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Abstract
Objective: To assess whether Alzheimer’s disease (AD) patients with atypical 

MRI findings (absence of medial temporal lobe atrophy (MTA) or presence of 

extensive cerebro-vascular disease [CVD]) present with specific clinical and 

cognitive profiles. 

Methods: Screening data from an ongoing placebo-controlled trial of Meman-

tine in patients with probable AD were used (Lundbeck Neuroimaging study 

10112). We report data from 281 AD patients with a typical MRI, 51 without 

MTA and 35 with extensive CVD. Neuropsychological examination was per-

formed for all patients.

Results: Compared to patients with a typical MRI, patients with extensive 

CVD did not differ in neuropsychological performance. Patients without MTA 

performed better on tests of general cognition, executive function, language 

and orientation. In the whole sample, linear regression showed associations of 

MTA and global cortical atrophy with general cognition, language, executive 

function and orientation, whereas white matter hyperintensities showed more 

specific associations with executive function and language. 

Conclusions: Our findings support the idea that, despite differences in un-

derlying neuropathology, AD and vascular dementia share common clinical 

characteristics.
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Introduction
In the diagnostic work-up of Alzheimer’s disease (AD), MRI has established 

an important role.1,2 The hallmark of AD on MRI is the presence of atrophy, 

in particular medial temporal lobe atrophy (MTA).3,4 Besides the use in clinical 

practice, MRI markers are used in clinical trials, both as outcome measures 

and as screening tools. The application of MRI in patient selection could be of 

particular importance in light of the search for potentially disease-modifying 

therapies. It could be hypothesized that excluding patients with vascular find-

ings or without MTA increases the power of a trial investigating the effects of 

drugs that specifically target a pathological mechanism related to AD.

In clinical practice, an important use of MRI is the distinction between AD and 

vascular dementia (VaD). However, there often is a co-occurrence of vascular 

findings and markers of atrophy. It has been shown that vascular findings, es-

pecially the presence of white matter hyperintensities (WMH), occur more often 

in AD patients than in age matched controls.5 Likewise, within VaD patients, 

cortical atrophy and MTA are common findings.6,7 

Although there is consistent evidence of the correlation between cognitive im-

pairment and both global cortical atrophy8 and MTA,9 the correlation between 

WMH and impaired cognitive function is less clear. Some studies report an 

association between WMH and cognition,10,11 whereas others do not.8,12 WMH 

and measures of atrophy have been reported to be related to a specific profile 

of cognitive impairment. MTA has been reported to correlate with memory 

loss.13,14 Specific loss of executive function and mental speed has been at-

tributed to WMH,11,14-16 although none of these studies were conducted within 

an AD population. 

In the present study, we used the screening data from an ongoing clinical 

trial of patients with probable AD, in which MRI was used to exclude patients 

with atypical MRI findings, defined as (i) absence of MTA and (ii) presence of 

extensive cerebro-vascular disease (CVD), defined as fulfillment of radiologi-
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cal criteria for VaD.17 We investigated whether the presence of these atypical 

findings on MRI is associated with a different clinical profile. For this purpose, 

we compared demographics, clinical variables and cognitive performance be-

tween patients with and without these findings. Furthermore, we assessed the 

association between MRI findings and neuropsychological test performance 

across the entire sample. 

 

Methods
Patients

Screening data from the ongoing placebo-controlled trial of Memantine in 

patients with probable AD were used (Lundbeck Neuroimaging study 10112, 

H. Lundbeck A/S, Copenhagen, Denmark). Out of all AD patients that were 

screened between September 2005 and January 2008, 388 patients under-

went an MRI scan. Inclusion criteria for the study were: 50 years or older, a 

diagnosis of probable AD according to NINCDS-ADRDA18 criteria, mini mental 

status examination (MMSE) score19 of 12-20 (inclusive). The main exclusion 

criteria were: clinical evidence of neurodegenerative disorders other than AD, 

clinically significant somatic co-morbidity, systolic blood pressure >180 or <90 

mmHg, diastolic blood pressure >100 or <50 mmHg and a Modified Haschinski 

Ischaemia score20  >4. Use of cholinesterase inhibitors was not an exclusion 

criterion. Furthermore, patients who failed to meet pre-defined MRI criteria 

were excluded. Exclusion criteria based on MRI consisted of: absence of MTA; 

presence of extensive CVD; evidence on MRI of another neurodegenerative 

disorder (assessed by an experienced neuroradiologist); incidental findings 

such as a mass lesion or lobar hemorrhage. Prior to the start of the study, ab-

sence of MTA had been defined using a threshold of the visual rating scale for 

MTA21. Presence of extensive CVD was defined as fulfillment of the radiological 

NINDS-AIREN criteria for VaD.17,22 All patients gave written informed consent, 

and the study was approved by the local Medical-Ethical Committees of the 

participating centers. The study was conducted according to the principles of 

Good Clinical Practice and the Declaration of Helsinki.
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For the present study, we evaluated all patients who underwent an MRI scan, 

including those that were excluded as a consequence of the MRI assessment. 

The patients were divided into three groups: (1) patients who met MRI inclu-

sion criteria on screening MRI (further referred to as ‘typical MRI’), (2) patients 

excluded because of absence of MTA and (3) patients excluded because of 

presence of extensive CVD. Patients with both absence of MTA and extensive 

CVD (n=2), as well as patients excluded because of other reasons (n=19; 

radiological evidence of fronto-temporal lobar degeneration [n=12], other 

neurodegenerative disorder [n=1], or other reasons [n=6]) were not included in 

our analysis. Our population thus consisted of 367 patients; 281 with a typical 

MRI, 51 without MTA and 35 with extensive CVD. Clinical assessment at the 

screening visit consisted of medical history, physical and neurological exami-

nation, neuropsychological examination, clinical laboratory tests and ECG. We 

included the following variables in our analyses: Hachinski score, Body-Mass 

Index (BMI; weight [kg] / height [m]2), systolic and diastolic blood pressure 

(mmHg), medical history of hypertension, diabetes mellitus, hyperlipedemia, 

myocardial infarction and medical history of other thrombo-embolic events. 

Neuropsychology

MMSE was used as a measure of global cognitive function. Language and ex-

ecutive function were assessed by verbal fluency tests, comprising letter and 

category fluency tasks. Controlled oral word association test (COWAT)23 was 

used as letter fluency task, including the letters F, A and S. We used the mean 

score for these three letters in our analyses. Category fluency test consisted of 

the categories ‘animals’ and ‘fruit’, again, the mean of the scores on both tests 

was used for analyses. The Stroop test24 was used to assess attention, mental 

speed and executive function; we used the time to complete Stroop I (congru-

ent) and Stroop II (incongruent) as variables in our analyses. Furthermore, the 

orientation sub item of the ADAS-Cog25 was used as a separate variable. 
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MRI

MRI scans were acquired during the screening period (time window of ap-

proximately 3 weeks prior to randomization), on 1.5 Tesla machines at 14 

different sites. Scanning protocol included (1) a 3D T1-weighted sequence: 

coronal orientation, whole brain coverage with 1.5 mm slice thickness; (2) a 

transverse fluid attenuated inversion recovery (FLAIR) sequence, 5 mm slice 

thickness, slice gap 0.5 mm; (3) a transverse T2 weighted turbo spin echo 

sequence, 5mm slice thickness, slice gap 0.5mm. All images were acquired 

with an in-plane resolution of 1x1 mm.

Central reading of the MRI scans was performed at the Image Analysis Center 

(IAC) of the VU Medical Center, Amsterdam, The Netherlands. Assessment 

of the screening MRI scans consisted of visual rating scales of MTA, global 

cortical atrophy (GCA) and WMH, assessment of the radiological NINDS-AIREN 

criteria for VaD17,22 (including number of lacunes and large vessel infarcts) and 

presence of other incidental findings. MTA was rated on the 3D T1-weighted 

sequence, using a five point rating scale21, ranging from 0 (no atrophy) to 4 

(end stage atrophy) for left and right medial temporal lobe. To be included in 

the trial, patients younger than 65 yrs old had to have a MTA score of at least 

1 on both sides, and patients of 65 yrs or older had to have a MTA score of 

at least 2 on one, and at least 1 on the other side. The group of patients with 

‘absence of MTA’ consists of those patients that did not meet these criteria. 

For subsequent analyses, we used the mean of left and right MTA score. GCA 

was scored on FLAIR images using a 4 point rating scale (range 0-3), in which a 

score of  0 represents no atrophy, and a score of 3 severe atrophy26. WMH was 

rated on FLAIR images, using the age related white matter changes (ARWMC) 

scale,27 in which a score of 0 to 3 is rated in 5 different regions on the left and 

right side. We used the sum of these scores (range 0-40). Presence of lacu-

nes was assessed using a combination of FLAIR and T2-weighted sequences. 

Lacunes were defined as hypointense lesions on FLAIR and hyperintense on 

T2, with a minimum diameter of 3 mm, and were distinguished from Virchow-

Robin spaces based on their location and the presence of a hyperintense rim 



47CLINICAL SIGNIFICANCE  | 

on FLAIR. For the analyses, number of lacunes was dichotomized into 0 and 

≥1. All scores were rated by one reviewer (WH), in consensus with a second 

reviewer (FB or PhS). Intrarater weighted Cohen’s kappa’s of the reviewer, 

determined on a standard training set (19 brains) to meet consistency require-

ments according to IAC’s standard operating procedure, were >0.85 for MTA 

and ARWMC scales, and >0.80 for GCA.

Statistics

For the statistical analyses, SPSS version 15.0 for Windows was used. Differ-

ences between the three groups (typical MRI; absence of MTA; extensive CVD) 

were assessed using analysis of variance (ANOVA), corrected for age and sex, 

with post-hoc Bonferroni tests, or χ2-tests and Kruskall-Wallis for ordinal vari-

ables. To assess associations between MRI variables and results on neuropsy-

chological tests within the total population, multiple linear regression analyses 

were performed with age and sex as covariates (model 1). Consecutively, we 

constructed a multiple regression model containing all MRI measures, with age 

and sex as covariates (model 2). To investigate the potentially combined effect 

of different MRI measures on neuropsychological tests, we introduced interac-

tion terms to the linear regression analyses. These models were constructed 

for each possible combination of two MRI measures and contained both these 

MRI measures together with their interaction term and the covariates age and 

sex, with neuropsychological test results as dependent variables. 

Results
Demographics and MRI characteristics are represented in Table 1. There was 

a group difference in age. Patients without MTA were younger, and patients 

with extensive CVD on MRI were older than patients with a typical MRI. The 

total population included 216 (59%) women and there were no differences 

between groups in the distribution of sex. The differences in mean values of 

MRI measures between groups reflect the fact that MRI criteria had been used 

to define the groups. As a consequence, mean MTA in the group of patients 

that did not meet the MTA threshold was lower than both other groups. There 
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was no difference in MTA between patients with a typical MRI and patients with 

extensive CVD. Patients without MTA had less severe GCA than patients with 

a typical MRI, and there were no other group differences in GCA. Patients with 

extensive CVD had more WMH compared with both other groups, reflecting 

that WMH was used in the definition of ‘extensive CVD’. Likewise, the propor-

tion of patients with lacunes, also used to define the group of ‘extensive CVD’, 

was higher in this group than in both other groups. In addition, the proportion 

of patients with lacunes was higher in the group without MTA, compared with 

patients with a typical MRI. Of the patients with extensive CVD, 4 (11%) met 

criteria for large vessel VaD and 31 (89%) for small vessel VaD. 

Table 1: demographics and MRI findings 

 Total Typical MRI no MTA CVD

Number of patients (n) 367 281 51 35

Age; mean (±SD) 74 (8) 75 (8) 70 (8) a 79 (7) a,b

Sex ; n (%) women 216 (59%) 161 (57%) 33 (65%) 22 (63%)

MTA; mean (±SD) 2.0 (0.9) 2.3 (0.8) 0.6 (0.4) a 2.2 (0.8) b

GCA; mean (±SD) 1.2 (0.8) 1.3 (0.8) 0.9 (0.7) a 1.0 (0.7)

ARWMC; mean (±SD) 5.3 (5.2) 4.3 (3.5) 3.8 (3.3) 15.9 (6.6) a,b

Presence of lacunes; n (%) 64 (17%) 30 (11%) 12 (24%) a 22 (63%)  a,b

Numbers represent mean (SD), number (%) women for sex and number of patients in which lacunes were present 
for ‘presence of lacunes’. Differences between groups were calculated with ANOVA (age) or Kruskall-Wallis and 2 
(other variables). Although Kruskall-Wallis was used for MRI measures, mean values are reported as they are more 
informative than median values, because of small variance.

MTA: medial temporal lobe atrophy
GCA: global cortical atrophy
ARWMC: age-related white matter changes
a p<0.05 compared to ‘typical MRI’
b p<0.05 compared to ‘no MTA’

Table 2 shows the neuropsychological test results, clinical variables and medi-

cal history per group. Patients without MTA performed better on MMSE and 

category fluency test than patients in the other two groups (p<0.05). Further-

more, they performed better on orientation subscale of ADAS-cog than patients 

with a typical MRI (p<0.05). In contrast, the patients with extensive CVD did 

not differ from patients with a typical MRI on any of the neuropsychological 
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tests. Hachinski score, BMI or systolic and diastolic blood pressure did not 

differ between groups. A higher proportion of patients with extensive CVD 

had a medical history of hypertension than patients without MTA (p<0.05), but 

there were no other differences between groups in medical history. 

Table 2: clinical characteristics

Total 

(n=367)

typical MRI

(n=281)

no MTA

(n=51)

CVD

(n=35)

MMSE 17 (2) 17 (2) 18 (2) a 16 (2) b

COWAT; average 6 (3) 6 (3) 6 (3) 5 (3)

Category fluency; average 7 (3) 7 (3) 8 (3) a 6 (3) b

Stroop I: congruent; seconds 72 (50) 73 (52) 67 (46) 68 (35)

Stroop II: incongruent; seconds 182 (64) 185 (64) 165 (66) 184 (60)

Orientation 4 (2) 4 (1) 5 (2) a 4 (1)

Hachinsky score 1 (1) 1 (1) 1 (1) 1 (1)

BMI 25 (4) 25 (4) 27 (6) 25 (4)

Systolic Blood pressure 140 (16) 141 (16) 134 (16) 141 (18)

Diastolic blood pressure 79 (9) 79 (9) 78 (10) 77 (9)

Medical history

Hypertension n (%) 142 (39%) 109 (39%) 14 (28%) 19 (54%) b

Diabetes Mellitus n (%) 33 (9%) 21 (8%) 7 (14%) 5 (14%)

Dyslipidemia n (%) 6 (2%) 6 (2%) 0 (0%) 0 (0%)

Myocardial infarct n, (%) 9 (3%) 7 (3%) 1 (2%) 1 (3%)

Any thrombo-embolic event, n (%) 12 (3%) 9 (3%) 1 (2%) 2 (6%)
Numbers represent means (SD), unless indicated otherwise. Neuropsychological data was missing in: 2 patients for 
MMSE, 1 patient for COWAT and Category fluency and 2 patients for orientation. Differences between groups were 
calculated with ANOVA (corrected for age and sex) for neuropsychological tests, Hachinsky, BMI and systolic and 
diastolic blood pressure, and with Kruskall-Wallis and 2 for medical history variables.

MMSE: mini-mental state examination
COWAT: controlled oral word association test 
BMI: body-mass index
a p<0.05 compared to ‘typical MRI’
b p<0.05 compared to ‘no MTA’
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The groups were pooled, to investigate whether severity of MRI findings was 

related to performance on neuropsychological tests. Corrected for age and sex 

(model 1), linear regression models showed that higher MTA and GCA rates 

(more severe atrophy) were related to worse performance on MMSE, category 

fluency and Stroop I and II tests (table 3). Furthermore, MTA was related to 

worse performance on orientation, and GCA to worse performance on letter 

fluency. More severe WMH was specifically related to worse performance on 

letter fluency. Presence of lacunes was not related to performance on any of 

the neuropsychological tests. Entering all MRI measures simultaneously into 

one linear regression model, together with age and sex (model 2) showed 

almost similar results. Differences with model 1 were that in model 2, MTA 

was not significantly associated with Stroop 1, and GCA was not significantly 

associated with Stroop 2. 

  

Table 3: Linear regression between MRI measures and neuropsychological 

performance

Model 1 Model 2

MMSE MTA -0.56 (0.15) a -0.42 (0.16) a

GCA -0.57 (0.16) a -0.46 (0.17) a

ARWMC -0.03 (0.03) -0.05 (0.03) 

Presence lacunes 0.32 (0.34) 0.35 (0.36)

Orientation MTA -0.39 (0.09) a -0.37 (0.10) a

GCA -0.16 (0.10) -0.04 (0.14)

ARWMC 0.00 (0.02) -0.01 (0.02)

Presence lacunes 0.31 (0.21) 0.24 (0.22)

COWAT MTA -0.00 (0.20) 0.17 (0.21)

GCA -0.54 (0.22) a -0.66 (0.23) a

ARWMC -0.07 (0.04) a -0.09 (0.04) a

Presence lacunes -0.29 (0.46) 0.07 (0.49)
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Category fluency MTA -0.87 (0.17) a -0.71 (0.18) a

GCA -0.78 (0.19) a -0.57 (0.19) a

ARWMC -0.02 (0.03) -0.03 (0.03)

Presence lacunes 0.21 (0.40) 0.08 (0.41)

Stroop I MTA 6.31 (3.06) a 3.09 (3.20)

GCA 12.09 (3.29) a 11.09 (3.48) a

ARWMC -0.19 (0.54) 0.16 (0.57)

Presence lacunes -5.57 (6.95) -3.98 (7.38)

Stroop II MTA 11.29 (3.96) a 9.05 (4.18) a

GCA 9.40 (4.33) a 6.82 (4.55)

ARWMC 0.37 (0.70) 0.77 (0.75)

Presence lacunes -8.39 (6.04) -8.51 (9.65)
Numbers represent regression coefficients (standard error) from linear regression analysis. Model 1: each separate 
MRI measure was entered in a separate model, together with age and sex; Model 2: all MRI measures were entered 
into one model, together with age and sex. 

MMSE: mini-mental state examination
MTA: medial temporal lobe atrophy
GCA: global cortical atrophy
ARWMC: age-related white matter changes
COWAT: controlled oral word association test
a p<0.05

Finally, we assessed interactions between MRI measures in their correlation 

with neuropsychological test results, by entering two MRI measures simultane-

ously to a linear regression model, together with age, sex and their interaction 

term (data not shown). Significant interactions were found between MTA and 

GCA for Stroop 2, and between GCA and ARWMC for MMSE, category fluency 

test and Stroop 2 (p<0.05 for interaction term). After stratification for GCA 

score, the correlations of both MTA and WMH with the neuropsychological 

tests were strongest in patients with little global atrophy, while the correlation 

was less strong in patients with moderate or severe global atrophy.  
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Discussion
Our main finding is that patients with a clinical diagnosis of AD, who met 

the radiological NINDS-AIREN criteria for VaD could not be distinguished from 

patients with a typical MRI based on the performance on neuropsychological 

tests used in this study. Patients who showed no MTA were younger and cog-

nitively less impaired than patients in the other two groups. Within the total 

population of AD patients, GCA and MTA were associated with global cognitive 

impairment, whereas WMH was specifically associated with impairment of 

executive function, especially in patients without global cortical atrophy. 

We found that there was hardly any difference in cognition between AD patients 

that fulfill radiological criteria for VaD and those with a typical MRI. Despite 

the difference in vascular findings, MTA score was comparable in these two 

groups. These findings add to the growing insights in the co-existence of AD-

related pathology and vascular pathology. Previous studies show that in most 

patients with dementia, a mix of Alzheimer-type and vascular pathology is 

found.28 Not only is WMH more often found in AD than in controls,5 it has also 

been reported that increased MTA occurs in VaD patients.7,15,15 Although our 

findings are only indirect evidence, and we do not have data from patients with 

a clinical diagnosis of VaD, our findings show that there is an overlap in clinical 

characteristics of AD and VaD. Although WMH was associated with impairment 

on letter fluency, measures of tissue loss (MTA and GCA) appear to have a 

much higher impact on cognition, as both were associated with almost all the 

neuropsychological tests. Our findings support other studies in AD patients 

that showed that there was either no association at all between WMH and 

cognitive impairment,12 or only a relatively weak correlation compared with 

measures of atrophy.29  In addition, we demonstrated that the specific associa-

tion between WMH and executive function, which has been described in other 

populations,10,11,15,16 is also present in AD patients. It is interesting to note that 

also in patients with a clinical diagnosis of VaD, global atrophy and atrophy of 

medial temporal lobe have been described to be  more strongly correlated with 

overall cognitive impairment than WMH.15,29 The accordance of these findings 
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with our findings in AD shows that both in AD and VaD, the same MRI mark-

ers are associated with neuropsychological impairment. Our finding that the 

number of patients with lacunes was highest in the AD patients without MTA is 

not very intuitive. It could imply that within those patients that have no MTA, 

the lacunes might be responsible for the symptoms leading to the diagnosis 

of AD. This is supported by findings in other studies that the association of 

lacunes with cognition is strongest in patients without MTA.30 However, we 

were not able to show an interaction between lacunes and MTA in our entire 

population. 

A limitation of our study is the relatively small range in severity of cognitive 

impairment, caused by the use of clinical and cognitive inclusion criteria for 

the clinical trial. A second limitation is that the neuropsychological test bat-

tery did not include a specific memory test. Based on findings from previous 

studies, one might expect a specific correlation between atrophy, in particular 

MTA, and memory function.13,14 Although we were not able to assess a specific 

correlation between MTA and memory function because the test battery did 

not include a memory test, we found that there are widespread associations of 

MTA and GCA with cognitive function, involving multiple cognitive domains. 

The measures of volume loss were associated with tests assessing global 

cognition, orientation, executive function and mental speed. 

Our results imply that MTA can be used to select AD patients that are cognitively 

more impaired. This could be explained by previous reports that the presence 

of MTA at baseline is associated with faster progression of hippocampal atro-

phy. We hypothesize that MTA can be used as a marker to select fast progres-

sors, and therefore could increase the power of a pharmaceutical trial in AD 

patients. AD patients with and without extensive radiological findings for CVD 

did not differ on performance on any of the neuropsychological tests used in 

this study. Although AD and VaD are pathologically distinct diseases, our find-

ings provide support that AD and VaD share common clinical characteristics. 
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Further research into the significance of vascular neuroimaging findings, 

combined with information from pharmaceutical trials, is needed to determine 

whether AD patients with and without vascular MRI findings represent two 

groups that would benefit from a different therapeutic approach. Even though 

patients with extensive CVD did not enter the study, and the population at 

follow-up will therefore be less heterogeneous than it was at screening, it would 

be interesting to use the longitudinal data from this trial to assess whether 

treatment effect is influenced by the severity of vascular findings. 
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