of age was 
expected in this relationship. Due to the effects of aging, the arterial wall becomes thicker 
and arterial stiffness increases34. Rabkin et al35 recently presented a schematic summary of 
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potential mechanisms by which arterial stiffness could be causally related to cognitive im-
pairment. Age was suggested to cause arterial stiffness, but also neuronal damage and, as a 
consequence of either one of them, cognitive impairment. In a meta-analysis by Rabkin et al35 
they report 12 studies with multivariate analyses to study the relation between arterial stiff-
ness and cognition. In 75% of the studies, a significant effect of arterial stiffness on cognitive 
function was found after adjusting for factors such as age, gender or body mass index. How-
ever, only two studies4, 13 were based on a hypertensive population, of which only 1 found a 
significant effect4 after age correction. 
Apparently, arterial stiffness no longer has a predictive value for cognitive function in pa-
tients with obvious end organ damage, such as cSVD. Diffusion Tensor Imaging (DTI) may 
therefore be suggested to investigate this relationship in more detail. Since DTI is able to 
detect microstructural changes of the normal appearing white matter (NAWM) at a much 
earlier stage, this might influence the relationship between arterial stiffness, cerebrovascular 
damage and cognitive function36, 37. 
Strengths of our study include extensive neuropsychological testing, which enables to as-
sess the effect on several cognitive domains. Additionally, we measured arterial stiffness 
with carotid-femoral PWV, which is considered to be the golden standard in arterial stiffness 
measurements38. One of the limitations of this study concerns the design with the absence of 
a neuropsychological assessment at baseline and PWV measurements at follow-up, which 
prevents statements about causality. Longitudinal studies following increase of arterial stiff-
ness and cognitive decline over time are needed to confirm a causal relationship between the 
two. 
In conclusion, we found that increased arterial stiffness is associated with WML volume 
progression. Increased arterial stiffness also predicts cognitive function at follow-up, but 
not independent of age and WMLs. This latter finding supports the “cerebral microvascular 
hypothesis” for intellectual deterioration in patients with arterial stiffness. Additionally, ag-
ing-induced alterations in arterial stiffness also need to be considered as a possible cause 
for the relation with cognitive impairment. Future studies are therefore suggested to assess 
PWV, imaging markers of cSVD and cognitive function longitudinally, in order to investigate 
causality. 
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Abstract
Background – Hypertension is a major risk factor for cerebral small vessel disease (cSVD) and cSVD MRI markers 
are frequently seen in a hypertension population. Data on the relationship between progression of white matter le-
sions (WMLs) and cognitive function is increasing, but information on the progression of lacunar infarcts and brain 
microbleeds (BMBs) in relation to cognition, specifically in a hypertensive population with cSVD, is still sparse. 
Methods – We included 112 essential hypertensive patients. At baseline patients had an MRI of the brain. At 5-year 
follow-up imaging was repeated and an extensive neuropsychological assessment was added. WMLs were investi-
gated with quantitative volume measurements. We studied the cSVD markers (WML volume, lacunar infarcts and 
BMBs) at baseline and their progression in relation to cognitive function at 5-year follow-up. 
Results – Patients with substantive (fourth quartile) of WML progression performed significantly worse than pa-
tients with little progression (first quartile) on all cognitive domains, and results remained significant after correc-
tion for baseline WML volume and age and sex (all p<.05). Patients with progression of lacunar infarcts performed 
worse than those without on all cognitive domains except memory. However, only information processing speed 
remained significant after additional adjustments for age and sex. Progression of BMBs had no significant effects 
on cognitive function.
Discussion – We found that progression of cSVD over 5 years predicts cognitive function at follow-up, independent-
ly of cSVD damage at baseline. Patients with the largest progression of WMLs and progression of lacunar infarcts 
over 5 years follow-up had worse cognitive function compared to patients with the least or no progression.  Our 
results imply that even only minimal progression of cSVD has consequences for cognitive functioning. Prevention 
of progression of cSVD is therefore warranted. 
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Introduction
Hypertension is a major risk factor for cerebral small vessel disease (cSVD)1, which is char-
acterized by lacunar infarcts, white matter lesions (WMLs) and brain microbleeds (BMBs)2-4. 
We previously found that these cSVD markers are frequently seen in a hypertensive popu-
lation5. Furthermore, cSVD markers have been related to cognitive function in hyperten-
sive patients6, 7. The Framingham study found that blood pressure was unrelated to cognitive 
function measured at the same time point8. Late-life cognitive function however, did cor-
relate with blood pressure during mid-life9. Consequently, we were interested whether this 
time-dependency is also true for the relationship between cSVD and cognitive function in a 
hypertensive population. 
Cross-sectional associations between cSVD and cognition have been studied extensively. 
However, data on the progression of cSVD in relation to cognition are only sparse. In a popu-
lation with only minimal brain damage, it may be the slightest progression of brain damage 
that could have the most influence on cognitive function. This could be important to know 
for clinicians in order to make decisions on treatment strategies. 
In a general population study, it was found that progression of WMLs was related to high 
blood pressure and a decline in information processing speed10. In an elderly population with 
any degree of WMLs on MRI, progression of WMLs was found in 74% over 3 years11 and 
was associated with a decline in executive and general cognitive function12, 13. TIA or stroke 
patients who had an increase in WML volume over 4 years had an increased risk for cognitive 
decline and dementia14. 
Regarding progression of lacunar infarcts and BMBs, associations with cognitive decline 
have not been investigated that extensively. Progression of lacunar infarcts appeared to be 
related to a steeper rate of decline in executive function and speed and motor control in a 
cohort of patients with WMLs12. Regarding BMBs, studies exploring the association between 
BMBs at baseline and cognitive decline did not take into account the association with actual 
progression of BMBs15, 16.
The aim of this study was to assess whether cSVD-related brain damage at baseline, or its 
progression over years, can predict cognitive function at 5-year follow-up in a hypertensive 
population. 

Methods
Participants
Subjects were essential hypertensive patients who were referred to the hypertension out-
patient clinic of the Department of Internal Medicine of the Maastricht University Medical 
Centre. Patients were selected from a larger longitudinal study on the effects of hypertension 
on brain damage17 and cognitive function. Exclusion criteria were a history of symptomatic 
cardio- or cerebrovascular disease, secondary hypertension, chronic renal failure, diabetes, 
obstructive sleep apnea or contraindications for MRI. At baseline (N=218), an MRI of the 
brain was conducted. Five years after baseline, MRI was repeated and an extensive neuropsy-
chological assessment was added. The study was approved by the Medical Ethics Commit-
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tee of the Maastricht University Medical Centre and all participants gave written informed 
consent. 

Figure 1. Flow of participants

Brain magnetic resonance imaging
MRI of the brain (Intera 1.5-T, Philips Medical Systems, Best, The Netherlands) was per-
formed to obtain axial T2-weighted, fluid-attenuated inversion recovery (FLAIR) and T2*-
weighted gradient echo (GE) images. The T2 and FLAIR imaging data were analyzed for 
WML volumes by using the in-house developed (EG) image-processing software package 
GIANT (General Imaging and Analysis Tools; Department of Psychiatry and Neuropsychol-
ogy, Maastricht University, Maastricht, The Netherlands)17. Hyperintense areas on T2 as well 
as FLAIR images were scored semi-automatically as WMLs. WML progression was calcu-
lated by follow-up volume minus baseline volume. We identified silent lacunar infarcts as 
sharply demarcated hyperintense lesions <20 mm on T2-weighted images with correspond-
ing hypointense lesions with a hyperintense rim on FLAIR. BMBs were defined as punctate 
(<10 mm) homogeneous foci of low signal intensity on T2*-weighted GE images. Follow-up 
MRI scans were side-by-side compared to baseline MRI. The development of ≥1 new lacunar 
infarct or BMBs at follow-up was defined as progression. 

Cognitive function
Cognitive function was assessed by a trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)18, Stroop 
Colour Word Test (SCWT)19, Trailmaking Test A and B (TMT)20, category and letter flu-
ency21, 22, and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)23, 

Included at baseline 
N=218

Eligible for inclusion
N=198

Included in study
N=112

No consent for or lost to follow-up N= 20

Not interested N= 69
Cerebrovascular event during follow-up N= 7
Death N= 4
Pre-existent cognitive problems N= 3
Other N= 3
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Symbol Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, 
interference scores were computed. Interference score SCWT= time on card 3 – Mean (card 
1 + card 2). Interference score TMT= time card B – time card A. 
We compared performances on different cognitive domains by using Z standard scores. For 
each domain we computed compound scores. Memory domain= (Z/RAVLT immediate recall 
+ Z/RAVLT delayed recall + Z/RAVLT word recognition+ Z/digit span forward)/4; Execu-
tive functions domain= (Z/SCWT interference + Z/TMT interference + Z/category fluency 
+ Z/letter fluency + Z/digit span backward + Z/letter number sequencing)/6; Information 
processing speed= (Z/symbol substitution + Z/TMT A + Z/mean of Stroop card 1 and 2)/3. A 
compound score for overall cognitive function was calculated as the mean score of the three 
compound scores. Z-scores of tests with higher scores representing worse performance were 
inverted before computing the compound scores. Compound scores for memory, executive 
function, information processing speed and overall cognition were missing for 2, 1, 1 and 3 
patients respectively. Therefore, analyses on these variables were performed with a different 
number of subjects. 

Statistical analysis
Differences in baseline characteristics between quartiles of WML volume progression were 
analyzed using analysis of variance, Χ2 tests, or non-parametric independent samples medi-
an-tests, where appropriate. Differences in baseline characteristics between patients with and 
without progression of lacunar infarcts and BMBs, were analyzed with independent T-tests, 
Χ2 tests or non-parametric independent samples median-tests, where appropriate. 
We first analyzed associations of quartiles of total WML volume, presence of asymptomatic 
lacunar infarcts and presence of BMBs at baseline, with all cognitive domains, using linear 
regression analyses. We additionally adjusted for age and sex. Secondly, we analyzed asso-
ciations of progression of WML volume, lacunar infarcts and BMBs during the past 5 years 
with cognition at follow-up, by using linear regression analyses, additionally adjusting for 
age, sex and baseline volume or presence of cSVD MRI markers. WML volume progression 
was analyzed in quartiles. All analyses were performed using PASW 18.0 (Predictive Analyt-
ics SoftWare; Chicago, IL, USA). 

Results
Out of 198 patients who consented in being contacted for follow-up studies, we included 112 
patients with a follow-up brain MRI and neuropsychological assessment (figure 1). Patients 
with follow-up assessment did not differ from those without follow-up regarding age or sex. 
We present baseline characteristics according to quartiles of WML volume progression (table 
1) and the presence of progression of lacunar infarcts and BMBs (table 2). Median WML 
volume at baseline was 485 (IQR 216 – 1363 mm3) and median progression was 82 (IQR 
-82 – 716 mm3). Ten (8.9%) patients showed progression of lacunar infarcts and 12 (10.7%) 
of BMBs over 5 years. Mean Z-scores of cognitive function by quartiles of WML progression 
are presented in figure 2. 
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cSVD at baseline and cognitive function
Patients in the fourth quartile of total WML volume performed significantly worse than pa-
tients in the second quartile on the domains of memory (β =-.403±.185, p=.031), informa-
tion processing speed (β=-.463±.225, p=.042) and overall cognitive function (β =-.356±.173, 
p=.042). Patients in the fourth quartile also performed worse than patients in the first quartile 
on information processing speed (β =-.531±.225, p=.020). None of these results remained 
significant after correction for age and sex. 
No significant associations between the presence of asymptomatic lacunar infarcts or the 
presence of BMBs at baseline were found with any of the cognitive domains. 

Table 1. Baseline characteristics according to quartiles of total WML volume progression

Quartile 1 (n=28) Quartile 2 (n=28) Quartile 3 (n=28) Quartile 4 (n=28) p

Age, mean years 52.6±12.6 53.7±12.0 56.6±12.0 62.9±9.5 .006

Male sex 19 (67.9) 17 (60.7) 14 (50.0) 15 (53.6) .539

Time to follow-up, 
years

5.0±0.1 5.0±0.1 5.0±0.1 5.0±0.1 .355

Diabetes 1 (3.6) 1 (3.6) 0 (0.0) 0 (0.0) .565

BMI, mean kg/m3 27.2±4.5 27.5±4.7 27.6±3.6 27.2±4.1 .971

Current smoking 3 (11.1) 3 (10.7) 6 (21.4) 4 (14.3) .644

WML volume, me-
dian (IQR) mm3

428 (238-1294) 
 

202 (94-318) 537 (339-1247) 
 

1739 (709-5426) .000

Lacunar infarcts 8 (28.6) 1 (3.6) 2 (7.1) 11 (39.3) .001

BMBs 4 (14.3) 2 (7.1) 2 (7.1) 5 (17.9) .503
Numbers represent frequencies with their percentage, except where reported otherwise. BMI= body mass index; 
WML= white matter lesion; IQR= interquartile range; BMBs= brain microbleeds. WML volume is given in mm3

Progression of cSVD and cognitive function 
Table 3 presents associations between quartiles of WML progression over 5 years and cogni-
tive function after 5 years. Patients in the highest quartile of WML progression performed 
significantly worse than patients in the first and second quartile on all cognitive domains. Pa-
tients in the third quartile also performed significantly worse than patients in the first quartile 
regarding information processing speed and overall cognition. When we adjusted for base-
line WML volume (model 2) and additionally for age and sex (model 3), results remained 
significant for all cognitive domains for the differences between the first and fourth quartile 
(model 2 and 3). The differences between quartile 1 and 3 regarding information processing 
speed and overall cognition also remained significant, after correction for baseline WML 
volume, age and sex. 
Patients with progression of lacunar infarcts performed worse on measures of executive 
function (β=-.481±.233, p=.041), information processing speed (β=-.827±.274, p=.003) and 
overall cognition (β=-.560±.209, p=.009). After adjustments for baseline presence of lacunar 
infarcts results remained significant (p=.040, p=.004 and p=.014, respectively). 
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Figure 2. Mean Z-scores of cognitive function by quartiles of WML progression

Table 2. Baseline characteristics of patients with and without progression of lacunar infarcts and brain micro-
bleeds. 

Progression LAC Progression BMBs

Yes (n=10) No (n=102) p Yes (n=12) No (n=100) p

Age, mean years 65.8±9.3 55.5±12.0 .010 62.6±7.1 55.7±12.4 .063

Male sex 4 (40.0) 61 (59.8) .226 6 (50.0) 59 (59.0) .551

Time to follow-up, 
years

5.0±0.1 5.0±0.1 .670 5.0±0.0 5.0±0.1 .971

Diabetes 0 (0.0) 2 (2.0) .655 0 (0.0) 2 (2.0) .621

BMI, mean kg/m2 26.8±4.0 27.4±4.2 .622 27.3±3.4 27.4±4.3 .920

Current smoking 2 (20.0) 14 (13.9) .598 2 (16.7) 14 (14.1) .814

WML volume, me-
dian (IQR) mm3

4001 (2069-
11229) 

370 (200-
1059)

.003 1042 (377-
7215)

418 (203-
1249)

.127

Lacunar infarcts 6 (60.0) 16 (15.7) .001 4 (33.3) 18 (18.0) .206

BMBs 4 (40.0) 9 (8.8) .003 4 (33.3) 9 (9.0) .013
Numbers represent frequencies with their percentage, except where reported otherwise. BMI= body mass index; 
WML= white matter lesion; IQR= interquartile range; BMBs= brain microbleeds. WML volume is given in mm3
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After additional adjustments for age and sex, only information processing speed remained 
significant (p=.049). None of the cognitive domains were significantly different between 
patients with and without BMB progression. 

Table 3. Relations of WML progression with cognitive function

Model 1 p Model 2 p Model 3 p

Memory Q1-Q4 -.575±.180 .002 -.519±.185 .006 -.397±.173 .023

Q2-Q4 -.425±.181 .021 -.283±.216 .193 -.267±.196 .176

Q1-Q3 -.250±.178 .164 -.265±.178 .140 -.209±.164 .204

Executive function Q1-Q4 -.700±.182 <.001 -.645±.188 .001 -.490±.187 .010

Q2-Q4 -.530±.182 .004 -.394±.219 .074 -.329±.212 .123

Q1-Q3 -.352±.180 .053 -.366±.180 .045 -.263±.177 .139

Information pro-
cessing speed

Q1-Q4 -.923±.215  
 

.000 -.733±.217 .001 -.506±.196 .011

Q2-Q4 -.656±.215 .003 -.289±.252 .255 -.199±.222 .373

Q1-Q3 -.541±.213 .012 -.580±.208 .006 -.411±.185 .028

Overall cognition Q1-Q4 -.685±.165 <.001 -.607±.168 .000 -.436±.155 .006

Q2-Q4 -.510±.166 .003 -.315±.196 .110 -.264±.176 .136

Q1-Q3 -.381±.162 .020 -.402±.160 .014 -.296±.146 .045
Values refer to unstandardized Betas with standard errors and p-values. Model 1: univariate linear regression 
analysis with WML progression as independent and cognitive function as dependent variable. Model 2: linear 
regression analysis with correction for baseline WML volume. Model 3: linear regression analysis with correction 
for baseline WML volume, age and sex. Q1-Q4= quartile 1 compared to quartile 4 regarding progression of WML 
load between baseline and 5-years follow-up. 

Discussion
We investigated whether cSVD-related brain damage at baseline, or its progression over 
years, can predict cognitive function at 5-year follow-up in a hypertensive population.
We found that progression of cSVD over 5 years predicted cognitive function at follow-up. 
Patients with the largest progression of WMLs over 5 years follow-up performed worse on 
all cognitive domains compared to patients with the least progression, even after adjustments 
for age, sex and baseline WML volume. Additionally, patients with progression of asympto-
matic lacunar infarcts performed worse on information processing speed than those without 
progression after adjustments for age, sex and baseline presence of lacunar infarcts. Baseline 
cSVD however, did not predict cognitive function after 5 years. Progression of BMBs had 
no effect on cognition. 
Additionally, at 5-year follow-up, cross-sectional analyses showed only minimal associa-
tions between cSVD and cognitive function. These results suggest that there exists a certain 
time-dependency for the relationship between cSVD and cognitive function in a hypertensive 
population, comparable to the relationship between blood pressure and cognitive function8, 

9. An important difference however, is that in our study progression of cSVD over years was 
a better predictor for cognitive function than cSVD at baseline or follow-up. This might 
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be explained by the fact that our hypertensive population is a relatively healthy population 
considering the minimal brain damage they have. Our results therefore imply that even only 
minimal progression of cSVD has consequences for cognitive functioning. 
We found that patients with the largest progression of WML volume performed worse on all 
cognitive domains compared to patients with the least progression. This is in line with other 
studies13. Dufouil et al14 revealed an increased risk for cognitive decline and dementia in indi-
viduals with severe WMLs at baseline and progression of WMLs over 4 years. Though based 
on a visual rating scale, the LADIS study13 also found an inverse relationship between pro-
gression of WML severity and cognitive function. However, the significance of their results 
disappeared for patients with extensive WML lesions at baseline, while our results were all 
independent of baseline WML volume. The authors explained this finding by a pronounced 
cognitive decline already present at baseline in these individuals, irrespective of change in 
lesion extent. It might also be explained by a difference in inclusion criteria. Patients in-
cluded in the LADIS study, by definition, had some degree of WMLs, while we also included 
patients without any WMLs. Patients with progression of silent lacunar infarcts performed 
worse on information processing speed than those without progression in our study. This is 
in line with recent findings by Jokinen et al12, who found that progression of lacunar infarcts 
was related to a steeper rate of decline in speed and motor control and executive function. 
Our results support the view that prevention of cSVD progression could reduce the risk of 
decreased cognitive functioning. It has previously been shown that progression of WMLs 
was limited in adequately controlled hypertensive patients1, 24. In another study25 it has been 
shown that progression of WML load was reduced by active blood pressure lowering in 
patients with cerebrovascular disease. The greatest beneficial effect on WML progression in 
that study was found in patients with severe WMLs at baseline. Another report26 showed a 
relative risk reduction of 34% for dementia and 45% for cognitive decline in patients on ac-
tive blood pressure lowering treatment, but only in patients with recurrent stroke. In patients 
without recurrent stroke, no risk reductions were found. Our patients were treated for their 
hypertension according to standard guidelines and this could have influenced the progression 
of cSVD and accordingly their cognitive decline. Unfortunately we don’t have detailed infor-
mation about the treatment, blood pressure levels and meeting of blood pressure goals. 
Strengths of our study include extensive neuropsychological testing, which enabled us to as-
sess the effect on several cognitive domains. Another strength is the use of quantitative WML 
volume measurements. In longitudinal studies this is preferred since even a small change in 
WML volume can be detected. Specific visual ratings scales were developed for the grading 
of progression of white matter lesions, such as the Rotterdam Progression Scale27. Although 
the correlation with volumetric measurements was satisfactory, inter-rater agreement was 
only good after additional training. Moreover, it tended to overestimate lesion change in the 
subcortical areas, and underestimate change in the periventricular region. However, it should 
be noticed that due to the use of an upgraded version of GIANT, baseline WML volumes 
were different to what was published before17. This is a common and prevalent problem in 
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quantitative volume measurements28. One of the limitations of this study is the absence of a 
neuropsychological assessment at baseline, which prevents statements about causality and 
the ability to assess a decline in cognitive function. Future studies are suggested to assess 
progression of all cSVD markers in relation to cognitive decline. Another limitation is the 
absence of blood pressure information, such as blood pressure measurements at follow-up as 
well as treatment information.  
In conclusion, we found that progression of cSVD over 5 years predicted cognitive func-
tion at follow-up. Patients with the largest progression of WMLs and progression of lacunar 
infarcts over 5 years follow-up had worse cognitive function compared to patients with the 
least or no progression. These results suggest that specifically in this hypertensive population 
with minimal cSVD-related brain damage, progression of cSVD has a substantial impact on 
cognitive functioning and prevention measures are warranted.  
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Abstract
Background – Up to 50% of patients with heart failure (HF) may suffer from severe cognitive impairment (SCI), but 
longitudinal studies are sparse and effects of changes in HF severity on cognitive function are unknown. Therefore, 
we assessed the prevalence of SCI in HF patients, its relationship with HF severity, its effects on morbidity and 
mortality and the relationship between changes in HF severity and cognitive function. 
Methods – We included 611 patients from the Trial of Intensified versus standard Medical therapy in Elderly patients 
with Congestive Heart Failure (TIME-CHF) and assessed cognitive function (Hodkinson Abbreviated Mental Test 
[AMT]) in relation to severity of HF (New York Heart Association [NYHA] class, N-terminal brain natriuretic pep-
tides [NT-proBNP]) at baseline and 18 months (N=382) and effects on hospitalization-free survival and mortality.
Results – SCI (i.e. AMT-score ≤7) was present in 9.2% of patients at baseline, but only 20% of them had a diagnosis 
of dementia. Prevalence of SCI remained stable during follow-up. SCI was present at baseline more often in NYHA 
IV patients compared to NYHA II (OR=2.94; 95%-CI=1.15-7.51, p=.025), but it was not related to NT-proBNP lev-
els. SCI was related to higher mortality (HR=1.53, 95%-CI=1.02-2.30, p=.04), but not hospitalization-free survival. 
Changes in HF severity were not significantly related with changes in cognitive function.
Conclusion – SCI is a frequent, but often unrecognized finding in HF patients, but the influence of HF severity and 
its changes on cognitive function were less than hypothesized. 
Clinical Trial Registration Information – http://www.controlled-trials.com/ISRCTN43596477
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Introduction
Cognitive impairment is a problem with thought processes including loss of higher reason-
ing, forgetfulness and concentration difficulties. In patients with heart failure (HF), cogni-
tive impairment may have significant influence on outcome, since they have to adequately 
manage medication and diet, as well as to be alert on symptoms1. Evidence regarding high 
prevalence of cognitive impairment in HF is increasing2 as up to 50% may have some degree 
of cognitive impairment1. The exact mechanism of cognitive deficits associated with HF 
is, however, still unclear. Longitudinal studies on cognitive impairment in HF patients are 
sparse1 and whether changes in cognitive impairment occur when HF severity changes is 
largely unknown3. 
So far, only seven longitudinal studies were published regarding cognitive function in HF 
patients4-10. Screening tests as well as neuropsychological batteries were used and time inter-
vals ranged from 18 weeks to 10 years. Some found improved or stable cognitive function5, 
others a decline of episodic memory9. Studies often did not investigate specific predictive 
factors for a change in cognition. Only receipt of an ACE inhibitor and exercise training were 
associated with improved cognition, and the effect of blood pressure was unclear. In order to 
investigate predictive factors for cognitive change, it seems plausible to study changes in HF 
severity in relation to changes in cognitive function. 
Severity of HF can be measured in several objective and subjective ways. Some of these 
include New York Heart Association (NYHA) class, left ventricular ejection fraction (LVEF) 
and natriuretic peptide plasma concentrations. It was recently found that in an older HF popu-
lation more than 70% presented with cognitive impairment11. However, 66% of the patients 
with cognitive impairment were classified in NYHA class III or IV, whereas most HF patients 
(83%) with normal scores were classified in NYHA class I or II. The authors concluded 
that the presence of cognitive impairment was significantly more common in patients with 
advanced HF symptoms or a recent hospitalization11. In a non-demented population-based 
study B-type natriuretic peptide (BNP) levels were higher in patients with lower cognitive 
scores12. Those authors concluded that worse cognitive function can already be observed in 
early stages of HF and that BNP may be a marker indicating a high risk for cognitive decline.  
Others observed an association of BNP levels with decline in cognition after 5 years in non-
demented elderly patients and higher incidence of new onset dementia at follow-up13. How-
ever, BNP levels were only elevated in patients with vascular dementia, but not in patients 
with Alzheimer’s disease14, suggesting that higher BNP levels may be explained by the larger 
cardiovascular burden in the former patients. Recently, a strong and independent relationship 
between higher N-terminal-proBNP (NT-proBNP) levels and worse cognitive function was 
found in an older community-dwelling population15. The association between NT-proBNP 
and cognitive function has, however, never beenstudied in HF patients. 
Additionally, it is unclear whether treatments to improve cardiac function also translate into 
improved cognitive function. In end-stage HF such an association was suggested since cog-
nitive function improved16 and cerebral blood flow increased17 after heart transplantation, 
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supposedly due to improved cardiac function. An association was found between improved 
left ventricular ejection fraction (LVEF) and enhanced cognitive function after cardiac re-
synchronization therapy18, but no data are available on changes in HF severity and cognitive 
function. Moreover, effects of medication on cognition are unclear. 
Therefore, we assessed the prevalence of severe cognitive impairment (SCI) in elderly pa-
tients with HF, its correlates with HF severity as measured by signs and symptoms of HF, 
LVEF, and NT-proBNP levels as well as its effect on morbidity and mortality. In addition we 
evaluated whether changes in HF severity would result in changes of cognitive function. We 
hypothesized that cognitive impairment would increase with increasing HF severity and that 
the risk for hospitalization and death would be higher in patients with cognitive impairment. 

Methods
Patients
Patients included in the Trial of Intensified versus standard Medical therapy in Elderly pa-
tients with Congestive Heart Failure (TIME-CHF), a large prospective randomized con-
trolled multicentre trial, formed the study population. Study design, methods19 and primary 
results20 were reported previously. In brief, TIME-CHF included HF patients aged 60 years 
or more who suffered from dyspnoea (NYHA class II or higher). Patients had to be hospital-
ized for HF within the last year and to have an NT-proBNP level of ≥400 pg/mL (patients 
<75 years) or ≥800 pg/mL (patients ≥75 years), respectively. Exclusion criteria were as fol-
lows: dyspnoea not mainly due to HF, valvular disease requiring surgery, acute coronary 
syndromes within the previous 10 days, angina pectoris (Canadian Cardiovascular Society 
Class ≥II), revascularization within the previous month, body mass index >35 kg/m2, serum 
creatinine level >220 µmol/L, life expectancy of less than 3 years for non-cardiovascular 
diseases, unable to give informed consent, no follow-up possible, or participating in another 
study. Still, the patients did not differ on average from those included in large registries21, 22. 
Patients were included between 2003 and 2006 and underwent three assessments of cogni-
tive function at baseline and after 12 and 18 months, respectively. For comparison over time, 
only those patients who completed all three assessments of cognitive function were included 
in analyses. All patients gave written informed consent for study participation. The protocol 
was approved by the local Ethics Committees. 

Assessment of cognitive function
Cognitive function was assessed with the Hodkinson Abbreviated Mental Test (AMT)23 by 
the co-investigators of each centre during regular visits. The AMT includes 10 items: What 
is your present age? What year is it? Please count backwards from 20 to 1? What is the time 
just now? What is your birthday? Could you repeat the address I gave you at the beginning? 
When did World War I begin? What is the name of this place? What is the name of the presi-
dent? Can you recognize these… people (pictures of two famous people)?  For each correct 
answer 1 point was scored. Total scores ranged from 0 (no correct answers) to 10 (all answers 
correct). Sensitivity and specificity analyses for the screening of dementia had previously 
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revealed that a cut-off score of ≤7 maximizes the efficacy of the test (91.5% and 82.4% 
respectively)24 and thus, this cut-off was used in this study to define SCI. Cognitive decline 
was defined as a deterioration of at least 1 point between the measurements at baseline and 
follow-up25. 

Assessment of heart failure 
Severity of HF was classified based on symptoms (dyspnoea, orthopnoea, and peripheral 
oedema as symptoms of congestion and fatigue and exercise intolerance as symptoms of 
low output) and signs of HF (peripheral oedema, central venous pressure, rales) as well as 
NT-proBNP level measurements (Roche Elecsys 2010). Transthoracic echocardiography was 
performed to classify patients into those with reduced (i.e. LVEF<45%) and preserved (i.e. 
LVEF≥45%) LVEF using standard equipment and techniques. Electrocardiography was per-
formed to classify patients into those with or without atrial fibrillation. Influence of cognitive 
state on outcome was tested. Outcome was defined as all-cause mortality, HF hospitalization 
free survival and all-cause hospitalization free survival.  

Statistical analyses
We used PASW Statistics 18 software. Differences between groups (table 1, 2 and 3) were 
analyzed with independent T-test, Mann-Whitney U-Test and Pearson Chi-square, as ap-
propriate. We used logistic regression analyses to test associations between HF severity and 
the presence of SCI, adjusted for age. Correlations were analyzed using Spearman’s correla-
tion. Since NT-proBNP levels were not normally distributed, we used a log-transformation 
for its use in logistic regression analyses. To assess associations between physical condition 
and SCI, we used ordinal cross-tabulation (Goodman- Kruskal Gamma). Survival analyses 
were done using Kaplan-Meier and Cox proportional hazards regression analyses. We did 
not apply imputation for missing data. A p-value of <0.05 (two-sided) was considered to be 
statistically significant.

Results
We included 611 patients with baseline cognitive assessment (figure 1). In 56 (9.2%) patients, 
SCI was present at baseline. Only half answered all questions correctly (N=300, 49.1%), 180 
(29.5%) answered one question wrongly and 75 (12.3%) two. Baseline characteristics of pa-
tients with and without SCI are compared in table 1. Patients with SCI at baseline were older, 
more often female, more often had anaemia, and had a higher heart rate (table 1). SCI was 
more common in patients with class IV compared to those in class II (OR=2.94; 95% CI= 
1.15 to 7.51, p=.025), independently of age. SCI in class III patients did not differ significant-
ly from those in class II (OR=1.81; 95% CI=.82 to 4.00, p=.140). Neither fatigue nor exercise 
intolerance, as symptoms of low cardiac output, was associated with SCI at baseline (Γ=.058 
and Γ=.-.027, both p>.50). SCI tended to be more prevalent in patients with preserved LVEF 
than with reduced LVEF. At baseline, 8.1% of patients with reduced LVEF suffered from SCI 
compared to 13.3% of those with preserved LVEF (p=.078). Patients with AF showed a 
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Table 1. Baseline characteristics for patients with baseline cognitive assessment.

All Severe cognitive 
impairment 
(AMT ≤7)

No severe cogni-
tive impairment 
(AMT>7)

p

Patients, n 611 56 555

Age, years 77±8 79±7 77±8 .029

Male gender 365 (59.7) 21 (37.5) 344 (62.0) <.001

BMI, kg/m2 25.6±4.4 24.7±4.8 25.7±4.4 .117

Main diagnosis CAD 324 (53.0) 27 (48.2) 297 (53.3) .450

LVEF 34.9±13.0 37.6±15.3 34.7±12.7 .163

Preserved LVEF 120 (19.6) 16 (28.6) 104 (18.7) .078

Atrial fibrillation* 204 (33.6) 20 (35.7) 184 (33.4) .726

Diabetes 215 (35.2) 23 (41.1) 192 (34.6) .333

Dementia 27 (4.4) 11 (19.6) 16 (2.9) <.001

Depression 79 (12.9) 8 (14.3) 71 (12.8) .751

Anaemia 171 (28.0) 23 (41.1) 148 (26.7) .022

Renal failure 349 (57.1) 32 (57.1) 317 (57.1) .997

COPD 121 (19.8) 11 (19.6) 110 (19.8) .975

Charlsson score 3 (2-4) 3 (2-4) 3 (2-4) .955

Edema 253 (41.6) 26 (46.4) 227 (41.1) .443

Rales 275 (45.0) 25 (44.6) 250 (45.0) .954

Exercise intolerance 558 (92.2) 51 (91.1) 507 (92.3) .734

Fatigue 526 (86.1) 49 (87.5) 477 (85.9) .749

History of stroke 51 (8.3) 7 (12.5) 44 (7.9) .238

NYHA class II 147 (24.1) 8 (14.3) 139 (25.0) .071

NYHA class III 381 (62.4) 36 (64.3) 345 (62.2)

NYHA class IV 83 (13.6) 12 (21.4) 71 (12.8)

SBP, mmHg 122±20 124±20 122±20 .337

DBP, mmHg 72±12 72±12 72±12 .686

Heart rate, bpm 75±14 79±14 75±14 .032

NT-proBNP, ng/L 3749 (1905-6871) 3613 (1774-7926) 3800 (1919-6805) .789

NT-proBNP-guided 303 (49.6) 34 (60.7) 269 (48.5) .081
Data are given as number and percentages, mean± standard deviation, or median (interquartile range) as appropri-
ate. BMI= Body Mass Index; CAD= Coronary Artery Disease; LVEF= Left Ventricular Ejection Fraction; COPD= 
Chronic Obstructive Pulmonary Disease; NYHA= New York Heart Association; SBP= Systolic Blood Pressure; 
DBP= Diastolic Blood Pressure; NT-proBNP= N-Terminal pro-B-type natriuretic peptide. *Data are missing for 4 
participants.

similar rate of SCI (9.8%) to those without AF (8.9%, p=.726). Although NT-proBNP levels 
increased significantly with increasing NYHA class (p<.001), NT-proBNP was not associ-
ated with SCI (p=.724). 
The relationship between SCI and the outcome measures is depicted in figure 2. SCI at base-
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line had no influence on survival free of any hospitalizations or survival free of HF hospitali-
zations. However, overall survival was significantly worse in patients with SCI at baseline 
compared to those without. 

Figure 1. Flow of participants at baseline and follow-up cognitive assessments. SCI = severe cognitive impairment

Changes of cognition and CHF severity over time
Cognitive assessment at 12 months was completed by 429 patients and at 18 months by 382 
patients. The prevalence of SCI remained stable over time (figure 3). However, 36 patients 
of those who were severely cognitively impaired at baseline (64%) were not available for the 
cognitive assessment at 18 months (14 died, 15 withdraw informed consent and 7 were not 
able to perform the test). The cumulative incidence of SCI was 13.5% at month 12 (i.e. 83 
patients had SCI at least at one assessment) and 15.6% (N=96) had SCI at least at one visit. 
Patients included in the 18 month assessment differed significantly from those who dropped 
out regarding age, NT-proBNP and haemoglobin levels, as well as HF aetiology and NYHA 
class and the presence of diabetes and anaemia (table 2). 

Total sample TIME-CHF (N=622)

Patients without baseline cognitive 
assessment (N=11, 1.8%)

Drop-out (N=182, 29.8%)
SCI at baseline (N=28, 15.4%)

Drop-out (N=47, 11.0%)
SCI at 12 months (N=7, 14.9%)

Patients with baseline cognitive 
assessment (N=611)
SCI (N=56, 9.2%)

Patients with 12 months cognitive 
follow-up (N=429)
SCI (N=36, 8.4%)

Patients with 18 months cognitive 
follow-up (N=382)
SCI (N=35, 9.2%)
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Table 2. Baseline characteristics of patients included in the 18 month follow-up and those who dropped out.

Included in 18 months 
follow-up

Dropped-out at 18 
months

p

Patients, n 382 229

Age, years 76±8 78±7 .005

Male gender 234 (61.3) 131 (57.2) .323

BMI, kg/m2 25.7±4.2 25.5±4.7 .551

Main diagnosis CAD 176 (46.1) 148 (64.6) <.001

LVEF 34.4±12.6 35.9±13.5 .170

Preserved LVEF 67 (17.5) 53 (23.1) .091

Atrial fibrillation* 125 (33.0) 79 (34.6) .674

Diabetes 123 (32.2) 92 (40.2) .046

Dementia 13 (3.4) 14 (6.1) .115

Depression 53 (13.9) 26 (11.4) .369

Anaemia 94 (24.6) 77 (33.6) .016

History of stroke 30 (7.9) 21 (9.2) .569

NYHA class II 107 (28.0) 40 (17.5) .003

NYHA class III 233 (61.0) 148 (64.6)

NYHA class IV 42 (11.0) 41 (17.9)

SBP, mmHg 122±20 122±21 .973

DBP, mmHg 72±12 71±12 .275

Heart rate, bpm 75±14 75±14 .956

NT-proBNP, ng/L 3349 (1773-6051) 4844 (2207-8928) .003

NT-proBNP-guided 195 (51.0) 108 (47.2) .352
Data are given as number and percentages, mean± standard deviation, or median (interquartile range) as appropri-
ate. BMI= Body Mass Index; CAD= Coronary Artery Disease; LVEF = Left Ventricular Ejection Fraction; NYHA 
= New York Heart Association; SBP= Systolic Blood Pressure; DBP = Diastolic Blood Pressure; NT-proBNP= 
N-Terminal pro B-type natriuretic peptide. *Data are missing for 4 participants.

A decline of ≥1 point on the AMT between baseline and 18 months occurred in 86 patients 
(22.5%) whereas 23.8% showed improvement of ≥1 point. Differences between patients with 
cognitive decline and those with cognitive improvement are shown in table 3. Patients with 
cognitive decline were older, more often had preserved LVEF and more often suffered from 
diabetes than those with cognitive improvement. 
Patients in NYHA class IV at baseline showed a decline of ≥1 point in 23.8%, which was 
comparable to patients in class NYHA III (23.2%) and II (20.6%; p=.592). NYHA class at 
baseline was not associated with a decline by ≥1 point in logistic regression analyses either. 
Regarding changes in fatigue and exercise intolerance from baseline to 18 months, we found 
no significant correlations between directions of change in fatigue (Γ=.039, p=.607) and 
exercise intolerance (Γ=.069, p=.352) with changes in cognitive function. The same was true 
regarding the correlation between changes in NT-proBNP levels and changes in cognition 
(p=.225).
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Table 3. Characteristics of patients with cognitive decline and cognitive improvement between baseline and 
18-month follow-up. 

Decline of cognitive func-
tion

Improvement of cognitive 
function 

p

Patients, n 86 (22.5) 91 (23.8)

Age, years 79±8 76±8 .005

Male gender 50 (58.1) 61 (67.0)  .221

LVEF 36.2±13.4 33.1±12.5 .114

Preserved LVEF 21 (24.4) 10 (11.0) .019

Atrial fibrillation* 38 (44.2) 29 (32.6) .114

Diabetes 33 (38.4) 20 (22.0) .017

Depression 13 (15.1) 15 (16.5) .803

History of stroke 7 (8.1) 10 (11.0) .520

COPD 19 (22.1) 25 (27.5) .408

Renal failure 48 (55.8) 41 (45.1) .152

Charlsson score 3 (2-4) 2 (1-4) .124

NYHA class II 22 (25.6) 20 (22.0) .704

NYHA class III 54 (62.8) 57 (62.6)

NYHA class IV 10 (11.6) 14 (15.4)

SBP, mmHg 123±17 120±17 .301

DBP, mmHg 72±10 73±11 .856

NT-proBNP, ng/L 3994 (1943-7085) 3252 (1608-6214) .608

NT-proBNP-guided 39 (45.3) 53 (58.2) .086
Data are given as number and percentages, mean± standard deviation, or median (interquartile range) as appropri-
ate. Values refer to those measured at baseline. LVEF = Left Ventricular Ejection Fraction; NYHA = New York 
Heart Association; SBP= systolic blood pressure; DBP= diastolic blood pressure; NT-proBNP= N-Terminal pro 
B-type natriuretic peptide. *Data are missing for 2 participants.

Discussion
We found a 10% prevalence of SCI amongst elderly HF patients despite the fact that a num-
ber of exclusion criteria were applied, some of which may have already reduced the propor-
tion of patients with SCI. We found that HF symptoms were related to the presence of SCI, 
but this relationship was less than expected. Furthermore, changes in the severity of HF were 
not related to changes in cognitive function and effects of SCI at baseline on outcomes were 
less than anticipated. 
Previous studies1 found a higher prevalence of cognitive impairment (25-50%) in HF popula-
tions, but they also included milder forms of cognitive impairment than we did. In the present 
study, only half of patients answered all 10 questions of the AMT correctly. In addition to the 
fact that we considered only SCI, there are other potential reasons for the lower prevalence 
of cognitive impairment in the present study compared to previous ones. First, we excluded 
patients unable to give informed consent and those who were too sick to be treated. 
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Figure 2. Kaplan-Meier plots showing hospitalization-free survival and overall survival in patients with and with-
out severe cognitive impairment (SCI). HR indicates hazard ratio; CI , confidence interval.  
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Figure 3. Frequencies of patients with or without severe cognitive impairment (SCI) 

At baseline 56 of 611 (9.2%) patients, at 12 months 36 of 429 (8.4%) patients and at 18 months 35 of 382 (9.2%) 
patients had SCI.

Second, the prevalence of cognitive impairment might have been underestimated, since those 
who performed worst were more likely to drop out. Almost two third of those with SCI at 
baseline were not available for further assessment. Thus, the cumulative incidence of SCI 
was higher (i.e. 16%). Furthermore, the incidence is based on the chosen cut-off of the AMT 
leading to either under or overestimation. Based on earlier studies, the cut-off score of 7 on 
the AMT appeared to have the best trade-off between sensitivity and specificity for the detec-
tion of dementia24, 26, which is comparable to a Mini Mental State Examination (MMSE) of 
23/30. 
Symptoms of HF were only weakly related to SCI including the most objective measure 
of HF severity (i.e. NT-proBNP levels). Recently, individuals with higher BNP levels were 
shown to have lower scores on cognitive tests12. These results, however, were based on a 
general population. Since BNP levels are not only influenced by cardiac function27, non-
cardiac factors including higher age, worse renal function and lower haemoglobin may have 
influenced these findings28. In HF patients in whom NT-proBNP levels are mainly influenced 
by cardiac wall stress, these co-morbidities and age might be of less importance. Thus, our 
data suggest that cardiac function is of lesser importance with respect to SCI in the elderly 
population we studied. 
This may explain the small changes in cognitive function related to changes in HF severity 
as found , while we expected parallel changes over time. Others also did not find a change in 
MMSE related to change in HF after 6 months with either nurse-based or primary health care 
follow-up6. There are different possible explanations for our negative finding. An effect of 
change in HF severity on cognitive function might be counteracted by the effect of increas-
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ing age as patients with declined cognitive function were older than those with improvement. 
Moreover, changes in symptoms do not necessarily indicate changes in cardiac function. 
Therefore, such an effect cannot be excluded and further studies are required to address the 
direct interaction between cardiac and cognitive (dys)function. Recent findings demonstrated 
that impairments in instrumental activities of daily living (consisting of physical as well cog-
nitive requirements) were associated with an increased risk of incident HF29, which suggests 
a possible causal relationship in the other direction. Another explanation is a lack of sensitiv-
ity of these cognitive screening tests, including the one used in this study. Also, recovery of 
cognitive abilities might not be uniform over the whole range of cognitive impairment and, 
accordingly, effects of changed cardiac function may also not be uniform. In addition, co-
morbidities and type of HF may influence improvement or decline as we found significant 
differences in diabetic patients and those with preserved ejection fraction. 
Others30 recently observed a U-shaped relationship between LVEF and accelerated cognitive 
aging. Patients in the lowest and highest quintile LVEF, as compared to the middle ones, 
performed worse on cognitive measures. Such a U-shaped relationship might mask the linear 
relationship we had been looking for. 
The fact that about one fourth of the patients presented with SCI after 18 months is in line 
with the only other longitudinal study5, who also found that after 12 months cognitive per-
formance either remained stable or improved. We were not able, however, to replicate the 
finding that a higher diastolic blood pressure at baseline was specifically associated with this 
improvement5. Possible explanations might be that patients in our study were older and suf-
fered from more severe HF. 
Another main finding is the poor correlation between SCI and outcomes. We hypothesized 
that patients with more SCI would be at higher risk for hospitalization, in particular HF hos-
pitalization, since patients have to adequately manage their medication and diet, as well as 
to be alert on HF symptoms1. This hypothesis had to be rejected. However, we did find that 
patients with SCI had lower overall survival. Although earlier studies31 also found such an 
increase in mortality, we were not able to replicate the near 5-fold increase. This could be 
ascribed to a higher age (M=82) of those with cognitive impairment in that study31, the study 
population being hospitalized, a more stringent cut-off for SCI (AMT≤6), as well as the ab-
sence of exclusion criteria in their registry. 
The strengths of our study are the number of patients included and the very good characteri-
zation of patients. One of the shortcomings of this study is a certain inclusion bias, excluding 
patients who did not understand the informed consent. This may lead to an underestimation 
of the prevalence of SCI in elderly HF patients. Still, we found a prevalence of SCI of around 
10% in our sample, of whom only 20% were diagnosed with dementia. Obviously, there is 
little attention to dementia in clinical routine and our data highlight the fact that it may be 
unrecognized in many patients. Another shortcoming is the attrition by 18 months. Patients 
included in follow-up differed from those who were not available. Together with the fact that 
almost two third of those with SCI at baseline were not available for follow-up assessment, 
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SCI might have been underestimated in our study. A final limitation concerns the selected 
methods of assessment. HF symptoms were measured with a pre-defined semi-quantitative 
scale instead of an established measure. Although cognitive screening tests such as the AMT 
are brief and easy to administer, they lack the power to identify subtle cognitive impairments 
and severity of impairment in the different domains1. Still, Cameron32 recently pleaded for 
the use of screening for global cognitive impairment in patients with chronic HF since it 
helps to identify those patients who would profit from intervention to minimize the effects 
of cognitive impairment. Instead of the AMT, a more sensitive screening test for cognitive 
impairment, such as the Montreal Cognitive Assessment (MOCA)11 is suggested fur future 
studies. As a next step, an elaborate neuropsychological assessment in those with cognitive 
impairment would give insight into specific cognitive (dys)functions in relation to HF. To 
screen for dementia, a higher cut-off value than 7 may be helpful. A cut-off of 8 would in-
crease the proportion requiring further detailed testing to >20%. 
In conclusion, SCI is a frequent, but often not recognized finding in elderly HF patients. 
Patients with more severe HF are at increased risk for SCI, which in turn is associated with 
higher mortality, but these effects were less than expected.  Also, changes in cognitive func-
tion did not relate to changes in cardiac function. Improving the assessment of cognitive 
function might increase our understanding of the relationship with cardiac function. 

 

Proefschrift0712.indd   77 09.12.2013   08:39:14



     
      78            Chapter 5

References

1. Pressler SJ. Cognitive functioning and chronic heart failure: a review of the literature (2002-July 2007). 
J Cardiovasc Nurs 2008;23(3):239-249.
2. Kindermann I, Fischer D, Karbach J, Link A, Walenta K, Barth C, Ukena C, Mahfoud F, Kollner V, 
Kindermann M, Bohm M. Cognitive function in patients with decompensated heart failure: the Cognitive Impair-
ment in Heart Failure (CogImpair-HF) study. Eur J Heart Fail 2012;14(4):404-413.
3. Gaviria M, Pliskin N, Kney A. Cognitive impairment in patients with advanced heart failure and its 
implications on decision-making capacity. Congest Heart Fail 2011;17(4):175-179.
4. Riegel B, Lee CS, Glaser D, Moelter ST. Patterns of Change in Cognitive Function over Six Months in 
Adults with Chronic Heart Failure. Cardiol Res Pract 2012;2012:631075.
5. Stanek KM, Gunstad J, Paul RH, Poppas A, Jefferson AL, Sweet LH, Hoth KF, Haley AP, Forman DE, 
Cohen RA. Longitudinal cognitive performance in older adults with cardiovascular disease: evidence for improve-
ment in heart failure. J Cardiovasc Nurs 2009;24(3):192-197.
6. Karlsson MR, Edner M, Henriksson P, Mejhert M, Persson H, Grut M, Billing E. A nurse-based 
management program in heart failure patients affects females and persons with cognitive dysfunction most. Patient 
Educ Couns 2005;58(2):146-153.
7. Zuccala G, Marzetti E, Cesari M, Lo Monaco MR, Antonica L, Cocchi A, Carbonin P, Bernabei R. 
Correlates of cognitive impairment among patients with heart failure: results of a multicenter survey. Am J Med 
2005;118(5):496-502.
8. Tanne D, Freimark D, Poreh A, Merzeliak O, Bruck B, Schwammenthal Y, Schwammenthal E, Motro 
M, Adler Y. Cognitive functions in severe congestive heart failure before and after an exercise training program. 
Int J Cardiol 2005;103(2):145-149.
9. Hjelm C, Dahl A, Brostrom A, Martensson J, Johansson B, Stromberg A. The influence of heart failure 
on longitudinal changes in cognition among individuals 80 years of age and older. J Clin Nurs 2012;21(7-8):994-
1003.
10. Formiga F, Chivite D, Sole A, Manito N, Ramon JM, Pujol R. Functional outcomes of elderly patients 
after the first hospital admission for decompensated heart failure (HF). A prospective study. Arch Gerontol Geriatr 
2006;43(2):175-185.
11. Harkness K, Demers C, Heckman GA, McKelvie RS. Screening for cognitive deficits using 
the Montreal cognitive assessment tool in outpatients >/=65 years of age with heart failure. Am J Cardiol 
2011;107(8):1203-1207.
12. van den Hurk K, Reijmer YD, van den Berg E, Alssema M, Nijpels G, Kostense PJ, Stehouwer CD, 
Paulus WJ, Kamp O, Dekker JM, Biessels GJ. Heart failure and cognitive function in the general population: the 
Hoorn Study. Eur J Heart Fail 2011;13(12):1362-1369.
13. Kerola T, Nieminen T, Hartikainen S, Sulkava R, Vuolteenaho O, Kettunen R. B-type natriuretic pep-
tide as a predictor of declining cognitive function and dementia--a cohort study of an elderly general population 
with a 5-year follow-up. Ann Med 2010;42(3):207-215.
14. Kondziella D, Gothlin M, Fu M, Zetterberg H, Wallin A. B-type natriuretic peptide plasma levels are 
elevated in subcortical vascular dementia. Neuroreport 2009;20(9):825-827.
15. Daniels LB, Laughlin GA, Kritz-Silverstein D, Clopton P, Chen WC, Maisel AS, Barrett-Connor 
E. Elevated natriuretic peptide levels and cognitive function in community-dwelling older adults. Am J Med 
2011;124(7):670 e671-678.
16. Deshields TL, McDonough EM, Mannen RK, Miller LW. Psychological and cognitive status before and 
after heart transplantation. Gen Hosp Psychiatry 1996;18(6 Suppl):62S-69S.
17. Massaro AR, Dutra AP, Almeida DR, Diniz RV, Malheiros SM. Transcranial Doppler assessment of 
cerebral blood flow: effect of cardiac transplantation. Neurology 2006;66(1):124-126.

Proefschrift0712.indd   78 09.12.2013   08:39:15



  Cognitive impairment in heart failure

     
  79          

18. Hoth KF, Poppas A, Ellison KE, Paul RH, Sokobin A, Cho Y, Cohen RA. Link between change in 
cognition and left ventricular function following cardiac resynchronization therapy. J Cardiopulm Rehabil Prev 
2010;30(6):401-408.
19. Brunner-La Rocca HP, Buser PT, Schindler R, Bernheim A, Rickenbacher P, Pfisterer M. Management 
of elderly patients with congestive heart failure--design of the Trial of Intensified versus standard Medical therapy 
in Elderly patients with Congestive Heart Failure (TIME-CHF). Am Heart J 2006;151(5):949-955.
20. Pfisterer M, Buser P, Rickli H, Gutmann M, Erne P, Rickenbacher P, Vuillomenet A, Jeker U, Dubach P, 
Beer H, Yoon SI, Suter T, Osterhues HH, Schieber MM, Hilti P, Schindler R, Brunner-La Rocca HP. BNP-guided 
vs symptom-guided heart failure therapy: the Trial of Intensified vs Standard Medical Therapy in Elderly Patients 
With Congestive Heart Failure (TIME-CHF) randomized trial. JAMA 2009;301(4):383-392.
21. Curtis LH, Whellan DJ, Hammill BG, Hernandez AF, Anstrom KJ, Shea AM, Schulman KA. Incidence 
and prevalence of heart failure in elderly persons, 1994-2003. Arch Intern Med 2008;168(4):418-424.
22. Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, Harjola VP, Hochadel M, Komajda M, 
Lassus J, Lopez-Sendon JL, Ponikowski P, Tavazzi L, EuroHeart Survey I, Heart Failure Association ESoC. Euro-
Heart Failure Survey II (EHFS II): a survey on hospitalized acute heart failure patients: description of population. 
Eur Heart J 2006;27(22):2725-2736.
23. Hodkinson HM. Evaluation of a mental test score for assessment of mental impairment in the elderly. 
Age Ageing 1972;1(4):233-238.
24. Sarasqueta C, Bergareche A, Arce A, Lopez de Munain A, Poza JJ, De La Puente E, Urtasun M, 
Emparanza JE, Marti Masso JF. The validity of Hodkinson’s Abbreviated Mental Test for dementia screening in 
Guipuzcoa, Spain. Eur J Neurol 2001;8(5):435-440.
25. Pedone C, Ercolani S, Catani M, Maggio D, Ruggiero C, Quartesan R, Senin U, Mecocci P, Cherubini 
A. Elderly patients with cognitive impairment have a high risk for functional decline during hospitalization: The 
GIFA Study. J Gerontol A Biol Sci Med Sci 2005;60(12):1576-1580.
26. Bonaiuto S, Rocca WA, Lippi A, Luciani P, Giannandrea E, Cavarzeran F, Amaducci L. Study on the 
validity of the Hodkinson Abbreviated Mental Test Score (AMTS) in detecting dementia of elderly subjects in ap-
pignano (Macerata province), Italy. Arch Gerontol Geriatr 1992;15 Suppl 1:75-85.
27. Maeder MT, Mueller C, Pfisterer ME, Buser PT, Brunner-La Rocca HP. Use of B-type natriuretic 
peptide outside of the emergency department. Int J Cardiol 2008;127(1):5-16.
28. Cui H, Huo G, Liu L, Fan L, Ye P, Cao J, Bai Y, Wang F, Hu Y. Association of cardiac and renal func-
tion with extreme N-terminal fragment Pro-B-type natriuretic peptide levels in elderly patients. BMC Cardiovasc 
Disord 2012;12:57.
29. Bowling CB, Fonarow GC, Patel K, Zhang Y, Feller MA, Sui X, Blair SN, Alagiakrishnan K, Aban IB, 
Love TE, Allman RM, Ahmed A. Impairment of activities of daily living and incident heart failure in community-
dwelling older adults. Eur J Heart Fail 2012;14(6):581-587.
30. Jefferson AL, Himali JJ, Au R, Seshadri S, Decarli C, O’Donnell CJ, Wolf PA, Manning WJ, Beiser 
AS, Benjamin EJ. Relation of left ventricular ejection fraction to cognitive aging (from the Framingham Heart 
Study). Am J Cardiol 2011;108(9):1346-1351.
31. Zuccala G, Pedone C, Cesari M, Onder G, Pahor M, Marzetti E, Lo Monaco MR, Cocchi A, Carbonin 
P, Bernabei R. The effects of cognitive impairment on mortality among hospitalized patients with heart failure. Am 
J Med 2003;115(2):97-103.
32. Cameron J, Ski CF, Thompson DR. Cognitive impairment in chronic heart failure and the need for 
screening. Am J Cardiol 2011;107(10):1547-1548.

Proefschrift0712.indd   79 09.12.2013   08:39:15



     
      80          

Proefschrift0712.indd   80 09.12.2013   08:39:15



6 Chapter

Proefschrift0712.indd   81 09.12.2013   08:39:25



     
      82            Chapter 6

Abstract
Background - In lacunar stroke patients vitamin B12 deficiency is often found and a relationship with the degree 
of periventricular white matter lesions (pWMLs) is suggested. Given the known relationships between WMLs and 
depression and between depression and fatigue after stroke, we studied both depression and fatigue in lacunar stroke 
patients with and without vitamin B12 deficiency. 
Methods - In 40 first-ever lacunar stroke patients vitamin B12 levels were determined and self-report questionnaires 
for fatigue and depression were completed three months after stroke. 
Results - Lacunar stroke patients with vitamin B12 deficiency (N=13) reported significantly more fatigue (90.7 
versus 59.4; p=.001) and depressive symptoms (6.62 versus 3.89; p<.05) than those without (N=27). In regression 
analyses, vitamin B12 deficiency was significantly and independently associated with the presence of severe fatigue 
and clinically significant depression.
Conclusions - Our preliminary results suggest a relationship between vitamin B12 deficiency and increased levels of 
fatigue and depression in lacunar stroke patients. If these findings could be replicated  in a larger and general stroke 
sample, this would open treatment options and may improve quality of life after stroke. 

Chapter 6

Association of vitamin B12 deficiency with fatigue 
and depression after lacunar stroke

Marjolein Huijts, Annelien Duits, Julie Staals, Robert van Oostenbrugge
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Introduction
Recently,  we found that around 30% of lacunar stroke patients were vitamin B12 deficient1 

while in the normal elderly population this is only 10-15%2. This deficiency was related to 
the degree of periventricular white matter lesions (pWMLs)1. WMLs in turn are known to 
be related to depression3, while post-stroke depressive symptoms have been associated with 
an increased risk of post-stroke fatigue4. Recently, the prevalence of depression in lacunar 
stroke patients was found to be 35%5. The prevalence of fatigue in these patients is 38%6. So 
far, there are no data available on the relationship between vitamin B12 deficiency and either 
depression or fatigue in lacunar stroke patients. In the present study we aimed to compare 
levels of fatigue and depression in first-ever lacunar stroke patients with and without vitamin 
B12 deficiency. 

Methods
Study population 
We consecutively included 40 first-ever lacunar stroke patients presenting at the Neurology 
Department of the Maastricht University Medical Centre between February 2009 and Octo-
ber 2010. Lacunar stroke was defined as an acute stroke syndrome with an ischemic lesion 
on brain MR compatible with the occlusion of a single perforating small artery (subcortical, 
demarcated, and a diameter <20 mm). Patients with severe co-morbidity, either neurologi-
cal or psychiatric, were excluded. Patients were assessed at 3 months after stroke to exclude 
acute phase effects. 

Ethics statement
The study was approved by the Medical Ethical Committee of the Maastricht University 
Medical Centre and all patients signed informed consent.

Assessments
Fatigue was measured by self-report with the Checklist Individual Strength (CIS)7. The ques-
tionnaire contains 20 statements with total scores ranging from 20 to 140. The patient has to 
indicate on a 7-point scale to what extent the statement is applicable for him/her. A score >76 
indicates severe fatigue7.
Symptoms of depression were measured by self-report with the Hospital Anxiety and De-
pression Scale-Depression subscale (HADS-D)8. This subscale consists of 7 items with 4 
possible statements relating to the emotional aspects of depression. Total scores range from 
0 to 21. This subscale does not include physical and cognitive symptoms, including fatigue. 
As such, it is suitable to use in somatic populations. Since suicidal items are lacking, the 
instrument is less appropriate to assess the severity of depression. However, a score >10 is 
considered clinically significant. 
Stroke severity was measured with the National Institutes of Health Stroke Scale (NIHSS)9 

on admission. 
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Vitamin B12 level
Vitamin B12 was measured in serum using a solid-phase time-resolved fluoroimmunoassay.  
Vitamin B12 level <150 pmol/L was considered deficient1, since this is clinically as well 
as scientifically used as a cut-off to decide for vitamin B12 deficiency10. Also, Pieters et al1 
used a cut-off of 2.5% at both ends, which resulted in reference values between 150 and 630 
pmol/L. To further substantiate this lower reference value, they applied the Bhattacharya-
technique and found the lower limit also to be at 150 pmol/L.

Brain MRI
On brain MRI (standard T2-weighted and FLAIR sequences), two experienced neurologists 
(JS and RvO) individually graded pWMLs based on the Fazekas scale11. Extensive white 
matter lesions were defined according to Fazekas classification as T-2 weighted irregular pe-
riventricular hyperintensities extending into the deep white matter. In case of disagreement, 
lesions were ascertained by consensus. 

Statistical analysis
We used PASW Statistics 18 software. Differences between groups were analyzed with 
Mann-Whitney U-tests and Pearson Chi-square. We used logistic regression analyses to test 
associations between the presence of severe fatigue and clinically significant depression, and 
vitamin B12 status, adjusted for the presence of extensive pWMLs. Since depression is found 
to be related to low vitamin B12 levels in the elderly population12, we also adjusted for age. 

Table 1. Demographics and mean scores for lacunar stroke patients with and without vitamin B12 deficiency. 

With vitamin B12 deficiency 
(n=13)

Without vitamin B12 
deficiency (n=27)

p

Age, years (SD) 66.6 (14.0) 68.6 (12.1) .795

Female gender (%) 53.8%  29.6% .138

NIHSS (SD)* 3.00 (2.00) 3.67 (2.50) .506

CIS score (SD) 90.7 (20.0) 59.4 (25.0) .001

Severe fatigue (%) 84.6%  22.2% .000

HADS-D score (SD) 6.6 (4.0)  3.7 (3.5) .019

Clinically significant depres-
sive symptoms

30.8%  7.4% .053

* NIHSS scores were only available for 9 (with vitamin B12 deficiency) and 15 (without deficiency) patients. 

Results
We included 40 lacunar stroke patients with a mean age of 67.9 years (SD=12.6), of which 15 
(38%) females. Mean NIHSS score was 3.42 (SD=2.30). All patients completed the question-
naires. Vitamin B12 deficiency was present in 13 (33%) patients. The mean CIS score was 
69.6 (SD=27.6) and the mean HADS-D score was 4.7 (SD=3.9). Severe fatigue was reported 
by 17 (42.5%) patients and clinically significant depressive symptoms by 6 (15%) patients. 
Table 1 presents the results of the fatigue and depression assessments in patients with and 
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without vitamin B12 deficiency. Patients with vitamin B12 deficiency had significantly high-
er scores of overall fatigue and depressive symptoms. 
Logistic regression analyses revealed that vitamin B12 deficiency was significantly associ-
ated with the presence of severe fatigue (p=.002), independent of age and the presence of 
extensive pWMLs (table 2). 

Table 2. Logistic regression analyses on the presence of severe fatigue 

Model Independent variables β SE OR 95%-CI for OR p

1 B12 deficiency 2.958 .897 19.250 3.316 – 111.747 .001

2 B12 deficiency 3.043 .971 20.976 3.130 – 140.549 .002

Age -.039 .037 .961 .895 – 1.033 .280

Severe pWMLs -.038 1.017 .963 .131 – 7.068 .970
Model 1: univariate analysis. Model 2: multivariate analysis with adjustments for age and presence of severe 
pWMLs 

Discussion
The results showed vitamin B12 deficiency in 33% of our sample of lacunar stroke patients. 
Those with deficiency reported more fatigue and depressive symptoms than those without. 
In addition, vitamin B12 deficiency was found to be associated with fatigue and depressive 
symptoms independent of age and the presence of pWMLs. 
Depression and fatigue are known to be strongly correlated13. Besides, fatigue is a common 
symptom of depression. To increase the construct validity, we used the HADS-D scale for 
measuring depressive symptoms. This scale does not contain somatic items including fa-
tigue, and as such we reduced the overlap between the assessments of depression and fatigue. 
Limitation of this study however is the cross-sectional design, which makes it impossible to 
infer causality. To make causal inferences from the relationships found, we need longitudinal 
studies but preferably a randomized design.
Although we found a relationship between vitamin B12 deficiency and pWMLs in earlier 
work1, WMLs did not affect the relationship between vitamin B12 deficiency and either fa-
tigue or depressive symptoms. In this study we did not intend to examine the direct relation-
ships between pWMLs and both fatigue and depression on the other hand. Larger samples 
are needed to study all interrelationships. So far, the present results, though preliminary, do 
not suggest a mediating role for WMLs in explaining the relationship between vitamin B12 
deficiency and both fatigue and depression. Vitamin B12-induced anemia, on the other hand, 
could be a mediating factor, since this may induce fatigue. However, based on a retrospective 
search on hemoglobin-values, there was only one patient with values below threshold. 
Although not significant in our sample, prevalence rates of vitamin B12 deficiency in general 
populations are higher for women than for men2. It was suggested that this difference was 
related to hormone replacement therapy, but this appeared not to be a significant contributor 
to low vitamin B12 status14. 
Data about stroke severity (NIHSS) were not available for all patients. Although we cannot 
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exclude that stroke severity influences the degree of fatigue and depression, we do not expect 
a major effect as, in general, lacunar stroke patients present with relatively mild neurological 
deficits. 
Given the small sample size and cross-sectional design, our findings are statistically only 
preliminary. However, since vitamin B12 deficiency is easily treatable by supplementation, 
the results are clinically relevant making further research worthwhile. Both depression and 
fatigue may have a negative impact on rehabilitation and quality of life after stroke15. If these 
findings could be replicated  in a larger and general stroke sample, this would open treatment 
options and may improve quality of life after stroke. Therefore, we suggest further research 
in these populations as well as in elderly people with vitamin B12 deficiency. We also sug-
gest adding functional assessments of vitamin B12 deficiency such as homocysteine and 
methylmalonic acid measurements. To infer causality, intervention studies with vitamin B12 
supplementation are warranted. 
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Abstract
Background – Around 30% of lacunar stroke patients are vitamin B12 deficient. Vitamin B12 deficiency is related 
to decreased cognitive functioning and post-stroke fatigue and depression. Since vitamin B12 deficiency is easily 
treatable with supplementation, possible effects on cognitive function and post-stroke fatigue and depression may 
have significant effects on quality of life after lacunar stroke. 
Methods – 14 first-ever lacunar stroke patients with vitamin B12 deficiency received vitamin B12 supplementation 
for at least 3 months. Before and after supplementation cognitive function was assessed and self-report question-
naires for fatigue and depression were completed. Besides paired T-tests, we also calculated reliable change indices 
in order to examine whether changes in cognitive tests were of any clinical significance for the patients.
Results – Significant differences between baseline assessment and follow-up were only found for RAVLT total 
immediate recall scores (p=.008). Although fatigue and depressive symptoms decreased, this did not reach signifi-
cance. In line with the group analyses we only found a consistent improvement in the total recall of the RAVLT. Six 
out of 14 patients (43%) showed clinically significant improvement.
Discussion – We found a significant improvement in verbal learning, both on a group as well as on individual level. 
Despite the limitations of the present work, the results justify future multi-centre randomized controlled trials to 
study the effect of vitamin B12 supplementation on cognition, depression and fatigue. 

Chapter 7

Effects of vitamin B12 supplementation on 
cognition, depression and fatigue in patients with 
lacunar stroke

Marjolein Huijts, Robert van Oostenbrugge, Rob Rouhl, Paul Menheere, An-
nelien Duits
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Introduction
Around 30% of lacunar stroke patients are vitamin B12 deficient. This deficiency is related 
to the degree of periventricular white matter lesions (pWMLs)1. Vitamin B12 deficiency was 
also found to be related to decreased cognitive functioning2, 3 and post-stroke fatigue and 
depression4. Since vitamin B12 deficiency is easily treatable with supplementation, possible 
effects on cognitive function and post-stroke fatigue and depression may have significant ef-
fects on quality of life after lacunar stroke. 
A systematic review of randomized trials on the effect of vitamin B12 supplementation con-
cluded that there is not enough evidence for an effect of vitamin B12 on cognitive function 
in people with either normal or impaired cognitive function5. A meta-analysis on randomized 
double-blind clinical trials in which vitamin B12 was compared with placebo, also revealed 
no effect of vitamin B12 supplementation on cognition in patients with a low vitamin B12 
status6. However, this was only based on three studies with low power and different measures 
for vitamin B12. A recent review by Moore et al7 concluded that vitamin B12 supplementa-
tion was effective in correcting biochemical deficiency, but improved cognitive function was 
only found in those with pre-existing vitamin B12 levels below 150 pmol/L. The authors 
identified four intervention studies in neurological patients presenting with vitamin B12 de-
ficiency. Although vitamin B12 is specifically associated with cerebrovascular pathology8, 
none of these studies included patients with cerebrovascular pathology in particular. Addi-
tionally, the studies did not select for patients who were vitamin B12 deficient and cognition 
was assessed with the Mini Mental State Examination (MMSE) only.
Although we recently demonstrated that post-stroke fatigue and depression are very com-
mon amongst lacunar stroke patients with a vitamin B12 deficiency4, effects of vitamin B12 
supplementation on fatigue and depressive symptoms however, have not been studied before 
in this population. Therefore, the aim of this pilot study was to study the effect of vitamin 
B12 supplementation on cognition and both depression and fatigue in patients with lacunar 
stroke.  

Methods
Study population 
We consecutively included 18 first-ever lacunar stroke patients with a vitamin B12 defi-
ciency and white matter lesions presenting at the Neurology Department between August 
2008 and January 2011. Lacunar stroke was defined as an acute stroke syndrome with a 
small (<20mm) ischemic lesion on acute brain MR in the brain stem, basal ganglia or internal 
capsule, compatible with the occlusion of a single perforating small artery. Exclusion crite-
ria were previous brain infarction, severe comorbidity (either neurological or psychiatric), 
limited life expectancy and/or a history of inflammatory disease. The study was approved by 
the local Medical Ethical Committee and all patients signed informed consent. Patients were 
assessed at >3 months after stroke to exclude acute phase effects. 
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Neuropsychological assessment
Cognitive function was assessed by 1 trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)9, Stroop Col-
our Word Test (SCWT)10, Trailmaking Test A and B (TMT)11, category and letter fluency12, 13, 
and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)14, Symbol 
Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, interfer-
ence scores were computed. Interference score SCWT= time on card 3 – Mean (card 1 + card 
2). Interference score TMT= time card B – time card A. The Hospital Anxiety and Depression 
Scale (HADS)15 and the Checklist Individual Strength (CIS)16 were used to assess depres-
sion and fatigue. All assessments were repeated after vitamin B12 supplementation had been 
terminated (with a minimum of 3 months). At follow-up, we did not repeat the DART, and 
parallel versions of the RAVLT and letter fluency were used.

Vitamin B12 and folate levels
In order to find potential candidates for this study, vitamin B12 levels were first determined 
between admission and maximum 12 weeks post-stroke. A vitamin B12 level <150 pmol/L 
was considered deficient1, based on a clinically as well as scientifically used cut-off17. How-
ever, since vitamin B12 levels may vary minimally through time, patients with levels <200 
pmol/L were also potential candidates for this study. Vitamin B12 was measured in serum 
using a solid-phase time-resolved fluoroimmunoassay. Folate was measured in serum and 
levels <10nmol/L were considered a subclinical deficiency18. When included, levels of vi-
tamin B12 and folate were determined again for study purposes at baseline and follow-up. 
Supplementation (1 mg hydroxocobalamine) was administered for at least 3 months by their 
general practitioner.

Statistical analysis
We used PASW Statistics 18 software. We used paired T-tests to determine within-subject 
differences pre-and post supplementation. We also used linear regression analyses to test as-
sociations between differences in vitamin B12 level and differences in cognitive performance 
and subjective depression and fatigue, adjusted for age. 
In addition, we calculated reliable change indices (RCI) in order to examine whether changes 
in cognitive tests were of any clinical significance for the patients. By taking into account the 
reliability of the test, the reliable change indices statistical analysis determines whether the 
test score of an individual has changed significantly between the two time points (e.g. pre-to 
post supplementation). Reliable change indices therefore measure whether the change in a 
test score falls beyond the range that could be attributed to measurement variability of the 
test itself19. Standard deviations of pre-supplementation assessments and test-retest reliabil-
ity coefficients from the test manuals were used to calculate the respective reliable change 
indices. 
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Results
Eighteen patients were included at baseline (table 1). Four patients were not available for 
follow-up assessment. Patients without follow-up assessment did not differ from those with 
follow-up concerning age, sex  or vitamin B12 level at admission (all p>.05). Means, stand-
ard deviations and significance levels are shown in table 2. 

Table 1. Baseline characteristics

All patients (n=18)

Age, years (SD) 63.50 ± 12.54

Male gender (%) 11 (61.1%)

Time since stroke, weeks (SD) 14.39 ± 6.52

BMI, kg/m2 (SD) 26.15 ± 4.96

Smoking (%) 33.3%

Hypertensive (%) 10 (55.6%)

Diabetes (%) 2 (11.1%)

Hypercholesterolemia (%) 15 (83.3%)

Affected side left (%) 10 (55.6%)

Positive family history cardiovascular disease (%) 6 (33.3%)
Numbers represent frequencies, except where reported otherwise. 

Table 2. Mean scores on neuropsychological tests at baseline and follow-up 

Baseline Follow-up p

RAVLT Total recall 36.14 42.71 .008

Delayed recall 7.50 7.93 .648

Recognition (RP) 12.92 13.21 .618

Stroop test, sec Card 1 56.36 58.14 .152

Card 2 67.93 69.07 .605

Card 3 134.50 131.57 .704

Interference 72.36 67.96 .545

Trail making test, sec Card A 42.00 37.07 .111

Card B 107.14 108.29 .852

Interference 65.14 71.21 .391

WCST Perseverative errors 14.00 15.50 .461

Category fluency, number Animals 18.86 17.79 .324

Professions 12.14 12.57 .568

Letter fluency, number Total 26.93 27.50 .715

Symbol substitution Total 51.86 52.43 .651

Digit span Forward 8.07 8.00 .836

Backward 5.64 6.14 .110

Letter number sequencing Total 9.57 9.00 .302
Numbers represent the total amount of right answers, unless where reported otherwise. RAVLT= Rey Auditory 
Verbal Learning Test; WCST= Wisconsin Card Sorting Task; RP= right positive
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Significant differences between baseline assessment and follow-up were only found for 
RAVLT total immediate recall scores (p=.008). 
Although fatigue and depressive symptoms decreased, this did not reach significance (table 
3). 

Table 3. Mean scores on psychological questionnaires 

Baseline Follow-up p

HADS Anxiety 8.14 7.36 .295

Depression 6.64 5.21 .119

CIS Total 85.43 79.79 .175

Fatigue 37.86 34.50 .190

Concentration 18.71 19.14 .837

Motivation 15.64 14.71 .436

Activity 13.21 11.43 .182
HADS = Hospital Anxiety and Depression Scale; CIS = Checklist Individual Strength

Reliable Change Index
In line with the group analyses we only found a consistent improvement in the total recall of 
the RAVLT. Six out of 14 patients (43%) showed clinically significant improvement. Overall, 
these individuals were younger (M=56.0 vs M=65.5 years) and higher educated than those 
who remained stable (n=6) or declined (n=2), though not significant (p=.189 and p=.068 
respectively). 

Discussion
We studied the effect of vitamin B12 supplementation on cognition, fatigue and depressive 
symptoms in a group of patients with lacunar stroke and vitamin B12 deficiency. As far as we 
know this is the first study to describe the effects of vitamin B12 supplementation in patients 
with lacunar stroke and vitamin B12 deficiency. Although the power of our study is low and 
the results are only preliminary, we found a significant improvement in verbal learning, both 
on a group as well as on individual level. Overall, individuals showing improvement were 
younger and higher educated than those who remained stable or declined. Although in a 
different population, the observed memory improvement is in line with a previous study on 
vitamin B12 supplementation by Walker20. They found an improvement of cognitive function 
after 24 months folic acid and vitamin B12 supplementation, in particular in immediate and 
delayed memory performance.  
No effect was found for vitamin B12 supplementation on fatigue and depressive symptoms. 
Although mean scores on depression and fatigue questionnaires were lower at follow-up, this 
did not reach significance. This is most probably due to the small sample size. 
Besides the small power there might be other factors which could have influenced the ab-
sence of a clear improvement. First, the question is whether the duration and doses of sup-
plementation were sufficient or whether other administration routes should have been used. 
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However, all but one patient were not deficient after supplementation, with 6 out of 14 pa-
tients with levels over 1000 pmol/L. The one patient that was still deficient was diabetic and 
under treatment of metformin, which is known to impair absorption of vitamin B1218. Some 
suggest that other indicators of vitamin B12, such as homocysteine or methylmalonic acid 
should also have been used. The sensitivity of vitamin B12 is good, but specificity is lacking. 
Additional measures of methylmalonic acid might have increased the predictive value, but 
have not been evaluated afterwards or retrospectively. The disadvantage of homocysteine is 
that levels can be increased independently of vitamin B12 status21. Another methodological 
issue is the absence of a placebo and/or control group. In order to draw conclusions on causa-
tive relationships longitudinal follow-up studies with placebo-control groups are necessary. 
A complicating factor could be that vitamin B12 intervention only commenced after the onset 
of irreversible cognitive changes22. In a meta-analysis by Clarfield23, only 0.6% of all demen-
tias partially or fully resolved. A final limitation is the impossibility to measure the period of 
exposure to vitamin B12 deficiency. Long exposure may cause neurological complications 
which may not simply be reversed by starting vitamin B12 replacement therapy22. A study by 
Martin et al24 showed that vitamin B12 supplementation was significantly more beneficial for 
patients with cognitive impairments present for less than one year. 
To provide future studies with a guideline for a minimal number of patients for a randomized 
controlled trial (RCT), we performed sample size estimations25 based on our database. Ex-
pected differences between treatment and control group were set at 25%. Taking into account 
a drop-out rate of 20%, we estimated the minimal sample size to test a difference in memory 
function after supplementation to be 1008 (504 per treatment arm). In order to detect a dif-
ference in fatigue and depression, 4388 and 2178 patients are needed respectively. Assuming 
that 33% of lacunar stroke patients are vitamin B12 deficient4, 3024, 13164 and 6534 lacunar 
stroke patients respectively,  will have to be screened in order to include these numbers. Con-
sidering these large sample sizes, future studies need a multi-centre setting. 
In conclusion, despite the limitations of the present work, the results justify future multi-
centre randomized controlled trials to study the effect of vitamin B12 supplementation on 
cognition, depression and fatigue. 
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Abstract
Background – Brain microbleeds (BMBs) are considered to be a marker for cerebral small vessel disease (cSVD). 
Evidence for an independent association with decreased cognitive performance is found by some, but not by oth-
ers, and studies in patients at risk for or with manifest cSVD are sparse. The aim of this study was to assess the 
relationship between cognition and BMBs in terms of presence, number and location, while adjusting for WMLs 
and lacunar infarcts. 
Methods – number and location, while adjusting for WMLs and lacunar infarcts. 
Methods – We included 188 patients with a high prevalence of cSVD (112 hypertensive patients and 76 first-ever 
lacunar stroke patients). Patients underwent brain MRI and neuropsychological assessment. We rated the presence 
and number of BMB and distinguished deep, lobar and infratentorial BMBs. The presence of other markers of cSVD 
such as (silent) lacunar infarcts and white matter lesions was also rated. Associations with cognitive domains were 
analyzed using regression analyses, adjusting for these other imaging markers of cSVD and age.
Results – BMBs were present in 21% of our sample. Patients with BMBs significantly more often presented with 
the other markers of cSVD. The presence of BMBs was not associated with any of the cognitive domains after cor-
rection for the other markers of cSVD and age. 
Discussion – BMBs are highly prevalent in a population with cSVD and co-occur with other markers of cSVD. 
Instead of an independent relationship, BMBs most likely are a marker of cSVD severity, without having a direct 
effect on cognitive function in this population. 
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Introduction
Cognitive impairment caused by vascular disease is frequently found and vascular dementia 
is the second most common form of dementia1. White matter lesions (WMLs) and lacunar 
infarcts, both markers of cerebral small vessel disease (cSVD), appear to be the most com-
mon forms of cerebrovascular damage, and a frequent cause of cognitive impairment. More 
recently, brain microbleeds (BMBs) have also been recognized as a marker of cSVD2, but 
their relationship with cognition is less evident. 
Whereas the lobar located BMBs have been suggested to be attributable to cerebral amyloid 
angiopathy3, BMBs in the basal ganglia and thalamus have been specifically linked to hyper-
tensive  small vessel vasculopathy2, 4, 5. 
Associations between BMBs and cognitive function have been found in healthy elderly pop-
ulations6-9, stroke or TIA patients10, 11 and patients from memory clinics12, 13. In the healthy 
(elderly) population, BMBs were associated with decreased cognitive performance7, 9 and 
in case of multiple BMBs with a decreased performance on tests of executive function and 
information processing speed7, 8. In a study on patients with WMLs or lacunar infarcts on 
MRI, the presence and number of BMBs were independently related to overall cognitive 
function, psychomotor speed and attention14. In another study on elderly patients with an 
increased vascular risk it was found that specifically infratentorial BMBs were associated 
with cognitive impairment15. Recently, Patel et al16 found that in patients with symptomatic 
cSVD the association between BMB count and executive function was no longer significant 
after controlling for other MRI parameters such as lesion load and lacune count. Only the 
top decile of BMB count remained significantly associated with executive function17. Others 
found that strictly lobar BMBs were associated with executive dysfunction in patients with 
ischemic stroke or TIA18. Whereas evidence for an independent association between BMBs 
and cognitive performance has been found by some6, 11-13, 19, 20, others did not find an associa-
tion16, 21, 22. These differences might be due to the use of different populations such as healthy 
populations and patients from memory clinics. The underlying pathology for BMBs in these 
populations is not homogeneous, and may include BMBs due to the abovementioned two 
types of vascular pathological changes: cerebral amyloid angiopathy and hypertensive vascu-
lopathy. BMBs due to hypertensive vasculopathy have been specifically related to cSVD2. So 
far, studies on the relationship of BMBs and cognition in patients at risk for or with manifest 
cSVD are sparse.
The aim of this study was to assess the presence of BMBs in patients with a high risk of 
cSVD (essential hypertensive patients) and patients with manifest cSVD (first-ever lacunar 
stroke patients). The focus was on the relationship between cognition and BMBs in terms of 
presence, number and location, while adjusting for WMLs and lacunar infarcts. We hypoth-
esized that with increasing BMBs cognitive function decreases. Additionally, we hypothesize 
that specifically deep BMBs are related to executive function and information processing 
speed. Associations were analyzed for the total sample, as well as for the two subgroups 
separately. 
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Methods
Participants
Patients included in this study participated in two larger studies; the hypertensive patients in a 
longitudinal study on brain damage in hypertension (HYBRiD)23, whereas the lacunar stroke 
patients participated in a study on cognitive function after lacunar stroke. Both populations 
show a high prevalence of cSVD and we assume that the underlying pathology as well as the 
consequences of BMBs for cognitive function are similar, regardless of the underlying stage 
of cSVD.
Hypertensive patients were referred to the hypertension outpatient clinic of the Department 
of Internal Medicine of the Maastricht University Medical Centre. Of 218 patients included 
at baseline (July 2004 to September 2006), 198 patients were available for possible follow-
up studies, of whom 112 patients completed a brain MRI and extensive neuropsychological 
assessment at 5-year follow-up. Exclusion criteria were a history of symptomatic cardio- or 
cerebrovascular disease or contraindications for MRI. Data collected at 5-year follow-up 
were used for the present study.
Of 208 first-ever lacunar stroke patients presenting at the Neurology Department of the Maas-
tricht University Medical Centre between February 2009 and July 2012, we consecutively 
included 76 patients. Lacunar stroke was defined as an acute stroke syndrome with a small 
(<20mm) ischemic lacunar lesion in the pons, basal ganglia, thalamus or capsula interna on 
acute brain MR compatible with the occlusion of a single perforating small artery. If no such 
lesion was visible, we used established clinical criteria for lacunar stroke24. Patients with 
severe co-morbidity, either neurological or psychiatric, were excluded. Furthermore, patients 
without MRI or with possible other causes than cSVD (cardiac embolic source, cerebral large 
vessel disease, or carotid stenosis), were excluded. Patients underwent neuropsychological 
assessment at 3 months after stroke to exclude acute phase effects. 
The presence of vascular risk factors was recorded for all patients including hypertension, 
diabetes mellitus, hypercholesterolemia and smoking. Data of vascular risk factors were 
missing for 4 hypertensive patients. 
Both studies were approved by the Medical Ethics Committee of the Maastricht University 
Medical Centre and all participants gave written informed consent. 

Brain magnetic resonance imaging
On brain MRI (standard T2-weighted, FLAIR and T2*-weighted sequences; 1.5T or 3T), 
two experienced neurologists (JS and RvO) individually graded BMBs and other markers of 
cSVD. BMBs were defined as punctate (<10 mm) homogeneous foci of low signal intensity 
on T2*-weighted images. Symmetrical hypointensities in the globi pallidi were disregarded, 
since these most likely represent calcification. We distinguished lobar (cortical gray and sub-
cortical white matter), deep (basal ganglia, thalamus, and internal, external and extreme cap-
sule) and infratentorial (cerebellum and brain stem) microbleeds. The inter-observer agree-
ment for the presence of BMBs was substantial (κ=.63). Regarding number of BMBs, we 
distinguished between 1 BMB, 2-4 BMBs or more than 5 BMB6. In case of disagreement, 
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lesions were ascertained by consensus. Two patients were excluded due to missing T2*-
weighted images. 

Other markers of cSVD
Asymptomatic lacunar infarcts – We identified asymptomatic lacunar infarcts as sharply de-
marcated hyperintense lesions <20 mm on T2-weighted images with corresponding hypoin-
tense lesions with a hyperintense rim on FLAIR. In case of the lacunar stroke patients, the 
lesion could not be compatible with the clinical stroke and Diffusion Weighted Imaging was 
used to distinguish between the symptomatic and asymptomatic lacunar infarcts. Presence of 
lacunar infarcts was based on ≥1 lacunar infarct. 
White matter lesions – White matter lesions were identified as hyperintense areas on T2-
weighted and FLAIR images. WMLs connected to the lateral ventricles were rated as perive-
ntricular, otherwise we considered them as deep. WMLs were graded according to the Faze-
kas scale25. We defined extensive WMLs as: periventricular WMLs score 3 (irregular lesions 
extending into the deep white matter) and/or deep WMLs with a score of 2 (beginning con-
fluence of lesions) or 3 (large confluent areas). 

Assessment of cognitive function
Cognitive function was assessed by 1 trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)26, Stroop 
Colour Word Test (SCWT)27, Trailmaking Test A and B (TMT)28, category and letter fluency 
29, 30, and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)31, 
Symbol Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, 
interference scores were computed. Interference score SCWT= time on card 3 – Mean (card 
1 + card 2). Interference score TMT= time card B – time card A. 
We compared performances on different cognitive domains by using Z standard scores. For 
each domain we computed compound scores. Memory domain= (Z/RAVLT immediate recall 
+ Z/RAVLT delayed recall + Z/RAVLT word recognition+ Z/digit span forward)/4; Execu-
tive functions domain= (Z/SCWT interference + Z/TMT interference + Z/category fluency 
+ Z/letter fluency + Z/digit span backward + Z/letter number sequencing)/6; Information 
processing speed= (Z/symbol substitution + Z/TMT A + Z/mean of Stroop card 1 and 2)/3. A 
compound score for overall cognitive function was calculated as the mean score of the three 
compound scores. Z-scores of tests with higher scores representing worse performance were 
inverted before computing the compound scores. Compound scores for memory, executive 
function, information processing speed and overall cognition were missing for 5, 5, 1 and 9 
patients respectively. Therefore, analyses on these variables were performed with a different 
number of subjects. 

Statistical analysis
We presented baseline characteristics as frequencies, except for age (mean and SD) and com-
pared patients with and without BMBs with Χ2 tests and an independent T-test. The associa-
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tion between presence, number and location of BMBs with cognitive domains was investi-
gated using univariate regression analyses, additionally adjusted for silent lacunar infarcts 
and severe WMLs, as well as age and sex. Results are presented for the total sample as well 
as for hypertensive and lacunar stroke patients separately. Due to small numbers, we did not 
repeat the analyses for location of BMBs in these two subgroups. 

Results
In total, 188 patients were included (112 hypertensive patients and 76 lacunar stroke patients) 
and 218 excluded (86 hypertensive patients and 132 lacunar stroke patients). Included pa-
tients were younger (60.0±12.7 vs 66.3±15.1 years, p<.001) and more often male (58% vs 
48%, p=.048) than patients who were excluded from the study. Reasons for exclusion were: 
not interested (N=102), atrial fibrillation (N=35), other cerebrovascular accident or transient 
ischemic attack before inclusion (N=9), pre-existent cognitive problems (N=7), carotid ste-
nosis (N=7), exclusion criteria for MRI (N=6), death (N=4), or other reasons (N=48).
BMBs were present in 39 patients (21%), 62% presenting with 1 BMB, 28% with 2 to 4 
BMBs and 10% with 5 or more BMBs. Patients with BMBs were older (p=.001) and more 
often male (p=.020) than those without (table 1). Regarding cSVD markers, patients with 
BMBs more often suffered from a symptomatic lacunar infarct (p=.022) and more often had 
WMLs (p=.005). Borderline significance was found for the presence of asymptomatic lacu-
nar infarcts (p=.060). 

Table 1. Patients characteristics

Microbleeds

All (n=188) Yes (n=39) No (n=149) p

Age, mean years (SD) 60.0± 12.7 66.0± 10.4 58.5± 12.8 .001

Male sex 109 (58.0) 29 (74.4) 80 (53.7) .020

Hypertension 160 (85.1) 33 (84.6) 127 (85.2) .923

Diabetes 11 (5.9) 1 (2.6) 10 (6.7) .326

Hypercholesterolemia 95 (51.9) 15 (39.5) 80 (55.2) .085

Current smoking 40 (21.4) 10 (25.6) 30 (20.3) .645

cSVD markers

- Symptomatic lacunar infarct 76 (40.4) 22 (56.4) 54 (36.2) .022

- Asymptomatic lacunar infarcts 63 (33.5) 18 (46.2) 45 (30.2) .060

- WMLs 34 (18.1) 13 (33.3) 21 (14.1) .005
Data are shown in frequencies (%) , except where reported otherwise. WMLs = white matter lesions. P-values 
refer to the difference between patients with and without brain microbleeds. 

Presence of BMBs and cognition
Significant associations between presence of BMBs and memory, information processing 
speed and overall cognition were found in univariate regression analyses (table 2). However, 
when adjusted for the presence of asymptomatic lacunar infarcts, severe WMLs or age and 
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sex, none of the results remained significant. 

Table 2. Regression coefficients of the association between presence of BMBs and cognitive function

Cognitive domain Presence of BMBs

Memory
- Unadjusted
- Model 1
- Model 2
- Model 3

-0.259 (-0.518 to 0.001)*
-0.020 (-0.260 to 0.221)
-0.225 (-0.485 to 0.035)
-0.202 (-0.461 to.0.058)

Executive function
- Unadjusted
- Model 1
- Model 2
- Model 3

-0.197 (-0.451 to 0.058) 
-0.063 (-0.305 to 0.180)
-0.163 (-0.419 to 0.092)
-0.101 (-0.352 to 0.149)

Information processing speed
- Unadjusted
- Model 1
- Model 2
- Model 3

-0.371 (-0.678 to -0.064)* 
-0.110 (-0.372 to 0.151)
-0.278 (-0.575 to 0.020)
-0.233 (-0.533 to 0.068) 

Overall cognitive function
- Unadjusted
- Model 1
- Model 2
- Model 3

-0.246 (-0.488 to -0.004)*
-0.050 (-0.264 to 0.164)
-0.196 (-0.435 to 0.042)
-0.171 (-0.406 to 0.064)

Model 1: Linear regression analyses adjusted for age and sex. Model 2: Linear regression analyses adjusted for the 
presence of silent lacunar infarcts. Model 3: Linear regression analyses adjusted for severe WMLs. * p≤.05

Location of BMBs and cognition
Regarding location, one or more deep BMBs were present in 27 patients, lobar BMBs in 
17 and infratentorial BMBs in 6 patients. The presence of one or more deep BMBs was as-
sociated with memory (p=.031), executive function (p=.046), information processing speed 
(p=.015) and overall cognition (p=.026), but this disappeared after correction for the pres-
ence of other cSVD markers or age and sex. The presence of one or more lobar BMBs 
was associated with memory (p=.020), information processing speed (p=.032) and overall 
cognition (p=.036), but only memory remained significant after correction for silent lacunar 
infarcts (p=.037) or WMLs (p=.051), but significance disappeared after correction for age 
and sex. The presence of one or more infratentorial BMBs was not associated with any of the 
cognitive domains. 

Hypertensive and lacunar stroke patients
Brain microbleeds were present in 17 hypertensive patients (15%), 77% presented with 1 
BMB, 18%  with 2 to 4 BMBs and 6% with 5 or more BMBs. Patients with BMBs were older 
(55.4 years vs 62.5 years, p=.025), but did not differ regarding vascular risk factors or the 
presence of other cSVD markers. The presence of BMBs was significantly associated with 
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memory (p=.046) in univariate regression analyses. In multivariate regression analyses ad-
justed for asymptomatic lacunar infarcts and severe WMLs this remained significant (p=.036 
and p=.046 respectively), but disappeared after correction for age and sex. 
Brain microbleeds were present in 22 lacunar stroke patients (29%), 50% presented with 1 
BMB, 36% with 2 to 4 BMBs and 14% with 5 or more BMBs. Patients with BMBs were 
more often male (86%, p=.001) and less often had hypercholesterolemia (52%, p=.030). Re-
garding cSVD markers, patients with BMBs more often had asymptomatic lacunar infarcts 
(p=.011) and WMLs (p=.016). The presence of BMBs was not associated with any of the 
cognitive domains. 

Discussion
The aim of this study was to assess the presence of BMBs in patients with a high risk of 
cSVD (essential hypertensive) and first-ever lacunar stroke patients and the relationship be-
tween cognition and BMBs in terms of presence, number and location, while adjusting for 
WMLs and lacunar infarcts. We were interested in the associations for the total sample, but 
also for the two subgroups (hypertensive and lacunar stroke patients) separately. We found 
a high prevalence of BMBs of 21% in our cSVD population. BMBs were present in 15% of 
the hypertensive population and in 29% of the lacunar stroke patients. The presence of BMBs 
was not independently associated with any of the cognitive domains, when adjusted for other 
markers of cSVD and age and sex. 
The prevalence of BMBs in hypertensive patients (15%) was lower than in the lacunar stroke 
patients (29%). This was expected since hypertensive patients are at risk for cSVD, but by 
definition had no cSVD symptoms. The prevalence of BMBs in the lacunar stroke patients is 
somewhat lower than what was found by Patel et al16 (40%). Our patients were younger and 
not selected based on the presence of WMLs. We were unable to compare the prevalence of 
the hypertensive patients to other studies, since no specific data on hypertensive patients are 
available. 
When we analyzed the data for hypertensive and lacunar stroke patients separately, we found 
that in hypertensive patients, the presence of BMBs was related to memory function, also 
after adjusting for other markers of cSVD, but not when adjusting for age and sex. In lacunar 
stroke patients on the other hand, the presence of BMBs was not related to any of the cogni-
tive domains. Possibly, the presence of a symptomatic lacunar stroke overpowered the effect 
of microbleeds on cognitive functioning. Another explanation might be the lack of power, 
since the number of patients in each subcategory was quite small in order to draw conclusions 
on cognitive functioning. 
Recently, Charidimou and Werring32 proposed several different mechanisms by which BMBs 
might influence cognitive function, since the underlying mechanism is still speculative. They 
proposed that 1) BMBs cause direct structural damage to the surrounding tissue, resulting in 
disconnecting cortical from subcortical structures; 2) BMBs cause functional disturbances in 
surrounding tissue, affecting cognition; 3) BMBs have an indirect influence on cognition or 
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4) BMBs are just a marker of cSVD severity or type, without having a direct and independ-
ent effect on cognitive function. The present results support the fourth proposal as our results 
often lost significance after correcting for other markers of cSVD. Patients with microbleeds 
significantly more often presented with other markers of cSVD, which shows that BMBs of-
ten co-occur with these other markers of cSVD. In case of isolated BMBs, associations with 
cognitive function may resemble those found in univariate analyses. 
Other studies with cerebrovascular populations found significant associations between BMBs 
and cognitive function, even after correction for the presence of WMLs and/or lacunes. How-
ever, exact populations differed and consequently the distribution of BMBs due to hyperten-
sive vasculopathy and cerebral amyloid angiopathy might have been different. Additionally, 
our patients with BMBs were younger (66 years) than those in these other studies11, 14, 15. So 
far, studies that reported negative findings regarding the relationship between BMBs and 
cognitive function concerned mainly populations with AD or other dementias. Van der Flier33 
recently concluded that negative findings might be due to small sample sizes, the frequent 
occurrence of only 1 BMB, but more importantly, that the disease process has advanced too 
far, masking the subtle effect of BMBs on cognitive function. Since our patients with BMBs 
significantly more often presented with other markers of cSVD, its process may also be too 
advanced to reveal any associations between BMBs and cognitive function. 
One of the limitations of our study is the cross-sectional nature of our study, which prevents 
statements about causality. Longitudinal studies following increase of BMBs and cognitive 
decline over time are needed in order to confirm a causal relationship between the two. An-
other limitation is the variable MRI field strength that was used in our population. As it was 
found that more BMBs can be detected at 3T than at 1.5T34, this might have led to under-
rating in about three fourth of our patients that was scanned at 1.5T, compared to the other 
patients at 3T. However, it was found that enhanced sensitivity in detecting BMBs had no 
improved clinical relevance regarding relations with vascular risk factors, cognition or mark-
ers of cSVD35. Additionally, results remained unchanged after correction for field strength 
(results not shown). Additionally, we included relatively young patients, in which the level of 
cognitive impairments is expected to be relatively low. 
The strength of this study is the substantial amount of cSVD patients in which relatively ex-
tensive neuropsychological assessment was performed. In addition, we are the first to present 
results on the relationship of BMBs with cognition in lacunar stroke patients. This relation 
has not been studied in patients with cerebrovascular disease that intensively yet, which is 
surprising, since BMBs are particularly expected in these populations. 
In conclusion, BMBs are highly prevalent in a cSVD population. The presence of BMBs 
is associated with decreased memory, information processing speed and overall cognition, 
but not independent of other markers of cSVD. This suggests that BMBs are, most likely, a 
marker of cSVD severity, without having a direct and independent effect on cognitive func-
tion in this population. 
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Abstract
Background – Enlarged perivascular spaces (EPVS) are a feature of cerebral small vessel disease (cSVD) and have 
been related to cSVD severity. A higher number of EPVS were related to decreased cognition in healthy elderly, but 
this has never been investigated in patients at high risk of cSVD. 
Methods – We included 189 patients with a high risk of cSVD (hypertensive patients and lacunar stroke patients). 
Patients underwent brain MRI and extensive neuropsychological assessment. EPVS were rated in the basal ganglia 
(BG) and centrum semiovale (CSO). Correlation analyses between EPVS and cognitive domains were adjusted for 
white matter lesions (WMLs), age, sex and symptomatic stroke. 
Results – Negative correlations were found between EPVS in the BG and all cognitive domains, independent of 
WMLs. After correction for age, results remained significant for information processing speed (IPS) only. No inde-
pendent correlation was found between EPVS in the CSO and cognition. 
Conclusions – We demonstrated that more BG EPVS were associated with a decrease in IPS, independent of age 
and WMLs. This emphasizes that specifically EPVS in the BG are associated with cSVD, and with cSVD-related 
decreases in cognition.
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Introduction
Enlarged perivascular spaces (EPVS), or Virchow-Robin spaces, are widened cerebrospinal 
fluid-filled cavities surrounding the perforating arteries of the brain1. On T2-weighted images 
they appear as punctuate or linear hyperintensities in the basal ganglia and centrum semi-
ovale. EPVS are a feature of cerebral small vessel disease (cSVD)2 and have been related to 
cSVD severity3, 4. 
EPVS are not commonly present in the younger healthy population, but become increasingly 
common with older age5. In general, patients with EPVS remain asymptomatic6 and therefore 
EPVS are considered benign. However, MacLullich et al7 found that increased EPVS were 
related to decreased cognitive function in healthy elderly men. This relationship however, 
was not independent from white matter lesions (WMLs). Chen et al8 found that patients with 
Alzheimer’s Disease (AD) and mild cognitive impairment (MCI) showed more EPVS than 
control subjects. Zhu et al9 even found a higher rate of cognitive decline in elderly patients 
with a high degree of EPVS in the basal ganglia. 
Although EPVS have been related to cSVD, its clinical consequences in patients with cSVD 
are unknown. Therefore, the objective of the present study was to assess the relationship 
between EPVS and cognitive function, adjusted for confounding factors such as WMLs, age 
and sex, in a population with a high prevalence of cSVD: first-ever lacunar stroke patients as 
well as essential hypertensive patients. 
 
Methods
Study population
Patients included in our study participated in two larger studies, the hypertensive patients in a 
longitudinal study on brain damage in hypertension (HYBRiD)10, whereas the lacunar stroke 
patients participated in an ongoing study on cognitive function after lacunar stroke. Both 
populations are at risk for cSVD and we assume that the consequences of EPVS for cognition 
are similar, regardless of the underlying stage of cSVD.
Hypertensive patients were referred to the hypertension outpatient clinic of the Department 
of Internal Medicine of the Maastricht University Medical Centre. Of 218 patients included 
at baseline (July 2004 to September 2006), 198 patients were available for possible follow-
up studies, of whom 112 patients completed a brain MRI and extensive neuropsychological 
assessment at 5-year follow-up. Exclusion criteria were a history of symptomatic cardio- or 
cerebrovascular disease or contraindications for MRI. Data collected at 5-year follow-up 
were used for the present study.
Of 208 first-ever lacunar stroke patients presenting at the Neurology Department of the 
Maastricht University Medical Centre between February 2009 and July 2012, we consecu-
tively included 77 patients. Lacunar stroke was defined as an acute stroke syndrome with a 
small (<20mm) ischemic lacunar lesion in the brain stem, basal ganglia or capsula interna 
on acute brain MR compatible with the occlusion of a single perforating small artery. If no 
such lesion was visible, we used established clinical criteria for lacunar stroke11. Patients with 
severe co-morbidity, either neurological or psychiatric, were excluded. Furthermore, patients 
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without brain MR or with symptoms suggesting other causes than cSVD (cardiac embolic 
source, cerebral large vessel disease, or carotid stenosis), were excluded. Patients underwent 
neuropsychological assessment at 3 months after stroke to exclude acute phase effects. 
The presence of vascular risk factors was recorded for all patients: hypertension, diabetes 
mellitus, hypercholesterolemia and smoking. Data of vascular risk factors were missing for 
4 hypertensive patients. 
Both studies were approved by the Medical Ethics Committee of the Maastricht University 
Medical Centre and all participants gave written informed consent. 

Image analysis
On brain MRI (standard T2-weighted and FLAIR sequences, 1.5 or 3T), two experienced 
neurologists (JS and RvO) individually graded EPVS and WMLs. We distinguished EPVS at 
two different levels: the basal ganglia and the white matter of the centrum semiovale. EPVS 
were defined as round, oval or linear shaped lesions with a smooth margin, absence of mass 
effect and with signal intensity equal to cerebrospinal fluid on T2-weighted images and (if 
visible) hypointense on FLAIR images without hyperintense rim to distinguish them from 
old lacunar infarcts12. The quantity of EPVS were rated as follows: category 1= <10 EPVS, 
category 2= 10-25 EPVS and category 3= >25 EPVS4. Only the most affected hemisphere 
was rated on one slice only2, 7. In case of disagreement, lesions were ascertained by consen-
sus. WMLs were graded according to the Fazekas scale13. We defined extensive WMLs as: 
periventricular WMLs score 3 (irregular lesions extending into the deep white matter) or 
deep WMLs with a score of 2 (beginning confluence of lesions) or 3 (large confluent areas). 
Ratings of EPVS and WMLs showed a weighted κ of 0.6 or above.

Neuropsychological assessment
Cognitive function was assessed by 1 trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)14, Stroop 
Colour Word Test (SCWT)15, Trailmaking Test A and B (TMT)16, category and letter flu-
ency17, 18, and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)19, 
Symbol Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, 
interference scores were computed. Interference score SCWT= time on card 3 – Mean (card 
1 + card 2). Interference score TMT= time card B – time card A. 
We compared performances on different cognitive domains by using Z standard scores (based 
on the cohort scores). For each domain we computed compound scores. Memory domain= 
(Z/RAVLT immediate recall + Z/RAVLT delayed recall + Z/RAVLT word recognition+ Z/
digit span forward)/4; Executive functions domain= (Z/SCWT interference + Z/TMT inter-
ference + Z/category fluency + Z/letter fluency + Z/digit span backward + Z/letter number 
sequencing)/6; Information processing speed= (Z/symbol substitution + Z/TMT A + Z/mean 
of Stroop card 1 and 2)/3. A compound score for overall cognitive function was calculated as 
the mean score of the three compound scores. Z-scores of tests with higher scores represent-
ing worse performance were inverted before computing the compound scores. Compound 
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scores for memory, executive function, information processing speed and overall cognition 
were missing for 5, 5, 1 and 9 patients respectively. Therefore, analyses on these variables 
were performed with a different number of subjects. 

Statistical analysis
In the unadjusted analysis, we compared cognitive compound scores (memory, information 
processing speed, executive function and overall cognition) between the different levels of 
EPVS quantifications, using bivariate correlation analyses. All analyses were done using 
the non-parametric Spearman’s Rho due to the ordinal nature of the EPVS quantification. In 
order to adjust for known and possible confounders, such as severe periventricular or deep 
WMLs, age, sex and the presence of a symptomatic lacunar stroke, we performed separate 
linear regression analyses with the confounding factor as independent and cognitive domain 
as dependent variable. Residuals were saved and then used in the non-parametric correlation 
analyses. Besides putting all variables in one model, we also performed separate analyses for 
each confounding factor to assess the effect of each confounding factor on the relationship 
under study. 
All analyses were performed using PASW 18.0 (Statistical Package for the Social Sciences; 
Chicago, IL, USA). 

Results
In total, 189 patients (112 hypertensive patients and 77 lacunar stroke patients) were included 
and 217 (86 hypertensive patients and 131 lacunar stroke patients) excluded. Excluded pa-
tients were older than those who were included (66.4±15.0 vs 59.9±12.7 years, p<.001), but 
did not differ regarding sex (p=.095). 

Table 1. Characteristics of lacunar stroke and hypertensive patients 

All (n=189) Lacunar stroke 
patients (n=77)

Hypertensive 
patients (n=112)

Age, mean years (SD) 63.1 (14.3) 65.0 (12.0) 56.5 (12.1)

Male sex 108 (57.1) 43 (55.8) 65 (58.0)

Hypertension 159 (84.1) 47 (61.0) 112 (100.0)

Diabetes 9 (4.7) 7 (9.1) 2 (1.8)

Hypercholesterolemia 95 (51.6) 53 (69.7) 42 (38.9)

Current smoking 40 (21.3) 24 (31.2) 16 (14.4)

Extensive WMLs*

- Periventricular 31 (16.4) 18 (23.4) 13 (11.6)

- Deep 27 (14.3) 19 (24.7) 8 (7.1)

EPVS in BG

- Category 1 130 (68.8) 37 (48.1) 93 (83.0)

- Category 2 38 (20.1) 23 (29.9) 15 (13.4)

- Category 3 21 (11.1) 17 (22.1) 4 (3.6)
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EPVS in CSO

- Category 1 88 (46.6) 39 (50.6) 49 (43.8)

- Category 2 72 (38.1) 23 (29.9) 49 (43.8)

- category 3 29 (15.3) 15 (19.5) 14 (12.5)
Data are shown in frequencies (%) , except where reported otherwise. * According to Fazekas scale. WMLs= 
white matter lesions; EPVS= enlarged perivascular spaces; BG= basal ganglia; CSO= centrum semiovale

Reasons for exclusion were: not interested (N=102), atrial fibrillation (N=35), recurrent cer-
ebrovascular accident or transient ischemic attack before inclusion (N=2; for lacunar stroke 
patients only), cerebrovascular accident or transient ischemic attack between baseline and 
follow-up (N=7; for hypertensive patients only), pre-existent cognitive problems (N=7), ca-
rotid stenosis (N=7), exclusion criteria for MRI (N=6), death (N=4), or other reasons (N=47). 
Patient characteristics of both the included lacunar stroke and hypertensive patients are shown 
in table 1. Patient characteristics per EPVS category are shown in table 2. 

EPVS scores and white matter lesions
EPVS in the basal ganglia were correlated with the presence of extensive WMLs, both pe-
riventricular (Rho=.404, p<.001) and deep WMLs (Rho=.411, p<.001). EPVS in the centrum 
semiovale were not correlated with extensive deep or periventricular WMLs.  

Table 2. Characteristics by EPVS categories

EPVS in BG EPVS in CSO

<10 10-25 >25 <10 10-25 >25

Age, mean years (SD) 56.0 (11.8) 66.4 (9.8) 72.1 (10.4) 57.8 (13.9) 60.5 (11.8) 65.1 (9.4)

Male sex 74 (56.9) 20 (52.6) 14 (66.7) 51 (58.0) 42 (58.3) 15 (51.7)

Hypertension 117 (90.0) 28 (73.7) 15 (71.4) 72 (81.8) 64 (88.9) 24 (82.8)

Diabetes 7 (5.4) 4 (10.5) 0 (0.0) 4 (4.5) 5 (6.9) 2 (6.9)

Hypercholesterolemia 57 (45.2) 25 (67.6) 13 (61.9) 42 (49.4) 37 (52.1) 16 (57.1)

Current smoking 26 (20.2) 10 (26.3) 4 (19.0) 15 (17.0) 16 (22.5) 9 (31.0)

Extensive WMLs

- Periventricular 9 (6.9) 11 (28.9) 11 (52.4) 16 (18.2) 9 (12.5) 6 (20.7)

- Deep 7 (5.4) 9 (23.7) 11 (52.4) 14 (15.9) 8 (11.1) 5 (17.2)
Data are shown in frequencies (%) , except where reported otherwise. EPVS= enlarged perivascular spaces; BG= 
basal ganglia; CSO= centrum semiovale; SD= standard deviation; WMLs= white matter lesions

EPVS scores and cognitive function
Overall, mean Z-scores of all cognitive domains decreased with higher numbers of EPVS in 
the basal ganglia (figure 1). Bivariate correlation analyses revealed significant negative cor-
relations between EPVS in the basal ganglia and all cognitive domains (all p<.001) (table 3). 
Regarding EPVS in the centrum semiovale, a significant negative correlation with memory 
was found (p=.016), but not with the other cognitive domains (table 4). 
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Table 3. Correlation coefficients of EPVS in the basal ganglia and cognitive function 

Memory Executive function Information pro-
cessing speed

Overall cognition

Model 1 -.280‡ -.277‡ -.402‡ -.363‡

Model 2 -.206† -.185* -.278‡ -.264‡

Model 3 -.172* -.143 -.246‡ -.209†

Model 4 -.063 -.086 -.146* -.136

Model 5 -.285‡ -.280‡ -.402‡ -.361‡

Model 6 -.159* -.151* -.232‡ -.214†

Model 7 .009 .020 -.027 -.006
Numbers are presented as correlation coefficients. Model 1: bivariate correlation analyses. Model 2: Correlation 
analyses with adjustment for periventricular white matter lesions. Model 3: Correlation analyses with adjustment 
for deep white matter lesions. Model 4: Correlation analyses with adjustment for age. Model 5: Correlation analy-
ses with adjustment for sex. Model 6: Correlation analyses with adjustment for group (hypertension or lacunar 
stroke patients). Model 7: Correlation analyses with adjustment for all of the above. EPVS= enlarged perivascular 
spaces.
* p≤.05
† p≤.01
‡ p≤.001

Table 4. Correlation of EPVS in the centrum semiovale and cognitive function 

Memory Executive function Information pro-
cessing speed

Overall cognition

Model 1 -.177* -.039 -.125 -.086

Model 2 -.183* -.055 -.147* -.106

Model 3 -.198† -.073 -.169* -.141

Model 4 -.107 .035 -.032 .003

Model 5 -.189† -.031 -.122 -.084

Model 6 -.207† -.077 -.157* -.140

Model 7 -.159* -.015 -.096 -.087
Numbers are presented as correlation coefficients. Model 1: bivariate correlation analyses. Model 2: Correlation 
analyses with adjustment for periventricular white matter lesions. Model 3: Correlation analyses with adjustment 
for deep white matter lesions. Model 4: Correlation analyses with adjustment for age. Model 5: Correlation analy-
ses with adjustment for sex. Model 6: Correlation analyses with adjustment for group (hypertension or lacunar 
stroke patients). Model 7: Correlation analyses with adjustment for all of the above. EPVS= enlarged perivascular 
spaces.
* p≤.05
† p≤.01
‡ p≤.001

Correction for WMLs – In the basal ganglia, correlation analyses adjusted for periventricular 
WMLs revealed a significant negative correlation with all cognitive domains. When we cor-
rected for deep WMLs, results also remained significant for all cognitive domains, except 
executive function. In the centrum semiovale, significant correlations were found for EPVS 
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and memory and information processing speed, when corrected for periventricular or deep 
WMLs. 

Figure 1. Enlarged perivascular spaces at the basal ganglia and centrum semiovale level and its relation to cogni-
tive domains

Bars represent the mean Z-score on each of the cognitive domains. Error bars represent the standard error of the 
mean. EPVS= enlarged perivascular spaces; BG= basal ganglia; CSO= centrum semiovale
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Correction for age – In correlation analyses with adjustment for age, information process-
ing was the only variable to remain significantly associated with EPVS in the basal ganglia, 
although overall cognition was also borderline significant (p=.069).  No significant correla-
tions were found for EPVS in the centrum semiovale. Correction for sex – After adjustment 
for sex, significant correlations were found with EPVS in the basal ganglia and all cognitive 
domains (all p<.001). Significant correlations were found for EPVS in the centrum semiovale 
with memory.
Correction for lacunar stroke – Finally, we adjusted for the presence of a symptomatic la-
cunar stroke. Correlations between EPVS in the basal ganglia remained significant for all 
cognitive domains. A significant correlation was found for EPVS in the centrum semiovale 
and memory and information processing speed. 

Discussion
We demonstrated that higher numbers of basal ganglia EPVS were associated with a decrease 
in all domains of cognitive function. Results remained significant after correction for WMLs 
(except for executive function after correction for deep WMLs). However, after correction 
for age, only information processing speed remained significantly correlated with basal gan-
glia EPVS. EPVS in the centrum semiovale were associated with memory, independent of 
WMLs, but results lost significance after correction for age. 
We weren’t able to fully replicate the findings by MacLullich et al7, who found that higher 
numbers of EPVS were related to overall decreased cognitive function, while we only found 
a relation with information processing speed after correction for age. Their relationship was 
however not independent of WMLs, contrary to our findings in which we found an independ-
ent effect. Although the results by MacLullich et al are the only ones to compare our study to, 
patient populations are rather different and therefore hard to compare. The study sample by 
MacLullich consisted of healthy elderly men with a small age range (65-70 years) and limited 
white matter disease. The authors suggested that an independent association may be found 
for larger populations with more severe EPVS, WMLs and more cognitive dysfunction. By 
including hypertensive as well lacunar stroke patients, both patient groups with a high preva-
lence of cSVD, we thought to fulfill this criterion suggested by MacLullich et al. 
The independent association of EPVS in the basal ganglia with information processing speed 
is in line with the current literature on cSVD and cognitive function, in which specifically 
subcortical functions such as information processing speed and executive function  appear to 
be affected20. We also found an association between memory function and EPVS in both the 
basal ganglia and the centrum semiovale with memory function, although not independent 
of age. Although memory function is not specifically affected by cSVD, this is in line with 
results by Chen et al8 who found an increased frequency of EPVS in patients with Alzheim-
er’s Disease. Although they did not separately present their results for different brain regions, 
EPVS in the centrum semiovale were most prevalent. 
We mainly found associations of cognitive function with EPVS in the basal ganglia. In the 

Proefschrift0712.indd   119 09.12.2013   08:40:05



     
      120            Chapter 9

current literature, it appears that EPVS in the basal ganglia, and not in the white matter of the 
centrum semiovale, are specifically related to WMLs and cSVD2, 3. In our study the relation 
between EPVS and WMLs was also strongest for EPVS in the basal ganglia. All together this 
might suggest that not EPVS in general, but specifically the EPVS in the basal ganglia are 
associated with cSVD-related reductions of cognitive function. 
The strength of this study is the substantial amount of cSVD patients with good neuropsy-
chological assessment. One of the limitations of our study is that we included hypertensive 
as well as lacunar stroke patients, which makes our population heterogeneous. However, both 
populations are at risk for cSVD and we assume that the consequences of EPVS for cognition 
are similar, regardless of the underlying stage of cSVD. Furthermore, the correlation between 
EPVS and cognitive function remained significant after correction for a symptomatic lacunar 
stroke, justifying the use of these two populations as one sample. Another limitation is the ab-
sence of atrophy measures. Total EPVS score was found to increase with increasing atrophy 
severity in cognitively normal patients, but not in patients with mild cognitive impairment or 
Alzheimer’s Disease8. 
In conclusion, we demonstrated that an increase in basal ganglia EPVS was associated with 
a decrease in information processing speed, independent of age and WMLs. This not only 
emphasizes that specifically EPVS in the basal ganglia are associated with cSVD, but also 
with cSVD-related decreases in cognitive performance. 
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Abstract
Background – White matter lesions (WMLs), asymptomatic lacunar infarcts, brain microbleeds (BMBs) and en-
larged perivascular spaces (EPVS) have been identified as silent lesions due to cerebral small vessel disease (cSVD). 
All these markers have been individually linked to cognitive functioning, but are also strongly correlated with each 
other. The combined effect of these markers on cognitive function has never been studied and would possibly pro-
vide more useful information on the effect on cognitive function. 
Methods – Brain MRI and extensive neuropsychological assessment were performed in 189 patients at risk for 
cSVD (112 hypertensive patients and 77 first-ever lacunar stroke patients). We rated the presence of any asympto-
matic lacunar infarct, extensive WMLs, any deep BMB, and moderate to extensive EPVS in the basal ganglia. The 
presence of each marker was summed to an ordinal score between 0 and 4. Associations with domains of cognitive 
function (memory, executive function, information processing speed and overall cognition) were analyzed with 
correlation analyses. 
Results – Correlation analyses revealed significant associations between accumulating cSVD burden and decreased 
performance on all cognitive domains (all p≤.001). Results remained significant for information processing speed 
(r=-.181, p=.013) and overall cognition (r=-.178, p=.017), after correction for age and sex. Testing of trend using 
linear regression analyses revealed the same results. 
Discussion – We tested a new approach to capture total brain damage resulting from cSVD and found that accumu-
lation of MRI burden of cSVD is associated with decreased performance on tests of information processing speed 
and overall cognition, implying that accumulating brain damage is accompanied by worse cognitive functioning. 
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Introduction
Cerebral small vessel disease (cSVD) is a disorder affecting the small perforating vessels 
in the brain1. This may result in clinically overt lacunar stroke syndromes, but also in clini-
cally “silent” manifestations as white matter lesions (WMLs), asymptomatic lacunar infarcts, 
brain microbleeds (BMBs) and enlarged perivascular spaces (EPVS)1-4. 
Lesions due to cSVD are thought to disrupt frontal-subcortical circuits5 and consequently 
impair cognitive functioning. The abovementioned four markers of cSVD have all been indi-
vidually linked to cognitive dysfunctioning6-9. However, these MRI markers of brain damage 
do not occur separately, and studies investigating the effect of the combined and accumulat-
ing presence of these individual markers on cognition are lacking. Recently, Wardlaw et al10 
suggested to search for methods to assess the total cSVD load on imaging in order to avoid 
over-reliance on one feature only. 
Some studies focused on the combination of lacunar infarcts and WMLs11, 12. Baune et al11 

found a combined occurrence of lacunar infarcts and WMLs in 10% of the population and a 
significant difference between those patients with only one lesion type and patients affected 
by both on information processing speed and memory. The authors suggested that the com-
bined occurrence was associated with stronger reductions in cognitive function than each of 
the two lesion types alone. Additionally, Jokinen et al12 recently found that the relationship 
between progression of WMLs and new lacunes with cognitive decline was additive, but not 
synergistic. 
No data are available on the clinical consequences of the total burden of ‘silent’ cSVD on 
brain MRI, expressed by the co-occurrence of all four different markers of cSVD. The aim 
of this study therefore was to try a new method to capture the total brain damage caused by 
cSVD and investigate whether an accumulation of MRI markers of cSVD was associated 
with a decreased performance on cognitive function. We investigated this in patients at risk 
for silent cSVD, most probably due to hypertension-related occlusive arteriolosclerosis: pa-
tients with lacunar (small vessel) stroke and essential hypertensive patients. 

Methods
Participants 
Patients included in this study participated in two larger studies; the hypertensive patients in a 
longitudinal study on brain damage in hypertension (HYBRiD)13, whereas the lacunar stroke 
patients participated in a study on cognitive function after lacunar stroke. 
Hypertensive patients were referred to our hypertension outpatient clinic of the Department 
of Internal Medicine of the Maastricht University Medical Centre. Of 218 patients included, 
112 patients completed a brain MRI and extensive neuropsychological assessment for this 
cross-sectional study. Exclusion criteria at baseline were a history of symptomatic cardio- or 
cerebrovascular disease or contraindications for MRI. 
Of 208 first-ever lacunar stroke patients presenting at the Neurology Department of the 
Maastricht University Medical Centre between February 2009 and July 2012, we consecu-
tively included 77 patients. Lacunar stroke was defined as an acute stroke syndrome with a 
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small (<20mm) ischemic lesion on acute brain MR in the brain stem, basal ganglia or internal 
capsule, compatible with the occlusion of a single perforating small artery. If no such lesion 
was visible, we used established clinical criteria for lacunar stroke14. Patients with severe co-
morbidity, either neurological or psychiatric, were excluded. Furthermore, patients without 
MRI or with possible other causes than cSVD (cardiac embolic source, cerebral large vessel 
disease, or carotid stenosis), were also excluded. Patients underwent neuropsychological as-
sessment at 3 months after stroke to exclude acute phase effects. 
The presence of vascular risk factors was recorded for all patients: hypertension, diabetes 
mellitus, hypercholesterolemia and smoking. Data of vascular risk factors was missing for 4 
hypertensive patients. 
Both studies were approved by the Medical Ethics Committee of the Maastricht University 
Medical Centre and all participants gave written informed consent. 

Brain magnetic resonance imaging
MRI of the brain (1.5 or 3T) was performed to obtain axial T2-weighted, fluid-attenuated 
inversion recovery (FLAIR) and T2*-weighted gradient echo images. Images were inde-
pendently rated by two vascular neurologists (JS and RvO) for the presence of asymptomatic 
lacunar infarcts, WMLs, BMBs and EPVS for the first 137 patients. Kappas appeared to be 
satisfactory and the remaining images were rated by one vascular neurologist only. In case 
of disagreement or doubt, lesions were ascertained by consensus. Kappa’s for the presence 
of asymptomatic lacunar infarcts and deep BMBs were 0.62 and 0.63 respectively. Weighted 
kappa’s for dWMLs and EPVS in the basal ganglia were 0.77 and 0.69 respectively. 

Total burden of cSVD
We created an ordinal scale representing the total burden of cSVD, expressed by the co-oc-
currence of the different MRI markers. The presence of each of the four MRI markers for 
cSVD mentioned above (asymptomatic lacunar infarcts, WMLs, BMBs and EPVS), was 
awarded with one point, resulting in a minimum of 0 and a maximum of 4. 
Asymptomatic lacunar infarcts – We identified asymptomatic lacunar infarcts as sharply 
demarcated hyperintense lesions <20 mm on T2-weighted images with corresponding hy-
pointense lesions with a hyperintense rim on FLAIR. In lacunar stroke patients, the lesion 
could not be compatible with the clinical stroke. One point was awarded when one or more 
asymptomatic lacunar infarcts were present. 
White matter lesions – WMLs were graded according to Fazekas’ scale15. One point was 
awarded in case of periventricular white matter lesions Fazekas score 3 (irregular hyperin-
tensities extending into the deep white matter), and/or in case of deep white matter lesions 
Fazekas score 2 or 3 (confluent white matter hyperintensities). We used the Fazekas scores 
because they are histopathologically related to cSVD16.  
Brain microbleeds – BMBs were defined as punctate (<10 mm) homogeneous foci of low 
signal intensity on T2*-weighted images. Symmetrical hypointensities in the globi pallidi 
were disregarded, since these most likely represent calcification. Since it was suggested that 
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specifically deep BMBs (defined as basal ganglia, thalamus, and internal, external and ex-
treme capsule) are related to cSVD17, one point was awarded only in case of the presence of 
one or more deep BMBs. 
Enlarged perivascular spaces – EPVS were defined as round, oval or linear shaped lesions 
with a smooth margin, absence of mass effect and with signal intensity equal to cerebrospinal 
fluid on T2-weighted images and (if visible) hypointense on FLAIR images without hyperin-
tense rim to distinguish them from old lacunar infarcts18. Since EPVS at the level of the basal 
ganglia are specifically related to cSVD3, EPVS at this level were scored, on one slice and at 
one side in the most affected hemisphere only. The quantity of EPVS were rated as follows: 
category 1= <10 EPVS, category 2= 10-25 EPVS and category 3= >25 EPVS. One point was 
awarded in case of moderate (category 2) to extensive (category 3) EPVS. 

Assessment of cognitive function
Cognitive function was assessed by 1 trained neuropsychologist (MH) during a 2 hour ses-
sion. The test battery included the Rey Auditory Verbal Learning Test (RAVLT)19, Stroop 
Colour Word Test (SCWT)20, Trailmaking Test A and B (TMT)21, category and letter flu-
ency22, 23, and the following subtests of the Wechsler Adult Intelligence Scale III (WAIS III)24, 
Symbol Substitution, Digit span and Letter Number Sequencing. For the SCWT and TMT, 
interference scores were computed. Interference score SCWT= time on card 3 – Mean (card 
1 + card 2). Interference score TMT= time card B – time card A. 
We compared performances on different cognitive domains by using Z standard scores. A 
Z-score was calculated for each test score separately. For each domain we computed com-
pound scores. Memory domain= (Z/RAVLT immediate recall + Z/RAVLT delayed recall 
+ Z/RAVLT word recognition+ Z/digit span forward)/4; Executive functions domain= (Z/
SCWT interference + Z/TMT interference + Z/category fluency + Z/letter fluency + Z/digit 
span backward + Z/letter number sequencing)/6; Information processing speed= (Z/symbol 
substitution + Z/TMT A + Z/mean of Stroop card 1 and 2)/3. A compound score for overall 
cognitive function was calculated as the mean score of the three compound scores. Z-scores 
of tests with higher scores representing worse performance were inverted before comput-
ing the compound scores. Compound scores for memory, executive function, information 
processing speed and overall cognition were missing for 5, 5, 1 and 9 patients respectively. 
Therefore, analyses on these variables were performed with a different number of subjects. 

Statistical analysis
In the unadjusted analysis, we associated cognitive compound scores (memory, information 
processing speed, executive function and overall cognition) with the levels of the total burden 
of cSVD, using bivariate correlation analyses. All analyses were done using the non-para-
metric spearman’s Rho due to the ordinal nature of the total cSVD burden quantification. In 
order to adjust for possible confounders, such as age and sex, we performed linear regression 
analyses with the confounding factors as independent and the cognitive domain as dependent 
variable. Residuals were saved and used in the non-parametric correlation analyses. 
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For testing of trend, the ordinal scale expressing the total burden of cSVD was considered as 
a continuous variable in a linear regression model with cognition as dependent variable, with 
adjustments for age and sex. 
All analyses were performed using IBM SPSS statistics 18.0. 

Results
In total, 189 patients (112 hypertensive patients and 77 lacunar stroke patients) were included 
and 217 (86 hypertensive patients and 131 lacunar stroke patients) excluded. Excluded pa-
tients were older than those who were included (66.4±15.0 vs 59.9±12.7 years, p<.001), but 
did not differ regarding sex (p=.095). Reasons for exclusion were: not interested (47.0%), 
atrial fibrillation (16.1%),  cerebrovascular accident or transient ischemic attack before inclu-
sion (4.1%; for hypertensive patients only), pre-existent cognitive problems (3.2%), carotid 
stenosis (3.2%), contra-indications for MRI (2.8%), death (1.8%), or other reasons (21.7%). 
Patient characteristics as well as the distribution of cSVD categories of the included lacunar 
stroke and hypertensive patients are shown in table 1. 

Table 1. Patient characteristics and frequencies of cSVD extent 

All (n=189) Lacunar stroke 
patients (n=77)

Hypertensive pa-
tients (n=112)

Age, mean years (SD) 63.1 (14.3) 65.0 (12.0) 56.5 (12.1)

Male sex 108 (57.1) 43 (55.8) 65 (58.0)

Hypertension 159 (84.1) 47 (61.0) 112 (100.0)

Diabetes 9 (4.7) 7 (9.1) 2 (1.8)

Hypercholesterolemia 95 (51.6) 53 (69.7) 42 (38.9)

Current smoking 40 (21.3) 24 (31.2) 16 (14.4)

cSVD category

   0 91 (48.1) 23 (29.9) 68 (60.7)

   1 41 (21.7) 15 (19.5) 26 (23.2)

   2 33 (17.5) 21 (27.3) 12 (10.7)

   3 19 (10.1) 13 (16.9) 6 (5.4)

   4 5 (2.6) 5 (6.5) 0 (0.0)
Data are shown in frequencies (%) , except where reported otherwise.

Total burden of cSVD 
Ninety-one patients (48.1%) had none of the silent MRI markers for cSVD, and 5 patients 
(2.6%) presented with all 4 markers. For patients with 1,2 or 3 markers, the presence of the 
cSVD markers within each category is shown in table 2 and the distribution of combinations 
is shown in figure 1. Age increased significantly with increasing categories (0-4) of total 
burden of cSVD (54.4±12.4; 60.6±9.3; 65.5±11.2; 70.6±9.1; 77.8±6.0 years respectively, 
p<.001). Sex was not significantly different across the categories. 
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Figure 1. Distribution of (combinations of) cSVD manifestations according to total burden of cSVD

a) Percentages of each lesion when one lesion is present b) Percentages of the combinations when two lesions are 
present c) Percentages of the combinations when three lesions are present. LAC= asymptomatic lacunar infarcts; 
WML= white matter lesions; BMB= brain microbleeds; EPVS= enlarged perivascular spaces

Table 2. Distribution of cSVD manifestations according to total burden of cSVD   

Category 1 Category 2 Category 3

Asymptomatic infarct 18 (43.9) 24 (72.7) 15 (78.9)

White matter lesions 3 (7.3) 12 (36.4) 14 (73.3)

Brain microbleeds 7 (17.1) 6 (18.2) 11 (57.9)

Enlarged perivascular spaces 13 (31.7) 24 (72.7) 17 (89.5)
Data are shown in frequencies (%). 

Association with cognitive function
Figure 2 shows the mean Z-scores on each of the cognitive domains, stratified by cSVD cate-
gory. Correlation analyses revealed significant negative correlations between cSVD category 
and all cognitive domains (all p<.001). When we adjusted for age and sex in the analyses, re-
sults remained significant for information processing speed and overall cognition (table 3). 

Table 3. Correlation analyses between total burden of cSVD and cognitive function

Model 1 correlation coefficient Model 2 correlation coefficient

Memory -.333‡ -.108

Executive function -.312‡ -.129

Information processing speed -.438‡ -.181*

Overall cognitive function -.407‡ -.178*
Model 1: bivariate correlation analyses. Model 2: Correlation analyses with adjustment for age and sex. 
* p<.05
‡ p<.001
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For the test of trend using linear regression analyses we found significant negative associa-
tions between cSVD category and all cognitive domains. When we adjusted for age and sex, 
results remained significant for information processing speed (β= -.154; 95% CI= -.254 to 
-.054, p=.003) and overall cognition (β= -.099; 95% CI= -.183 to -.016, p=.019). Results for 
executive function were borderline significant (β= -.087; 95% CI= -.181 to .007, p= .070). 
Frequencies for the different combinations within each category were too small in order to 
compare cognitive function. 

Figure 2. Mean Z-scores on each of the cognitive domains, stratified by cSVD category. cSVD = cerebral small 
vessel disease

Discussion
We demonstrated that accumulation of MRI markers of cSVD, expressed by the co-occur-
rence of these markers, is associated with decreased performance on all cognitive domains. 
After adjustments for age and sex, results remained significant for information processing 
speed and overall cognition. 
The present literature mainly focused on the effect of single markers of cSVD on cognitive 
function , but no study has ever investigated the effect of the total burden of cSVD, expressed 
by all four MRI features that are now recognized as markers of cSVD, on cognitive function 
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before. Our results extend the results of Baune et al11 who found that the occurrence of two 
different MRI features (WMLs and lacunar infarcts) was associated with stronger reductions 
of cognitive function than the occurrence of one lesion only. 
A recent study25 proposed a pathology score for extent of cSVD and showed a relation be-
tween severity of cSVD pathology and cognitive impairment. From our results, it can be 
speculated that the co-occurrence of several different lesions represents more severe and 
extensive cSVD with more subcortical microstructural brain damage, resulting in cognitive 
dysfunction. However, the cross-sectional nature of our study prevents statements about cau-
sality. Longitudinal studies following increase of MRI markers and cognitive decline over 
time are needed in order to confirm a causal relationship between total burden of cSVD and 
cognitive function. 
We do not know whether one silent MRI marker has more effect on cognition than the other 
marker. Regarding different combinations of cSVD markers, we were not able to compare 
cognitive function within each category of cSVD due to low frequencies. When higher num-
bers of patients can be included in future studies, it would be interesting to study whether one 
marker has a different effect weight than the other, or whether specific combinations of cSVD 
markers are associated with decreased cognitive performance more than others. 
The major strength of this study is the extensive neuropsychological assessment which made 
it possible to evaluate cognitive function in several domains. The fact that the domain of 
information processing speed was most strongly and significantly related to cSVD, is in line 
with other studies that report information processing speed as one of the most affected cogni-
tive domains in patients with cSVD26. 
Limitations of our study are mainly situated in the construction of the cSVD scale. We did not 
take into account all aspects, like the extent, location or progression of each cSVD marker. 
Based on previous literature of cSVD3, 17, we rated only deep BMBs and basal ganglia EPVS. 
However, we did not integrate for example the number of asymptomatic lacunar infarcts 
or number of BMBs, although it was recently found that a higher number of infarcts27 or 
BMBs28 is associated with decreased cognitive performance. We dichotomized each marker 
which might lead to loss of power and information, and cut-off points may be arbitrary, al-
though chosen with arguments. Nevertheless, according to a recent review by Wardlaw et al10 
on neuroimaging aspects of cSVD, approaches that try to capture the total cSVD burden on 
MRI are needed and we made a first attempt that is now open for further discussion, testing 
and refinement.  Another limitation is the variable MRI field strength that was used in our 
population. It was found that more BMBs can be detected at 3T than at 1.5T29 and this might 
have led to overrating in some of our patients. However, analyses with a correction for field 
strength did not change our results (results not shown). A final but important limitation is the 
mixed population of lacunar stroke and hypertensive patients, although both groups are at 
considerable risk of silent cSVD. The symptomatic stroke could have had a negative impact 
on cognitive function although we feel that the background silent cSVD is a more important 
determinant of cognitive function30. 
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In conclusion, we tested a new approach to capture total brain damage resulting from cSVD. 
We found that accumulation of MRI markers of cSVD is associated with decreased perform-
ance on tests of information processing speed and overall cognition, implying that accumu-
lating brain damage is accompanied by worse cognitive functioning. We suggest further lon-
gitudinal studies in more homogeneous patient samples, and studies including more patients 
with higher prevalence of cSVD features in order to refine our cSVD scale and to be able to 
investigate whether specific combinations of cSVD markers are associated with decreased 
cognitive performance. 
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General discussion and future perspectives

Cerebral small vessel disease (cSVD) refers to a cluster of pathological mechanisms with 
varying etiologies  that affects the small perforating end-arteries, arterioles, venules and cap-
illaries in the brain1. Clinical symptoms of cerebral small vessel disease (cSVD) can be di-
vided in acute symptoms, such as a lacunar stroke syndrome, and subacute symptoms such as 
cognitive impairment2. Hypertension is a major risk factor for cSVD3 and cognitive decline, 
but the mechanisms underlying hypertension-related cognitive decline are complex and not 
yet fully understood. 
The general aim of this thesis was to explore the association of vascular and brain imaging 
markers with cognitive function in patients with or at risk for cSVD. Besides the well-known 
and well-investigated lacunar infarcts and white matter lesions (WMLs) as brain imaging 
markers of cSVD, brain microbleeds (BMBs) and enlarged perivascular spaces (EPVS) have 
recently been recognized as markers of cSVD4, 5 but their effect on cognitive function in pa-
tients with or at risk for cSVD has not been investigated. The effects on cognitive function 
of certain aspects of vascular function, such as vascular stiffness measured by pulse wave 
velocity, in cSVD are also largely unknown. 
Within the spectrum of vascular diseases, we studied patients at risk for cSVD (with hyper-
tension and congestive heart failure; part I and II respectively) and patients with manifest 
cSVD (with lacunar stroke; part III). Overall, the studies described in this thesis are based on 
cross-sectional data, except for some studies in the hypertensive population. These patients 
participated in a longitudinal study with a brain MRI and pulse wave velocity measurements 
at baseline and a brain MRI and a neuropsychological assessment at 5-years follow-up. 
In this chapter the main results of this thesis are summarized, put into perspective, and impli-
cations for future research are discussed. The first part of this general discussion will focus 
on predictors for cognitive function in patients with or at high risk for cSVD. The second 
part will focus on interfering factors, which we encountered during studying the association 
between cSVD and cognitive function, being age and the study population. 

1. PREDICTING COGNITIVE FUNCTION IN PATIENTS WITH 
OR AT RISK FOR CSVD

1.1 Hemodynamic factors
In chapter 5 we showed that almost 10% of patients with congestive heart failure (CHF) 
presented with severe cognitive impairment (SCI), especially those with more severe CHF. 
Recent studies indicate that autoregulation of cerebral blood flow is not able to protect the 
brain from hypoperfusion in case of reduced cardiac output or prominent atherosclerosis6 and 
might consequently impair cognitive functioning. Jefferson et al7 suggest this mechanism to 
be the direct pathway between reduced cardiac output and abnormal brain aging. However, 
possible intermediate pathways should also be considered as a link between reduced cardiac 
output and abnormal brain aging. 
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There is emerging evidence that aortic stiffness might be considered one of these intermedi-
ate pathways. The hemodynamic effects include a loss of windkessel function, which causes 
an increase of pulsatile energy, and transmission of the increased pulsatile energy into the 
cerebral microcirculation is facilitated8. This will eventually lead to microvascular damage 
and impaired cognitive function. In chapter 3 we investigated arterial stiffness, a surrogate 
marker for hypertension, as a predictor for cognitive function in patients with essential hy-
pertension. We found that increased arterial stiffness predicts cognitive function at follow-up, 
but not independently of age and WML volume. This finding supports the “cerebral micro-
vascular hypothesis” for intellectual deterioration in patients with arterial stiffness9. This 
hypothesis states that microvascular damage such as lacunar infarcts, WMLs and BMBs are 
caused by high pulsatile pressures and flow in the cerebral microvessels and may in turn af-
fect cognitive function. Our findings also fit with the theoretical model of Jefferson et al7, in 
which an intermediate pathway exists (in this case arterial stiffness) between reduced cardiac 
output and abnormal brain aging. 
It might be suggested that aortic stiffness is not the only parameter involved in microvascular 
damage, but also the total cerebral blood flow (tCBF). Van Elderen et al10 found that both aor-
tic stiffness and increased tCBF contributed to white matter atrophy in patients with diabetes 
mellitus type 1. tCBF and brain volumes have been associated with each other before11, 12 and 
an increased tCBF, particularly in the presence of aortic stiffness, may cause additional pul-
satility to penetrate into and affect the microcirculation with subsequent cerebral tissue dam-
age10, 13, 14. Exact pathophysiological mechanisms and causal relationships however remain 
unknown and need further investigation. Unfortunately we did not include measures of tCBF 
in our study and as such we were not able to study whether this, possibly in combination with 
aortic stiffness, would have influenced cognitive function in our hypertensive population. 

1.2 Progression of cSVD
To reduce the rate of dementia in elderly patients with cardiovascular risk factors it is crucial 
to identify the factors responsible for the progression towards severe cognitive impairment 
and decline. cSVD is a frequent finding in older people with cardiovascular risk factors and 
may contribute to vascular dementia. Our results suggest that progression of cSVD over 5 
years predicted cognitive function at 5 years follow up better than cSVD at baseline or cSVD 
at 5 years follow up (chapter 4). Additionally, patients with large progression of cSVD al-
ready showed significant vascular damage at baseline. This is in line with recent results by 
the LADIS group and implies that once patients reach a certain threshold, they show more 
progression of cSVD as well as cognitive decline over time. Therefore, it is of great impor-
tance to prevent severe cSVD in order to arrest any further progression, and thereby reducing 
the risk of decreased cognitive functioning and vascular dementia. Although evidence for a 
beneficial effect of antihypertensive treatment on cSVD progression is inconclusive15, it has 
previously been shown that progression of WMLs was limited in adequately controlled hy-
pertensive patients16, 17. Others showed that progression of WML load was reduced by active 
blood pressure lowering in patients with cerebrovascular disease18, for whom the greatest 
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beneficial effect on WML progression was found in patients with severe WMLs at baseline. 
An earlier report showed a relative risk reduction of 34% for dementia and 45% for cognitive 
decline in patients with the active treatment, but only in patients with recurrent stroke19. In 
patients without recurrent stroke, no risk reductions were found. Apparently, the impact of a 
recurrent symptomatic infarct on cognitive function is much larger than the progression of 
silent WMLs and additional treatment options for the arrest or prevention of progression of 
silent cSVD markers should be sought. 

1.2a Lessons learned

   
   * The association between arterial stiffness and cognitive function might be mediated 
     by WMLs. 
   * Patients with the most microvascular damage at baseline are those who also show 
     the most progression of cSVD over time. 
   * Progression of cSVD over 5 years predicts cognitive function at 5 years follow up 
     better than cSVD at baseline or cSVD at 5 years follow up
   * SCI is a frequent finding in CHF patients and is more often present in patients with 
     more severe CHF. 

1.2b Implications for future research
One of the limitations of our study concerns the design with the absence of a neuropsy-
chological assessment at baseline (and PWV measurements at follow-up), which prevents 
statements about causality. Longitudinal studies following increase of arterial stiffness or 
progression of cSVD and cognitive decline over time are needed to confirm a causal relation-
ship between the two. Since cognitive function varies only little over time, particularly in 
younger populations, follow-up is suggested to be extended in future studies. Additionally, 
tCBF could be taken into account and an interaction effect with arterial stiffness on cognitive 
function could be investigated to provide further clues to the etiology of cognitive deteriora-
tion in patients with arterial stiffness. 
Regarding CHF, future studies are suggested to investigate possible pathophysiological 
mechanisms for cognitive impairment in patients with CHF. Measures of brain perfusion 
and microvascular damage could be taken into account to investigate this in preferably lon-
gitudinal follow-up studies. Additionally, elaborate neuropsychological testing is advised to 
provide insight into specific cognitive (dys)functions in patients with CHF. It would be high-
ly clinically relevant to study whether specific cognitive functions improves when cerebral 
blood flow is restored after cardiac intervention. 

1.3 Total MRI burden of cSVD
Regarding EPVS, we demonstrated that an increase in basal ganglia EPVS was associated 
with a decrease in information processing speed, independent of age and WMLs (chapter 
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9). This not only emphasized that specifically EPVS in the basal ganglia are associated with 
cSVD, but also with cSVD-related decreases in cognitive performance. Regarding BMBs, 
we found that BMBs are highly prevalent in a cSVD population, but that neither its presence 
(chapter 8), nor its progression (chapter 4), was associated with any of the cognitive domains, 
independent of other markers of cSVD. These results suggest that BMBs are, most likely, a 
marker of cSVD severity, without having a direct and independent effect on cognitive func-
tion in this population. 
This led us to the question whether studies on single cSVD markers (and its relation to 
cognition) are of any value, since all these markers are part of the same disease process and 
correlate so strongly with each other. The present literature mainly focused on the effect of 
single markers of cSVD on cognitive function and rarely on the combined effect of all neu-
roimaging markers. In this thesis we made a first attempt to construct a total burden score for 
cSVD and related this to cognitive function. With this, we tried to capture the overall severity 
of cSVD, avoiding the focus on direct effects of single MRI markers. We demonstrated that 
accumulation of the total burden of cSVD, expressed by the co-occurrence of the different 
MRI markers of cSVD, is associated with decreased cognitive performance (chapter 10). It 
can be speculated that the co-occurrence of several different lesions represents a more severe 
stage of cSVD with more subcortical microstructural brain damage, resulting in cognitive 
dysfunction. Since we also found significant results of an independent variable (increasing 
blood pressure32) in relation to an increasing burden of cSVD, as well as significant results 
of an increasing burden of cSVD with a dependent variable (cognitive function), we feel that 
this might be an indication of the added value of incorporating multiple markers of cSVD in 
one variable. 

1.3a Lessons learned

1.3b Implications for future research
We made a first attempt to assess the overall burden of cSVD in relation to cognitive func-
tion. Longitudinal studies following increase of MRI markers and cognitive decline over 
time are needed in order to confirm a causal relationship between total burden of cSVD and 
cognitive function. Additionally, larger and possibly more homogeneous samples need to be 
studied in order to confirm our results. We used a mixed population of lacunar stroke and hy-
pertensive patients, although both groups are at considerable risk of silent cSVD, most prob-

   
   * BMBs in our population are, most likely, a marker of cSVD severity, without having 
     a direct and independent effect on cognitive function.
   * Specifically EPVS in the basal ganglia are associated with cSVD and with cSVD-
     related decreases in cognitive performance.
   * Accumulation of the total burden of cSVD markers is associated with a decreased 
     performance on tests of information processing speed and overall cognition. 

Proefschrift0712.indd   141 09.12.2013   08:40:32



     
      142            Chapter 11

ably due to hypertension-related occlusive arteriolosclerosis. The symptomatic stroke could 
have had a negative impact on cognitive function although we feel that the background silent 
cSVD is a more important determinant of cognitive function20. Regarding different combina-
tions of cSVD markers, we were not able to compare cognitive function within each category 
of cSVD due to low frequencies. When higher numbers of patients can be included in future 
studies, it would be interesting to study whether specific combinations of cSVD markers are 
associated with decreased cognitive performance. 

2. INTERFERING FACTORS

2.1 The effect of population 
The relationship between cSVD and cognitive function is widely studied and has been re-
ported in various populations. Grossly, studies on cSVD can be categorized in population 
studies, studies on patients with cardiovascular risk factors, studies on patients with cSVD 
based on neuroimaging and studies on patients with cSVD symptomatology. Dependent on 
the study population associations between cSVD and cognitive function may vary widely 
from non-existent to extensive (chapter 2).
Each study population has its advantages and disadvantages and the choice is mainly depend-
ent on the research question. In general, one of the issues is that studies with older patients in-
clude survivors, which implies that relatively healthy patients were included21. Another issue 
is the fact of a certain inclusion bias: patients participating in research projects that include a 
detailed assessment at a hospital tend to be less affected than those who refuse participation21. 
Population studies have the advantage of large numbers of patients, but on the other hand 
there is also a large heterogeneity in cardiovascular risk factor profiles and higher prevalence 
of co-morbidities. Additionally, since there is no homogeneity regarding the pathophysiol-
ogy underlying the cSVD markers, conclusions on a possible relationship between cSVD 
markers and cognitive function cannot be generalized. In hospital studies, generalizability to 
the overall population is a problem as well. Generally, hypertension is treated by a general 
practitioner. More difficult cases, due to for example difficulty of treatment or co-morbidi-
ties, are referred to a hospital. Consequently, this may have different implications regarding 
the relationship with cSVD and cognitive function. Additionally, an underestimation of the 
effect of hypertension might be present due to more aggressive risk factor management in 
these patient groups. The RUN-DMC study22 suggested that the selection of subjects with 
cSVD should be based on the more consistent, generalizable features of cSVD, namely neu-
roimaging. Since the onset of cSVD is often insidious, clinically heterogeneous and often 
with mild symptoms, the diagnosis of patients with cSVD is often difficult based on clinical 
symptoms alone. The rationale of the Leukoaraiosis And Disability (LADIS) study23 was to 
include all patients who were incidentally found to have WMLs on MRI or CT, performed for 
non-specific reasons, in order to reflect the various settings in which patients with WMLs can 
be encountered. It was suggested that this heterogeneous composition of the sample has the 
advantage to be better translated to the total population of patients with WMLs. Additionally, 
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other causes of leucoencephalopathy, such as inflammatory, infectious and metabolic proc-
esses could in this way be included, and not only WMLs of possible microvessel origin. An 
advantage of including patients in this way is the fact that large numbers of patients can be 
included for study purposes in a relatively short time period, since one does not have to wait 
for clinical symptoms to arise. Again, homogeneity regarding the pathophysiology underly-
ing these cSVD markers might be a problem. 
Some studies included patients from a memory clinic. Besides the expression of symptomatic 
cSVD as a lacunar syndrome, it may also express itself as cognitive impairments. Vascular 
dementia is the second most common form of dementia and the prevalence of cSVD in a 
memory clinic setting may therefore be relatively high. However, besides cognitive impair-
ments due to cSVD, decreased cognitive function may also be the result of other underlying 
pathologies, such as Alzheimer’s Disease (AD). Due to the underlying pathology, relation-
ships between cSVD and cognition may differ. Results on the relationship between BMBs 
and cognition, for example, are inconsistent, most probably due to the use of different study 
populations. Cortically located BMBs have been suggested to be attributable to cerebral 
amyloid angiopathy24, while BMBs in the basal ganglia and thalamus have been specifi-
cally linked to hypertensive small vessel vasculopathy4, 25, 26. Therefore, cortical BMBs are 
expected in patients with AD and deep BMBs in patients with hypertension or lacunar stroke. 
Cognitive profiles may consequently be different. 
The rationale for choosing our hypertensive and lacunar infarct population to study the as-
sociation between cSVD and cognitive function is that both populations are at risk for cSVD, 
most probably due to hypertension-related occlusive arteriolosclerosis. In this way, one can 
create a sample which shows a high homogeneity regarding cSVD pathophysiology. Al-
though we agree that the symptomatic stroke could have had a negative impact on cognitive 
function, we feel that the background silent cSVD is a more important determinant of cogni-
tive function20.

2.2 The effect of age
Although we often found significant associations between cSVD and cognitive function, re-
lationships often disappeared after correction for age. This is a very common and well-known 
problem in scientific studies on cSVD and cognitive function. Although age is a very impor-
tant factor for cSVD as well as cognitive function and results often disappear after correction 
for age, this does not mean that cSVD has no role at all in cognitive function. 
Van Boxtel27 stated in his thesis that the actual age effect on cognitive function is nothing 
more than an accumulation of effects of covert (age-related) variables that need to be identi-
fied. This implies that the relation between chronological age and cognitive function is medi-
ated by age-related variables that are linked to the chain of neurobiological events that even-
tually lead to cognitive decline. Figure 1 depicts the relationships between age, the mediator 
variable and cognitive function. The Venn diagram next to it represents the total proportion of 
variance in each variable, which, to some extent, may be shared with the other variables.
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Figure 1. Relationship between age, mediator variable and cognition. Adapted from Salthouse28

In case of cSVD as the mediator between age and cognition, our results are presented as the 
combined areas of 1 and 3. However, the independent effect of cSVD on cognitive function 
is represented by area 3 only. Since our results lost significance after correction for age, area 
3 is most probably rather small in comparison to area 1. This does not mean there is no ef-
fect of cSVD on cognitive function, but most probably larger numbers of patients need to be 
included to find larger independent effects. Additionally, it can be suggested to investigate a 
birth cohort. 

2.2a Lessons learned

   * The effect of cSVD on cognitive function is highly dependent on the study population.
   * Large numbers of patients need to be included in order to reveal the effects of cSVD 
     on cognitive function, which might otherwise be overshadowed by the effect of age 
     on both cSVD and cognitive function. 

2.2b Future perspectives
Besides the mentioned interfering factors such as age and population, possible gene-envi-
ronment interactions can also be studied. General cognitive functioning shows a high herit-
ability29, but is also influenced by educational level and adult occupation. The “cognitive 
reserve theory” states that subjects with a higher cognitive reserve show a greater threshold 
before clinical deficits appear, or in other words: they show an increased ability to cope with 
increasing brain damage while still functioning adequately. Childhood cognition, educational 
attainment and adult occupation are all contributors to cognitive reserve30. 
Regarding genetic heritability, one can focus on genes that might influence cognition or the 
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expression of cSVD. CADASIL (Cerebral Autosomal Dominant Arteriopathy with Subcorti-
cal Infarcts and Leucoencephalopathy) is the most common form of hereditary stroke disor-
der, and is caused by a mutation on the Notch3 gene. However, in this case there is no interac-
tion with environment.  One of the most well-known genes for cognitive decline, susceptible 
for interaction with the environment, is the APOE Ɛ4 gene, which increases the risk of late-
onset Alzheimer’s Disease (AD). However, as opposed to the genes involved in CADASIL, 
these genes only increase the risk for AD and are not direct causes. Genes involved in cSVD 
(angiotensin- converting enzyme insertion deletion polymorphisms, endothelial nitric oxide 
synthase polymorphisms) were also studied,  but results are inconsistent and could not be 
replicated31. These kind of studies most probably need very large multi-centred approaches. 

3. CONCLUSION
In conclusion, we suggest structural changes due to cSVD seen on neuroimaging to play an 
intermediate role between vascular markers and cognition. These neuroimaging markers do 
not all have a direct and independent effect on cognitive function, but together are a repre-
sentative of cSVD severity. For future studies on cognitive function in cSVD, we suggest 
that all neuroimaging markers should be incorporated in one variable. Age however, is a very 
important determinant of cSVD and cognition, and it will not be easy to separate its effects.  
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Summary

Cerebral small vessel disease (cSVD) refers to a cluster of pathological mechanisms with 
varying etiologies that affects the small perforating end-arteries, arterioles, venules and cap-
illaries in the brain. Manifestations of cSVD can be seen on magnetic resonance imaging 
and may include small focal areas of infarction (lacunar infarcts), hyperintense areas on 
T2- weighted and FLAIR images (white matter lesions [WMLs]), small dot-like hemosiderin 
deposits (brain microbleeds [BMBs]) and enlarged cerebrospinal fluid-filled cavities sur-
rounding the perforating arteries of the brain (enlarged perivascular spaces [EPVS]). 
Clinical symptoms of cSVD can be divided in acute symptoms, such as a lacunar stroke 
syndrome, and subacute symptoms such as cognitive impairment, mood disorders, gait dis-
turbances and urinary symptoms. Most of these subacute symptoms have been explained 
by a disconnection of prefrontal-subcortical circuits. Regarding cognition this may result 
in executive dysfunction and slowing of psychomotor speed, but also, though less promi-
nent, memory problems.  The general aim of this thesis was to explore the association of 
vascular and brain imaging markers with cognitive function in patients with or at risk for 
cerebral small vessel disease. Therefore, we studied three hospital-based populations with 
an increased risk for cSVD and cognitive impairment: patients with essential hypertension, 
patients with congestive heart failure and patients with lacunar stroke. 
Cerebral small vessel disease is associated with increasing age and vascular risk factors. 
Its MRI markers may be present in the healthy elderly population, but can also be expected 
in patients with vascular risk factors that affect the microvasculature, such as hypertension 
and diabetes, and in patients with clinical manifestations of cSVD, such as lacunar stroke 
patients. However, patients with large vessel occlusion (cortical stroke) and other cardiovas-
cular diseases, such as coronary artery disease and congestive heart failure (CHF), may also 
show MRI expressions of cSVD due to cerebral hypoperfusion. Consequently, associations 
between markers of cSVD and cognitive function have been found in population as well 
as hospital-based studies. In chapter 2 we reviewed the literature for associations between 
structural cerebrovascular lesions related to cSVD and cognitive function in patient groups 
with or at risk for cardiovascular disease. We included 50 studies. Results showed associa-
tions between WMLs and decreased cognitive function in all patient groups, affecting ex-
ecutive function, information processing speed and memory. Progression of cerebrovascular 
damage paralleled by cognitive decline was found by some. An increased risk for dementia 
in those with WMLs was confined to those with symptomatic cardiovascular disease. We 
suggested that standardization of neuroimaging and neuropsychological assessment might be 
helpful to compare cSVD and cognitive status across the cardiovascular spectrum. 
In this thesis, we further described three hospital-based populations with an increased risk for 
cSVD and cognitive impairment: patients with essential hypertension, patients with conges-
tive heart failure and patients with lacunar stroke. 
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PART I – HYPERTENSION
Hypertension is a major risk factor for cSVD and cognitive decline, but the mechanisms 
underlying hypertension-related cognitive decline are complex and not yet fully understood. 
Earlier we found that 20% of hypertensive patients showed advanced WMLs and that silent 
brain infarcts and BMBs were present in 29% and 15% respectively. Although hypertension 
constitutes a major risk factor for cSVD, it cannot account for all the risk of cognitive de-
cline. Therefore, other risk factors need to be investigated in order to disentangle the complex 
model of the pathogenesis of cSVD-mediated cognitive decline.  In chapter 3 we explored a 
“cerebrovascular mechanism” for decreased cognitive performance in hypertensive patients 
with arterial stiffness. We included 86 essential hypertensive patients and investigated base-
line pulse wave velocity in relation to cognitive function as well as cerebral small vessel dis-
ease imaging markers (white matter lesion volume, lacunar infarcts and brain microbleeds) 
at 5-year follow-up. We found that increased arterial stiffness is a predictor for WML volume 
progression and that increased arterial stiffness predicts cognitive function at follow-up, but 
not independently of age and white matter lesion volume. These findings support the “cere-
bral microvascular hypothesis” for intellectual deterioration in patients with arterial stiffness.
We also studied the association of progression of cSVD with cognitive function in hyper-
tensive patients, described in chapter 4. We included 112 essential hypertensive patients 
and studied cSVD markers (WML volume, lacunar infarcts and BMBs) at baseline and their 
progression in relation to cognitive function at 5-year follow-up. We found that progression 
of cSVD over 5 years predicts cognitive function at follow-up, independently of cSVD dam-
age at baseline. Patients with the largest progression of WMLs and progression of lacunar 
infarcts over 5 years follow-up had worse cognitive function compared to patients with the 
least or no progression.  Our results imply that even only minimal progression of cSVD has 
consequences for cognitive functioning. Prevention of progression of cSVD is therefore war-
ranted. 

PART II – CONGESTIVE HEART FAILURE
Evidence regarding an association between CHF and cognitive impairment is increasing and 
may include up to 50% of patients with CHF. Cognitive impairment may have significant in-
fluence on health outcome in patients with CHF, since they have to adequately manage their 
medication and diet, as well as to be alert on CHF symptoms. The exact pathophysiological 
mechanism of cognitive deficits associated with CHF is still unclear. In chapter 5 we aimed 
to assess the prevalence of severe cognitive impairment in elderly patients with CHF, its cor-
relates with CHF severity, and its effect on morbidity and mortality. In addition, we tested 
if changes in measures of CHF severity would result in changes of cognitive function. We 
included 611 patients from the Trial of Intensified versus standard Medical therapy in Eld-
erly patients with Congestive Heart Failure (TIME-CHF) and assessed cognitive function 
(Hodkinson Abbreviated Mental Test [AMT]) in relation to severity of HF (New York Heart 
Association [NYHA] class, N-terminal brain natriuretic peptides [NT-proBNP]) at baseline 
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and 18 months (N=382) and effects on hospitalization-free survival and mortality. SCI was 
present in 9.2% of patients at baseline, but only 20% of them had a diagnosis of dementia. 
The prevalence of SCI remained stable during follow-up. SCI was present at baseline more 
often in NYHA IV patients compared to NYHA II, but it was not related to NT-proBNP lev-
els. SCI was related to higher mortality, but not hospitalization-free survival. We concluded 
that SCI is a frequent, but often unrecognized finding in HF patients, but the influence of HF 
severity and its changes on cognitive function were less than hypothesized. 

PART III – LACUNAR STROKE
We recently found that around 30% of lacunar stroke patients are vitamin B12 deficient while 
in the normal elderly population this is only 10-15%. This deficiency was related to the de-
gree of periventricular white matter lesions (pWMLs). WMLs in turn are known to be related 
to depression, while post-stroke depressive symptoms have been associated with an increased 
risk of post-stroke fatigue. The prevalence of depression in lacunar stroke patients was found 
to be 35%. The prevalence of fatigue in these patients is 38%. So far, there are no data avail-
able on the relationship between vitamin B12 deficiency and either depression or fatigue in 
lacunar stroke patients. Besides fatigue and depression, vitamin B12 deficiency was also 
found to be related to decreased cognitive functioning. Since vitamin B12 deficiency is easily 
treatable with supplementation, possible effects on cognitive function and post-stroke fatigue 
and depression may have significant effects on quality of life after lacunar stroke. 
In chapter 6 we described levels of fatigue and depression in first-ever lacunar stroke patients 
with and without vitamin B12 deficiency. In 40 first-ever lacunar stroke patients vitamin 
B12 levels were determined and self-report questionnaires for fatigue and depression were 
completed three months after stroke. Lacunar stroke patients with vitamin B12 deficiency 
reported significantly more fatigue and depressive symptoms than those without. These pre-
liminary results suggested a relationship between vitamin B12 deficiency and increased lev-
els of fatigue and depression in lacunar stroke patients. If these findings could be replicated  
in a larger and general stroke sample, this would open treatment options and may improve 
quality of life after stroke. Consequently, in chapter 7, we described the results of a pilot 
study into the effect of vitamin B12 supplementation on cognitive function and fatigue and 
depressive symptoms in lacunar stroke patients with vitamin B12 deficiency. We included 
14 first-ever lacunar stroke patients with vitamin B12 deficiency who received vitamin B12 
supplementation for at least 3 months. Before and after supplementation cognitive function 
was assessed and self-report questionnaires for fatigue and depression were completed. We 
found a significant improvement in verbal learning, both on a group as well as on individual 
level. Although fatigue and depressive symptoms decreased, this did not reach significance. 
Despite the limitations of this pilot study, the results justify future multi-centre randomized 
controlled trials to study the effect of vitamin B12 supplementation on cognition, depression 
and fatigue in lacunar stroke patients. 
The relation between lacunar stroke and cognitive function has been well established in the 
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present literature and risk factors for decreased cognitive performance or cognitive decline 
have been widely studied. Brain atrophy, and cSVD markers as WMLs and lacunar infarcts 
have been suggested as risk factors for decreased cognitive function before. More recently, 
BMBs and EPVS have also been recognized as markers of cSVD. In chapter 8 we described 
the presence of BMBs in patients with a high risk for cSVD (essential hypertensive and first-
ever lacunar stroke patients) and studied associations of presence, number and location of 
microbleeds with cognitive function, independent of other markers of cSVD. We included 
188 patients (112 hypertensive patients and 76 first-ever lacunar stroke patients). We rated 
the presence and number of BMB and distinguished deep, lobar and infratentorial BMBs. 
The presence of other markers of cSVD such as (silent) lacunar infarcts and white matter 
lesions was also rated. BMBs were present in 21% of our sample. Patients with BMBs sig-
nificantly more often presented with the other markers of cSVD. The presence of BMBs was 
not associated with any of the cognitive domains after correction for the other markers of 
cSVD and age. We concluded that BMBs are highly prevalent in a population with cSVD and 
co-occur with other markers of cSVD. Instead of an independent relationship, BMBs most 
likely are a marker of cSVD severity, without having a direct effect on cognitive function in 
this population. 
In chapter 9 we described the relationship between EPVS and cognitive function. Although 
EPVS have been related to cSVD, its clinical consequences in patients with a high risk for 
cSVD are unknown. EPVS were rated in the basal ganglia (BG) and centrum semiovale 
(CSO). We found negative correlations between EPVS in the BG and all cognitive domains, 
independent of WMLs. After correction for age, results remained significant for information 
processing speed only. We demonstrated that more BG EPVS were associated with a de-
crease in information processing speed, independent of age and WMLs. This emphasizes that 
specifically EPVS in the BG are associated with cSVD, and with cSVD-related decreases in 
cognition.
The markers of cSVD have all been individually linked to cognitive functioning, often ad-
justed for each of the other manifestations. However, no data are available on the clinical 
consequences of the total burden of cSVD, thus the co-occurrence of two or more markers of 
cSVD. It might be suggested that the combined occurrence is associated with stronger reduc-
tions in cognitive function than each of the lesion types alone. In chapter 10 we investigated 
whether a higher total burden of cSVD was associated with a decreased performance in cog-
nitive function. We included 189 patients of the above mentioned patient groups and rated 
the presence of any asymptomatic lacunar infarct, extensive WMLs, any deep BMB, and 
moderate to extensive EPVS in the basal ganglia. The presence of each marker was summed 
to an ordinal score between 0 and 4 and we investigated possible associations with domains 
of cognitive function (memory, executive function, information processing speed and overall 
cognition). We tested a new approach to capture total brain damage resulting from cSVD and 
found that accumulation of MRI burden of cSVD is associated with decreased performance 
on tests of information processing speed and overall cognition, implying that accumulating 
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brain damage is accompanied by worse cognitive functioning. 
In chapter 11 we discussed the several predicting factors for cognitive function in the patient 
populations described in this thesis. Additionally, we discussed interfering factors in these 
studies, such as the effect of population and age. In conclusion, we suggested structural 
changes due to cSVD seen on neuroimaging to play an intermediate role between vascular 
markers and cognition. These neuroimaging markers do not all have a direct and independent 
effect on cognitive function, but together are a representative of cSVD severity. For future 
studies on cognitive function in cSVD, we suggested that all neuroimaging markers should 
be incorporated in one variable. Age however, is a very important determinant of cSVD and 
cognition, and it will not be easy to separate its effects.  
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Samenvatting

Cerebral small vessel disease (cSVD), ziekte van de kleine hersenvaten, verwijst naar een 
cluster van pathologische mechanismen met verschillende etiologieën, die de kleine perfor-
erende eindarterieën, arteriolen, venulen en capillairen in het brein aantasten. Uitingen van 
cSVD zijn zichtbaar op MRI en kunnen het volgende omvatten: kleine focale infarceringen 
(lacunaire infarcten), hyperintense gebieden op T2-gewogen en FLAIR beeldvorming (witte 
stof afwijkingen [WSAs]), kleine puntvormige hemosiderine-afzettingen (microbloedingen) 
en verwijde, met hersenvocht gevulde ruimtes, die de perforerende arterieën omgeven (ver-
wijde perivasculaire ruimtes [VPRs]). 
Klinische symptomen van cSVD kunnen onderverdeeld worden in acute symptomen zoals 
een lacunair syndroom, en subacute symptomen zoals cognitieve en stemmingsstoornissen, 
loopproblematiek en problemen met urineren. De meeste van deze subacute symptomen kun-
nen verklaard worden door een storing in de verbinding tussen de prefrontale en subcorti-
cale hersengebieden. Wat betreft cognitie kan dit resulteren in executief disfunctioneren, een 
vertraging in de psychomotore snelheid, maar ook geheugenproblematiek, hoewel de laatste 
minder voorkomt. Het algemene doel van dit proefschrift was het verkennen van de asso-
ciatie tussen vasculaire en beeldvormingsmarkers en het cognitief functioneren. Hiervoor 
hebben we drie ziekenhuispopulaties onderzocht met een verhoogde kans op cSVD en cog-
nitieve stoornissen: patiënten met essentiële hypertensie, patiënten met congestief hartfalen 
en patiënten met een lacunaire beroerte. 
cSVD is geassocieerd met een toenemende leeftijd en vasculaire risicofactoren. De uitingen 
van cSVD kunnen aanwezig zijn bij een gezonde ouderenpopulatie, maar worden met name 
verwacht bij patiënten met vasculaire risicofactoren die de microvasculatuur aantasten, zoals 
diabetes en hypertensie, en bij patiënten met klinische uitingen van cSVD, zoals patiënten 
met een lacunaire beroerte. Patiënten met een occlusie van de grotere vaten (corticaal infarct) 
en andere cardiovasculaire aandoeningen, zoals coronair vaatlijden en congestief hartfalen, 
kunnen echter ook uitingen van cSVD hebben, te wijten aan cerebrale hypoperfusie. Hier-
door kunnen associaties tussen cSVD markers en cognitief functioneren gevonden worden in 
studies met zowel de gezonde algemene populatie als ziekenhuispopulaties. 
In hoofdstuk 2 onderzochten we de literatuur om associaties te vinden tussen structurele 
cerebrovasculaire lesies te wijten aan cSVD en cognitief functioneren in patiëntgroepen met, 
of met een hoger risico op, cardiovasculaire ziektes. We includeerden in totaal 50 studies 
die aan de criteria voldeden. Associaties tussen WSAs en verminderd cognitief functioneren 
werden gevonden in alle patiëntgroepen, waarbij met name het executief functioneren, infor-
matieverwerkingssnelheid en geheugen aangetast waren. Progressie van cerebrovasculaire 
schade ging in sommige studies samen met een parallelle cognitieve achteruitgang. Een ver-
hoogd risico op dementie bij patiënten met WSAs leek voorbehouden te zijn aan degenen die 
al gediagnosticeerd waren met een cardiovasculaire ziekte. We concludeerden uiteindelijk 
ook dat standaardisatie van beeldvorming en neuropsychologisch onderzoek nuttig zou kun-

Proefschrift0712.indd   155 09.12.2013   08:40:43



     
      156            Chapter 12

nen zijn om de mate van cSVD en cognitieve status te vergelijken tussen deze groepen van 
het cardiovasculaire spectrum. 
We beschrijven in dit proefschrift drie ziekenhuispopulaties met een verhoogd risico op 
cSVD en cognitieve stoornissen: patiënten met essentiële hypertensie, patiënten met conges-
tief hartfalen en patiënten met een lacunaire beroerte. 

DEEL I – HYPERTENSIE
Hypertensie is een belangrijke risicofactor voor cSVD en cognitieve stoornissen. De pre-
cieze mechanismen die ten grondslag liggen aan deze hypertensie-gerelateerde cognitieve 
achteruitgang zijn echter nog niet geheel duidelijk. In eerdere studies vonden we dat 20% 
van de hypertensieve patiënten uitgebreide WSAs liet zien en dat stille herseninfarcten en 
microbloedingen aanwezig waren bij resepctievelijk 29% en 15% van de populatie. Ondanks 
dat hypertensie een van de belangrijkste risicofactoren voor cSVD is, kan het niet alle risico 
op cognitieve stoornissen verklaren. Daarom zullen er andere risicofactoren onderzocht moe-
ten worden om het complexe model van de pathogenese van cSVD-gemedieerde cognitieve 
achteruitgang te ontrafelen. 
In hoofdstuk 3 hebben we een “cerebrovasculair mechanisme” voor verminderd cognitief 
functioneren onderzocht in hypertensieve patiënten met arteriële stijfheid. We includeerden 
86 essentieel hypertensieve patiënten en onderzochten baseline pulse wave velocity (PWV), 
een maat voor arteriële stijfheid. We relateerden dit aan cognitief functioneren en aan cSVD 
(volume van WSAs, lacunaire infarcten en microbloedingen), gemeten op de 5-jaars follow-
up. We vonden dat arteriële stijfheid WSA volume kan voorspellen en dat verhoogde arteriële 
stijfheid een verminderd cognitief functioneren tijdens de follow-up voorspelt, maar niet 
onafhankelijk van leeftijd en WSA volume. Deze bevindingen ondersteunen de “cerebrale 
microvasculaire hypothese” om cognitieve achteruitgang bij patiënten met arteriële stijfheid 
te verklaren. 
We onderzochten ook de associatie van progressie van cSVD met cognitief functioneren bij 
hypertensieve patiënten, beschreven in hoofdstuk 4. We includeerden 112 essentieel hy-
pertensieve patiënten en onderzochten cSVD markers (WSA volume, lacunaire infarcten en 
microbloedingen) op baseline, evenals hun progressie, en relateerden dit aan cognitief func-
tioneren tijdens de 5-jaarsmeting. We vonden dat progressie van cSVD, gemeten over 5 jaar, 
cognitief functioneren op de 5-jaarsmeting voorspelt, onafhankelijk van de cSVD schade 
op baseline. Patiënten met de meeste progressie van WSAs en een vermeerdering van het 
aantal lacunaire infarcten na 5 jaar presteerden bovendien cognitief slechter dan patiënten 
met de minste progressie of zonder progressie. Deze resultaten impliceren dat zelfs mini-
male progressie van cSVD schade consequenties heeft voor het cognitief functioneren. Het 
voorkomen van progressie van deze schade is daarom van groot belang. 

DEEL II – CONGESTIEF HARTFALEN
Bewijs voor een associatie tussen congestief hartfalen en cognitieve stoornissen neemt toe 
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en tot wel 50% van deze patiënten kunnen last hebben van cognitieve stoornissen. Deze 
kunnen een zeer belangrijke invloed hebben op de gezondheidsuitkomst van deze patiënten, 
gezien ze medicatie adequaat moeten beheren en innemen, maar ook alert moeten zijn op 
symptomen van congestief hartfalen. Het exacte pathofysiologische mechanisme achter de 
cognitieve stoornissen in deze patiëntengroep is onduidelijk. Het doel van hoofdstuk 5 was 
het vaststellen van de prevalentie van ernstige cognitieve stoornissen bij oudere patiënten 
met congestief hartfalen. Daarnaast onderzochten we correlaties met de ernst van het hart-
falen, en de effecten hiervan op morbiditeit en mortaliteit. Hieraan toegevoegd, waren we 
ook geïnteresseerd of veranderingen in de ernst van het hartfalen gerelateerd waren aan ve-
randeringen in het cognitief functioneren. We includeerden 611 patiënten van de Trial of In-
tensified versus Standard Medical therapy in Elderly patients with Congestive Heart Failure 
(TIME-CHF) en evalueerden het cognitief functioneren (Abbreviated Mental Test) in relatie 
tot de ernst van het hartfalen (New York heart Association [NYHA]  klasse, N-terminal brain 
natriuretic peptides [NT-proBNP]) op baseline en na 18 maanden (N=382), en in relatie tot de 
effecten op ziekenhuisopnamevrije overleving en mortaliteit. Ernstige cognitieve stoornissen 
kwamen voor bij 9.2% van de patiënten op baseline, terwijl maar 20% van hen een diagnose 
dementie had. De prevalentie van ernstige cognitieve stoornissen bleef stabiel gedurende de 
follow-up. Ernstige cognitieve stoornissen kwamen vaker voor bij patiënten in NYHA klasse 
IV dan in NYHA klasse II op baseline, maar waren niet gerelateerd aan NT-proBNP levels. 
Ernstige cognitieve stoornissen waren gerelateerd aan een hogere mortaliteit, maar niet aan 
ziekenhuisopnamevrije overleving. We concludeerden dat ernstige cognitieve stoornissen 
frequent voorkomen in deze groep patiënten met hartfalen, maar vaak niet herkend worden. 
Desondanks was de invloed van de ernst van het hartfalen op het cognitief functioneren 
minder dan verwacht. 

DEEL III – LACUNAIRE BEROERTE
Recent vonden we dat ongeveer 30% van de patiënten met een lacunaire beroerte een vita-
mine B12 tekort vertoonden, terwijl in de normale oudere populatie dit maar 10-15% bedraa-
gt. Dit tekort bleek gerelateerd aan de mate van periventriculaire WSAs. WSAs zijn op hun 
beurt gerelateerd aan depressie, terwijl depressieve symptomen na een beroerte geassocieerd 
zijn aan een verhoogd risico op vermoeidheid na een beroerte. De prevalentie van depressie 
bij patiënten met een lacunaire beroerte bedraagt 35%. De prevalentie van vermoeidheid in 
deze groep is 38%. Tot nu toe is er niets bekend over de relatie tussen vitamine B12 tekort en 
depressie of vermoeidheid bij patiënten met een lacunaire beroerte. Naast vermoeidheid en 
depressie is vitamine B12 tekort ook gerelateerd aan een verminderd cognitief functioneren. 
Omdat vitamine B12 tekort gemakkelijk te behandelen is met het suppleren ervan, kunnen 
mogelijk effecten op cognitief functioneren en vermoeidheid en depressie na een beroerte 
belangrijke effecten hebben op de kwaliteit van leven na een lacunaire beroerte. 
In hoofdstuk 6 beschreven we de mate van vermoeidheid en depressie bij patiënten met een 
lacunaire beroerte met en zonder vitamine B12 tekort. We bepaalden de vitamine B12 spiegel 
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bij 40 patiënten met een lacunaire beroerte en lieten hen, drie maanden na de beroerte, vra-
genlijsten invullen over vermoeidheid en depressie. Patiënten met een vitamine B12 tekort 
rapporteerden significant vaker depressieve en vermoeidheidsklachten dan degenen zonder 
tekort. Deze resultaten suggereren een relatie tussen een vitamine B12 tekort en een toe-
genomen mate van vermoeidheid en depressie bij patiënten met een lacunaire beroerte. Wan-
neer deze resultaten gerepliceerd kunnen worden in een grotere en algemene populatie met 
een beroerte, opent dit mogelijkheden voor behandeling en kan het de kwaliteit van leven na 
een beroerte verbeteren. Hierop aansluitend, beschreven we in hoofdstuk 7 de resultaten van 
onze pilot studie naar de effecten van vitamine B12 suppletie op cognitief functioneren en de-
pressieve en vermoeidheidsklachten bij patiënten met een lacunaire beroerte en een vitamine 
B12 tekort. We includeerden 14 patiënten met een lacunaire beroerte en een vitamine B12 
tekort. Vitamine B12 suppletie werd gegeven door de huisarts voor tenminste drie maanden. 
Voor en na deze suppletie stelden we het cognitief functioneren vast en werden vragenlijsten 
met betrekking tot vermoeidheid en depressie ingevuld. We vonden een significante verbeter-
ing van het verbaal leren, zowel op individueel als op groepsniveau. Depressieve en vermoei-
dheidsklachten namen af, maar niet statistisch significant. Ondanks de beperkingen van deze 
pilot studie, rechtvaardigen deze resultaten wel toekomstig multi-center gerandomiseerd en 
gecontroleerd onderzoek om de effecten van vitamine B12 suppletie op het cognitief functio-
neren, depressie en vermoeidheid te bestuderen in deze groep patiënten. 
De relatie tussen een lacunaire beroerte en cognitief functioneren is meermaals bevestigd in 
de huidige literatuur en ook risicofactoren voor afnemende cognitieve prestaties of cogni-
tieve achteruitgang zijn uitgebreid onderzocht. Atrofie van het brein en cSVD markers zoals 
WSAs en lacunaire infarcten werden al eerder genoemd als risicofactoren voor een vermin-
derd cognitief functioneren. Naast WSAs en lacunaire infarcten worden nu ook microbloed-
ingen en verwijde perivasculaire ruimtes erkend als markers voor cSVD. In hoofdstuk 8 
beschreven we de aanwezigheid van microbloedingen bij patiënten met een verhoogd risico 
op cSVD (essentiële hypertensiepatiënten en patiënten met een eerste lacunaire beroerte) en 
we bestudeerden associaties tussen de aanwezigheid, aantal en locatie van microbloedingen 
en cognitief functioneren, onafhankelijk van de andere markers van cSVD. We includeerden 
in totaal 188 patiënten (112 hypertensieve patiënten en 76 patiënten met een eerste lacunaire 
beroerte). We scoorden de aanwezigheid en aantallen microbloedingen en maakten daarin 
onderscheid tussen diepe, lobaire en infratentoriële microbloedingen. Ook scoorden we de 
aanwezigheid van andere markers van cSVD zoals (stille) lacunaire infarcten en WSAs. Mi-
crobloedingen waren aanwezig bij 21% van onze populatie. Patiënten met microbloedingen 
hadden ook significant vaker andere markers van cSVD. De aanwezigheid van microbloed-
ingen was echter niet geassocieerd met een van de cognitieve domeinen na correctie voor 
de andere cSVD markers en leeftijd. Hieruit concludeerden we dat microbloedingen wel 
frequent voorkomen in deze populatie met cSVD en vaak samen voorkomen met een van de 
andere cSVD markers. Maar in plaats van een onafhankelijke relatie, lijken microbloedingen 
eerder een marker te zijn van de ernst van de cSVD, zonder echt een direct effect te hebben 
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op het cognitief functioneren in deze populatie. 
In hoofdstuk 9 beschreven we de relatie tussen VPRs en cognitief functioneren. Ondanks 
dat VPRs eerder al gerelateerd zijn aan cSVD, zijn de klinische consequenties bij patiënten 
met een verhoogd risico op cSVD onbekend. VPRs werden gescoord in de basale ganglia en 
centrum semiovale. We vonden negatieve correlaties tussen VPRs in de basale ganglia en het 
cognitief functioneren op alle domeinen, onafhankelijk van WSAs. Na correctie voor leeftijd 
waren enkel de resultaten voor informatieverwerkingssnelheid nog statistisch significant. We 
toonden aan dat meer VPRs in de basale ganglia geassocieerd waren met een afname in infor-
matieverwerkingssnelheid, onafhankelijk van leeftijd en WSAs. Dit benadrukt dat specifiek 
de VPRs in de basale ganglia geassocieerd zijn met cSVD en cSVD-gerelateerde afnames 
van het cognitief functioneren. 
De markers van cSVD zijn allemaal individueel gelinkt aan cognitief functioneren, zelfs na 
correctie voor aanwezigheid van elk van de andere manifestaties. Er is echter niets bekend 
over de klinische consequenties van de totale schade van cSVD, dus het samen voorkomen 
van twee of meer cSVD markers. Het kan gesuggereerd worden dat het samen voorkomen 
van markers geassocieerd is met sterkere reducties van het cognitief functioneren dan elk 
van de lesies alleen. In hoofdstuk 10 onderzochten we of de aanwezigheid van meer uitin-
gen van cSVD geassocieerd was met een verminderde cognitieve prestatie. We includeerden 
189 patiënten van de bovengenoemde patiëntgroepen en scoorden de aanwezigheid van een 
asymptomatisch lacunair infarct, uitgebreide WSAs, een microbloeding, en gematigd tot uit-
gebreide VPRs in de basale ganglia. De aanwezigheid van elke marker werd uiteindelijk 
opgeteld tot een ordinale score tussen de 0 en 4. We bestudeerden associaties tussen deze 
score en alle cognitieve domeinen (geheugen, executief functioneren, informatieverwerking-
ssnelheid en algemene cognitie). Hiermee hebben we een nieuwe benadering getest om de 
totale schade in het brein, te wijten aan cSVD, te inventariseren in 1 variabele. We vonden dat 
een opeenstapeling van het aantal cSVD markers geassocieerd is met een slechtere prestatie 
op testen voor informatieverwerkingssnelheid en algemene cognitie. Dit impliceert dat cu-
mulerende hersenschade samengaat met een achteruitgang van het cognitief functioneren. 
In hoofdstuk 11 bespreken we de verschillende voorspellende factoren voor het cognitief 
functioneren van de patiënten populaties die beschreven werden in dit proefschrift. Daarnaast 
bespreken we interfererende factoren in deze studies, zoals het effect van de onderzochte 
populatie en het effect van leeftijd. Concluderend stellen we dat structurele veranderingen op 
beeldvorming, te wijten aan cSVD, een intermediërende rol spelen tussen vasculaire markers 
en cognitie. Deze cSVD markers hebben niet allemaal een direct en onafhankelijk effect op 
het cognitief functioneren, maar lijken eerder een maat te zijn voor de ernst van cSVD. We 
stellen voor om bij toekomstige studies alle markers van cSVD mee te nemen in 1 variabele. 
Leeftijd blijft echter een erg belangrijke determinant van zowel cSVD als cognitie en het zal 
moeilijk blijven deze effecten van elkaar te onderscheiden.
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Dankwoord

Het schrijven van een proefschrift is in vele opzichten een solistisch project. Gelukkig heb 
ik lang niet alles alleen moeten doen en heb ik het beste en leukste promotieteam dat ik me 
kon wensen. Daarnaast heb ik veel lieve mensen om me heen gehad die me hierin hebben 
geholpen en die ervoor zorgden dat ik elke dag weer met veel plezier naar mijn werk ging. 

“Jij anders in het midden?”
Prof. Dr. R.J. van Oostenbrugge, beste Robert. Ik leerde je kennen als de enorm drukke 
clinicus met de witte broek en doktersjas. Toen Jan ermee stopte en jij mijn dagelijks be-
geleider werd, was je net hoofd van de afdeling en hoofdopleider geworden en je had ook 
nog een tiental onderzoekers die je moest begeleiden. Gelukkig vond je tussen al deze werk-
zaamheden nog tijd om mijn 200 scans te beoordelen, mijn onderzoek en manuscripten te 
begeleiden en af en toe eens gezellig te komen kletsen. De afgelopen jaren hebben we elkaar 
steeds beter leren kennen, wat resulteerde in hilarische mails over frauderende psychologen, 
blondjes en oesters eten met Argentijnse profs. Een korte anekdote na afwijzing van major 
revisions van mijn review typeert je: “mbt de te bepalen auteursvolgorde: jij in het midden?” 
<Vandaag vind ik alles goed. Áls het maar gepubliceerd wordt > “heb hier nog wel een paar 
tissues liggen hoor”. Hierna kon ik weer lachen en heb ik het manuscript opnieuw ingestuurd. 
Tijdens je inauguratie bleek nog eens hoe geliefd en gewaardeerd je wordt. Ik vind het een 
eer dat ik je promovendus ben en ik hoop dat we nog lang mogen samenwerken, te beginnen 
met onze gezamenlijke promovenda Renske. 

“Consistentie!”
Dr. A.A. Duits, beste Annelien. Waar begin ik bij jou? Ik heb zoveel aan je te danken. In 
de eerste plaats deze promotieplek, en nu dankzij onder andere jouw inspanningen ook nog 
een opleidingsplek. Wauw! Vanaf het eerste moment dat ik solliciteerde voor een stageplek 
konden we het erg goed vinden, qua interesses binnen de psychologie, maar vooral ook per-
soonlijk. Jij was de nachtuil en ik het ochtendmens. Vaak stuurde je nog diep in de nacht 
revisies door van stukken en kon ik hier ’s ochtends meteen mee aan de slag. Hoe goed ik het 
ook probeerde, je kon me toch altijd pakken op punten, komma’s en vooral de consistentie. 
Dit kwam de manuscripten echt ten goede. Ik vind het echt een eer dat je zo je best voor mij 
hebt gedaan. Ik zal je voor altijd dankbaar zijn! 

“Nu kun je zeker weer een paar weken vooruit”
Dr. J. Staals, beste Julie. Wat een eer dat ik je eerste promovendus ben! Wat was je altijd 
kritisch, maar dat verwachtte ik ook van je. Hoeveel scans hebben we samen wel niet gezien? 
Eerst met jou alleen, dan met Robert en dan ook nog eens met zijn driëen. In je onderzoek-
stijd tijdens je opleiding heb ik je leren kennen als een zeer gefocust iemand. Julie hoorde 
je werkelijk niet als ze aan het nadenken was. Hierna werd je als neuroloog aangenomen op 
de afdeling en nu trek je samen met Robert het vasculair wetenschappelijk onderzoek. Dat 
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bewonder ik enorm. Het verschil tussen full time onderzoek doen en in de kliniek staan werd 
wel vaker duidelijk. Als je weer een manuscript van me had gereviseerd, zei je trots: “zo, nu 
kun je zeker weer een paar weken vooruit.” Als ik je dan bij de lunch zag, durfde ik bijna niet 
te zeggen dat ik je opmerkingen alweer verwerkt had. Een onvergetelijk moment vond ik ook 
toen we samen een kamer deelden in Londen en tot 1 uur ‘s nachts een manuscript hebben 
gereviseerd en analyses hebben uitgevoerd. Bedankt voor alles! 

“Nog vragen?”
Prof. dr. J. Lodder, beste Jan. Ik zal nooit het “sollicitatiegesprek” met je vergeten. Na een 
half uur monoloog van jouw zijde over het LACI-onderzoek tot dan toe, vroeg je me of ik 
“nog vragen” had. Vol ongeloof vroeg ik toen of ik was aangenomen. Dat vertrouwen heeft 
me goed gedaan. Eenmaal gestart kon ik altijd bij je binnenlopen, zodat ik een protocol kon 
schrijven voor mijn studies van de komende jaren. Helaas kwam het AZM vroegtijdig met 
een “offer you can’t refuse” en stopte je met werken. Ik was een promotieteamlid armer, 
maar de Belgische Tae Kwondobond een enorme fanatiekeling rijker. Bedankt voor je altijd 
kritische blik. 

Mijn paranimfjes Caroline en Els. Samen zaten we op de onderzoekskamer en we waren “de 
kleine Belg die in Nederland werkte”, “de Nederlander die eigenlijk een Belg was”, en de 
“Nederlander met de Belg die in België ging wonen”. Wat hebben we samen een lol gehad. 
Daarom staan jullie nu naast me. Super veel succes met het afronden van jullie opleiding en 
natuurlijk jullie eigen boekjes! 

Lieve onderzoekers en collega’s van de neurovasculaire onderzoeksgroep, Pim, Caroline, 
Ellen, Miesje, Debbie, Martine, Iris, Annelien, Saartje en Lies. Thanks voor alle lol op de 
congressen. Ik hoef maar 1 woord te zeggen: Tiger Tiger! 

Lieve Anouk. Je bent een prachtmens! Bedankt voor de inclusie van de patiënten en de leuke 
tijd en mooie gesprekken in Lissabon. 

Renske en Eleana, super veel succes met het verderzetten van, onder andere, het cognitief 
onderzoek binnen de vasculaire neurologie. Jullie maken er vast iets geweldigs van! 

Leon Henskens, Bram Kroon en Peter de Leeuw. Bedankt voor het mogen gebruiken van de 
baseline gegevens van de HYBRiD en het patiëntenbestand. Zonder jullie was dit onderzoek 
er niet geweest. 

Ed Gronenschild. Beste Ed, zonder jouw inzet had ik al mijn MRI’s voor niets gemaakt. Su-
per bedankt voor alles en geniet van je pensioen over een tijdje. 

Lieve Reinhilde, jij was de kip, ik het konijn. Dankjewel voor alle squash-partijen de afgelo-
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pen 6 jaren. Een vraag rest wel: zouden we meer caloriëen verbrand hebben met squashen of 
met onze slappe lach op het veld? Helaas heeft het ziekenhuis andere prioriteiten en zullen 
we het per 1 januari 2014 op een andere plek dan de squashbaan moeten gaan zoeken. 

Lieve pap, mam, Myrt, Pleen en Lauraatje. Het is soms lastig om elkaar te zien als je bijna 
allemaal in een ander land woont, maar wat hebben we het gezellig als we weer samen 
zijn.  Het liefste had ik jullie allemaal dichtbij, maar pap en mam hebben ons te veel reislust 
meegegeven. Ik hou van jullie en hoop dat jullie er allemaal bij kunnen zijn vandaag. 

Alex, lieveke. Om me te plagen heb je me vaker gevraagd of je wel in mijn dankwoord kwam. 
Nou, bij deze. Eigenlijk hoef ik hier niets te zeggen, dat weet je toch al allemaal. Kus!
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Curriculum Vitae

Marjolein Huijts werd geboren op 2 april 1984 in Eindhoven en groeide op in het Brabantse 
Bladel. In 2002 behaalde zij haar VWO-diploma aan het Pius X College te Bladel. Na uitlot-
ing voor geneeskunde vertrok zij in oktober 2002 voor 10 maanden naar Australië om te rei-
zen en werken. In augustus 2003 startte zij met de opleiding Psychologie aan de Universiteit 
Maastricht. Na een klinische- en onderzoeksstage op de afdeling Medische Psychologie van 
het Maastrichts Universitair Medisch Centrum (MUMC) rondde zij haar opleiding Psycholo-
gie, met de Master Neuropsychologie, in februari 2008 af. Van juni 2008 tot september 2012 
werkte zij als promovendus op de afdeling Neurologie van het MUMC onder leiding van 
Prof. Dr. R.J. van Oostenbrugge, Dr. J. Staals en Dr. A.A. Duits (afdeling Psychiatrie en Psy-
chologie). Hierna werkte ze als psycholoog bij de afdeling Psychiatrie en Psychologie van 
het MUMC en is ze momenteel werkzaam als psycholoog/ behandelaar bij een tweedelijns 
verslavingskliniek (Vincere-GGZ) in Sittard. Per 1 januari 2014 zal ze in opleiding zijn tot 
gezondheidszorgpsycholoog bij de afdeling Psychiatrie en Psychologie van het MUMC. 

Marjolein Huijts was born on the 2nd of April 1984 in Eindhoven and grew up in Bladel. She 
finished secondary school at the Pius X College in Bladel in 2002. When she wasn’t allotted 
a place to study medicine in the Netherlands, she decided to leave for Australia for 10 months 
in October 2002. In August 2003 she started to study Psychology at Maastricht University. 
She finished her training in Psychology, with a Master’s in Neuropsychology, in February 
2008 after a clinical and research internship at the Department of Medical Psychology at the 
MUMC. From June 2008 until September 2012 she worked as a PhD candidate at the De-
partment of Neurology of the MUMC under supervision of Prof. Dr. R.J. van Oostenbrugge, 
Dr. J. Staals and Dr. A.A. Duits (Department of Psychiatry and Psychology). Hereafter, she 
worked as a clinical psychologist at the Department of Psychiatry and Psychology of the 
MUMC and now works as a clinical psychologist in an addiction care clinic (Vincere-GGZ 
in Sittard). As of the first of January 2014 she will start her residency in Health Psychology 
at the department of Psychiatry and Psychology of the MUMC. 
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If you would like a digital version (pdf) of this thesis, please scan the following QR-code 
with your smartphone or tablet or type in the link below.

           PhD thesis                LinkedIn profile

Link: www.proefschriftmarjolein.weebly.com 

One can contact the author by email: M.Huijts@mumc.nl 
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The cover photo was kindly provided by Robert and Shana ParkeHarrison. It is titled “Guard-
ian” and is one of the photographs within the series of “Burn Season” of “Architect’s Broth-
er”. The twigs of the “wings” represent the small vessels in the brain. 

“Robert and Shana create works in response to the ever-bleakening relationship linking hu-
mans, technology, and nature. These works feature an ambiguous narrative that offers insight 
into the dilemma posed by science and technology’s failed promise to fix our problems, pro-
vide explanations, and furnish certainty pertaining to the human condition”. 
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