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1

CHAPTER 1

GENERAL INTRODUCTION

1.1. BACKGROUND
The population is rapidly ageing. Between 2000 and 2050, the proportion of the 
world’s population over 60 years will double from about 11% to 22%. By 2050 the 
world will have almost 400 million people aged 80 years and more (WHO, 2012a). In 
the Netherlands in 2012 16% of the total population was over 65 years of age. In 2060, 
it is expected that 26% will be 65 years or older. Ten percent will be 80-plus (Centraal 
Bureau voor de Statistiek, http://statline.cbs.nl). The ageing of the world’s population 
is an indicator of improving global health. However, ageing will also present challeng-
es. Old age is the primary risk factor for dementia and cognitive decline. It is estimated 
that 25-30% of people aged 85 or older are having some degree of cognitive impair-
ment and even 50% of people aged around 100 (Nelson et al., 2011). Currently, the 
number of people living with dementia worldwide is estimated at 35.6 million. This 
number will double by 2030 and more than triple by 2050 (WHO, 2012b). The same 
trend is observed in the Netherlands where it is estimated that currently 256.000 peo-
ple are suffering from dementia and that this number will double by 2040 (Alzheimer 
Ne derland, www.alzheimer-nederland.nl/extra/deltaplan-dementie.aspx). The high 
costs of the disease will challenge health systems to deal with the predicted future 
increase of cases. The costs are assessed at US$ 604 billion per year at present and 
are expected to increase even more quickly than the prevalence of dementia (WHO, 
2012b). In the Netherlands around 5% of the total health care costs is consumed by 
dementia, which makes it the disease with the highest costs. Due to the future increase 
of cases, care costs will increase with on average 2,7% per year (Alzheimer Nederland, 
www.alzheimer-nederland.nl/extra/deltaplan-dementie.aspx).

At present, a treatment to cure dementia or to alter its progressive course is not avail-
able. However, once medication will become available, these drugs will be most effective 
when prescribed in the earliest (prodromal) stage of the dementia process (Ewers, Sper-
ling, Klunk, Weiner, & Hampel, 2011; Nestor, Scheltens, & Hodges, 2004; Sperling et al., 
2011). Yet, especially in the prodromal stages of dementia, the differential diagnosis of 
mental complaints that may signify an early stage of dementia is difficult. One reason 
for this difficulty is that the transition between normal cognitive aging and cognitive im-
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pairment due to degenerative cerebral disease is a gradual one. A second great challenge 
in diagnosing preclinical dementia is the inter-individual variability among older adults, 
both in intellectual function at a given age and in rates of decline over time (Ganguli, 
2014). Third, there is frequent co-occurrence of cognitive impairment and emotion-
al-behavioral or psychiatric symptoms. Estimates of this co-occurrence in pre-dementia 
patients vary from 25% in population-based studies to more than 60% in clinical sam-
ples (Steffens et al., 2006). This causes frequent misclassification of pre-dementia and 
functional psychiatric states in elderly patients. In the future we will therefore need valid 
means to distinguish between patients who will and who will not progress to demen-
tia, and consequently to distinguish who may and who may not benefit from drugs. Of 
course, this implies that we will have to be able also to determine the syndrome’s aetiol-
ogy in the individual patient (Dubois & Albert, 2004). 

1.2. THE PRODROMAL STAGE OF DEMENTIA
The first symptoms of degenerative brain diseases that ultimately lead to dementia 
most often concern memory impairment (Arnáiz, & Almkvist, 2003; Bäckman, Jones, 
Berger, Laukka, & Small, 2004; Hodges, 1998; Grober, Lipton, Hall, & Crystal, 2000; 
Weintraub, Wicklund,  & Salmon, 2012.). However, also subtle problems in other 
cognitive domains like mild word finding problems, difficulties in finding one’s way 
in an unknown environment, and inability to perform complex tasks such as man-
aging one’s finances can be symptomatic of an early dementia stage (Bäckman et al. 
2004; Brown, Devanand, Liu, & Caccappolo, 2011). Other early signs of dementia are 
neuropsychiatric rather than cognitive, such as lack of interest in one’s surroundings, 
inactivity, and emotional flattening (Feldman et al., 2004; Geda et al., 2008; Lopez, 
Becker, & Sweet, 2005; Lyketsos et al., 2002; Lyketsos et al., 2011). These emotional 
signs may easily be mistaken as symptoms of depression. During the course of the 
disease these early symptoms gradually become more conspicuous until they affect 
the daily life of the patients to such a degree that a diagnosis of dementia is inevitable 
(Gomar, Bobes-Bascaran, Conejero-Goldberg, Davies, & Goldberg, 2011). The tran-
sitional stage between normal aging and dementia is nowadays mostly called “mild 
cognitive impairment” (MCI; Flicker, Ferris, & Reisberg, 1991; Petersen et al. 1999; 
Petersen, 2011).

1.3. MILD COGNITIVE IMPAIRMENT
While it is clear that there exists a transitional stage between normal aging and clinical 
dementia, it has been a matter of debate how to describe and define it. Since the early 
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sixties of the last century, many concepts have been proposed, for example ‘benign 
senescent forgetfulness’ (Kral, 1962), ‘age-associated memory impairment’ (Crook, 
Bahar, & Sudilovsky, 1987), and ‘cognitive decline, no dementia’ (Ebly, Hogan, & Par-
had, 1995). In the past two decades, the concept of MCI (Flicker et al., 1991; Peters-
en, 2011) has received much attention. The exact criteria of MCI are still under dis-
cussion, but most researchers and clinicians define MCI as subjective complaints of 
cognitive dysfunction (preferably confirmed by an informant), evidence of cognitive 
impairment as demonstrated by neuropsychological tests, preserved general cognitive 
function, intact activities of daily living and no dementia (Albert et al., 2011; Dubois 
& Albert, 2004; Petersen et al., 1999; Petersen et al., 2001; Petersen, 2004; Winblad et 
al., 2004). In the newly released fifth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) (American Psychiatric Association, 2013), the Amer-
ican Psychiatric Association has introduced the term mild Neurocognitive Disorder 
(NCD) for the MCI concept. In 2003, an international working group expanded the 
concept of MCI and proposed subgroups based on patterns of cognitive impairment 
(Petersen, 2004; Winblad et al., 2004). This classification system broadly differentiates 
MCI into subgroups of amnestic and non-amnestic according to whether the patient 
has memory impairment or not, and both subtypes can be further classified as single 
or multiple domain based on the number of cognitive domains affected. Furthermore, 
emotional and neuropsychiatric symptoms such as depression, apathy and irritability, 
are present in about 50% of MCI patients (Feldman et al., 2004; Hwang, Masterman, 
Ortiz, Fairbanks, & Cummings, 2004; Lopez et al., 2005; Lyketsos et al., 2002).

1.4. PROGNOSTIC VALUE OF MCI
It has been shown in a large number of population-based and clinical studies that 
patients who satisfy MCI criteria are at high risk of developing dementia. If amnestic 
symptoms are involved, conversion rates from MCI to Alzheimer’s disease are about 
10-15% per year. Approximately 80% show progression to dementia within six years 
(Petersen et al., 2001; Petersen, 2007). Patients with non-memory MCI or multiple 
domains MCI may also convert to other types of dementia such as vascular dementia, 
fronto-temporal dementia or dementia with Lewy bodies (Dubois et al., 2007; Gauth-
ier et al., 2006; Petersen et al., 2001). Thus, previous findings show that the conversion 
rate of MCI to dementia greatly exceeds the risk of conversion in healthy-age matched 
controls. These impressive conversion rates, however, have been observed in select-
ed samples of relatively uncomplicated patients. In a broader context, the association 
between MCI and AD is far from unidirectional. Some patients do not progress to 
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dementia at the long term, and some patients even return to normal upon re-exam-
ination (Maioli et al., 2007; Mitchell & Shiri-Feshki, 2009; Visser, Kester, Jolles, & Ver-
hey, 2006). Although these patients satisfied the MCI criteria at baseline, a diagnosis 
of MCI in the sense of a pre-dementia stage is inaccurate because their temporary 
cognitive decline was probably not due to a degenerative brain disease. 

1.5. WHY IS EARLY DIAGNOSIS IMPORTANT?
Accurate diagnosis of dementia symptoms due to AD (and other dementias) in the 
earliest possible stage is important for several reasons. First, early and accurate diag-
nosis may aid in providing adequate patient care as soon as it is needed. As mentioned 
above, once (disease-arresting) drugs become available, early and accurate diagnosis 
will even be more critical, because quality of life is to be preserved early in the disease 
process (Nestor et al., 2004). Second, even in the absence of effective drugs, it still is 
important to distinguish early stages of degenerative brain diseases from other con-
ditions that give rise to mental complaints. After all, many of these other conditions 
are treatable by means we have already at our disposal. When somatic diseases are 
concerned, it is the task of physicians, in particular neurologists and geriatricians, to 
diagnose and treat them. When non-organic emotional or behavioral problems, or 
psychiatric diseases are concerned, psychotherapy or psychiatric treatment may be 
indicated. Adequate health care requires early diagnosis to utilize these treatment op-
tions. A third reason why correct early diagnosis is important has to do with efficiency 
of research efforts. As mentioned above, the prognostic value of MCI is not perfect. 
This implies that subjects who suffer from other conditions than degenerative brain 
disease may contaminate samples of MCI patients in research projects on early de-
mentia. Such false positive MCI diagnoses may obscure the relationships under study, 
and may complicate the testing of hypotheses. Last but not least, many patients and 
relatives ask for an early diagnosis. Alzheimer’s disease and dementia in general have 
received much attention in the lay press during the last decades. This has resulted in a 
trend for patients and relatives to present themselves in an early stage to clinics in case 
of mental complaints. Moreover, many of today’s emancipated patients are no longer 
satisfied with provisional answers or a let’s-wait-and-see attitude, but want their doc-
tors to draw clear diagnostic and prognostic conclusions.
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1.6. DEFINING THE PROBLEM

1.6.1. Highly selective samples of MCI patients
As mentioned before, there is frequent co-occurrence of cognitive impairment and 
emotional-behavioral or psychiatric symptoms, which may cause misclassification 
of pre-dementia and functional psychiatric states in elderly patients (Steffens et al., 
2006). However, there is a lack of research that takes this co-occurrence into account 
(Steffens et al., 2006). Dementia researchers often evade this problem by excluding 
patients with psychiatric disorders. Most studies on pre-dementia stages have been 
performed in highly selective samples of MCI patients with isolated cognitive impair-
ments or with patients who fulfilled strict MCI criteria predictive for the development 
of dementia. This methodological strictness is appropriate from a scientific point of 
view, but it does not reflect clinical practice, and thus limits the generalizability of 
these findings to the larger population visiting memory clinics. Furthermore, the 
border between MCI and dementia may be a conceptually sharp line, but in clinical 
reality it is a rather fluid transition zone, largely depending on clinical judgment of 
functional status (Forlenza, Diniz, Stella, Teixera, & Gattaz, 2013; Gomar et al. 2011; 
Morris, 2012). Similarly, there is no clearly defined border between normal aging and 
MCI either (Loewenstein et al., 2012). Thus, the research practice to split off a strictly 
defined MCI category from the spectrum of cognitive impairments in memory clinic 
populations is somewhat artificial. This thesis explicitly addresses the co-occurrence 
of cognitive and emotional-behavioural symptoms by means of including patients 
with mild psychiatric co-morbidity for whom the differential diagnosis included a 
possible early stage of dementia. People who appeared to be ‘worried well’ were not 
excluded either. They were patients who were cognitively normal, did not have cogni-
tive test scores in the impaired range, and who did not meet criteria for a psychiatric 
disorder. Although they had cognitive complaints and were unsure about their mental 
stats, these worries appeared to be unjustified. 

1.6.2. Underestimation of behavioral (neuropsychological) methods
The limited predictive validity of the MCI diagnosis has stimulated researchers to 
search extensively for biochemical, genetic and neuroimaging markers to improve the 
prediction of conversion to dementia (e.g., Allan, Sexton, Welchew, & Ebmeier, 2010; 
Chételat et al., 2012; Drago et al., 2011; Hansson et al., 2006; Karas et al., 2004; Thurfjell 
et al., 2012). For example, to date, considerable research effort is being invested to find 
or improve neurochemical biomarkers of dementia, especially β-amyloid peptide 42 
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(Aβ42) and elevated levels of tau protein in cerebrospinal fluid (CSF) (Blennow & 
Zettenberg, 2013; Forlenza, Diniz, & Gattaz, 2010). Neuroimaging methods to visual-
ize the accumulation of amyloid and tau in brain tissue are developing rapidly (Jack, 
& Holtzman, 2013), and are beginning to enter clinical diagnostic routine. This trend 
is also reflected in the most recently developed set of criteria for the symptomatic 
predementia phase of AD for use in research settings, which incorporate biomarkers 
based on imaging and CSF measures (Albert et al., 2011). Although these measures 
are promising, they are not suitable yet to be used in routine clinical care, given the 
current lack of standardization among the techniques and the uncertainty regarding 
the optimal cutoff points for identifying high-risk groups (Forlenza et al., 2010; Pe-
tersen, 2011). Furthermore, the CSF biomarkers are informative in relatively young 
patients, but they lose much of their diagnostic potential in older patients (Bouwman 
et al. 2009; Schmand, Huizinga, & van Gool, 2010), who are the vast majority of de-
mentia patients. Finally, it is questionable if such biomarkers will ever be able to accu-
rately mark the appearance of clinical symptoms of dementia, since these symptoms 
are of a behavioral nature. Therefore, for the accurate early assessment of symptoms of 
dementia, behavioral methods will always be of vital importance. 

The behavioral test methods, however, based on which MCI and similar diagnoses 
are made, are not infallible. This imperfection is probably an important reason why 
the predictive validity of MCI is limited. However, the flaws of behavioral methods 
seem to be taken for granted by most dementia researchers. This is unfortunate be-
cause improvement of these methods is very well possible, and should be pursued 
before other more expensive or invasive techniques are called for.

1.6.3. Non-credible performance
Until now, the limited predictive validity of the MCI diagnosis has been related 
mainly to differences in research methods (diagnostic criteria, type of cohort) 
or to several reversible causes of cognitive decline (such as psychiatric condi-
tions, and a variety of metabolic, nutritional or sensory impairments) (Gauthier 
& Touchon, 2005). Little attention has been paid to another cause: invalidity of 
the diagnosis due to non-credible performance during neuropsychological evalu-
ation. Non-credible performance is a threat to the validity of neuropsychological 
test results (Bush et al., 2005). If patients are unable or unwilling to invest the 
required amount of effort while doing the tests, abnormal test results may not 
validly reflect cognitive impairments due to cerebral dysfunction. In other words, 
it has become uncertain whether the tests measure what they intend to measure, 
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i.e. cognitive functioning or cognitive impairment. Symptom validity testing may 
detect this lack of validity.

A symptom validity test (SVT) is a test that in the layman’s eye appears to measure 
a cognitive function, for example memory, whereas in reality it measures mental effort 
(Bianchini, Mathias, & Greve, 2001; Rogers, 2008). SVTs are widely used in forensic 
psychology to detect malingering. However, also other influences than right-out ma-
lingering may result in abnormal performance on SVTs. Healthy volunteers ‘fail’ on 
these tests when they are instructed to feign memory impairment (e.g., Brockhaus & 
Merten, 2004; Iverson, Green, & Gervais, 1999; Jing, Slick, Strauss, & Hultsch, 2002). 
Moreover, compensation-seeking individuals were shown to suppress their perfor-
mance on SVTs (e.g., Green, Lees-Haley, & Allen, 2002).

If abnormal test results of patients who fail SVTs are indeed not reflecting cogni-
tive impairments due to brain disease, we may assume that MCI patients with genu-
ine cognitive impairments as confirmed by credible performance on SVTs are likely 
to convert to dementia, irrespective of psychiatric co-morbidity. On the other hand, 
in MCI patients with non-credible SVT performance, abnormal cognitive test scores 
cannot validly be interpreted as signs of genuine impairments, and a degenerative 
brain disease is much less likely, although not ruled out.

1.7. GENERAL AIM AND OUTLINE OF THIS THESIS
The general aim of this thesis is to improve the neuropsychological assessment of 
symptoms that precede dementia, and consequently, to improve the prediction of 
conversion to dementia in participants for whom the differential diagnosis included a 
possible early stage of dementia, irrespective of mild psychiatric co-morbidity. More 
specifically, the aim of our studies is twofold. 

First, we performed two preparatory studies expanding the research on the em-
ployability of SVTs frequently used in clinical practice. In chapter 2 we sought to 
investigate the equivalence of the English and Dutch versions of the Word Memory 
Test (WMT; Green, 2003), one of the most popular symptom validity tests currently 
available. Furthermore, we examined the demographic characteristics that may influ-
ence performance, in order to create a demographically corrected normative data set. 
Chapter 3 focuses on providing further evidence for the specificity of several effort 
tests by investigating whether children (whose cognitive skills are not yet fully devel-
oped) can pass these SVTs. 

Second, we aimed at examining brain-behavior relationships and neuropsycho-
logical profiles as a function of credible and non-credible performance. For this pur-
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pose, we recruited patients (N=170) from the neurological and geriatric outpatient 
clinics, day clinics and memory clinics of several general and psychiatric hospitals 
in Amsterdam and surrounding area, the Netherlands. Patients between 50 and 85 
years of age were included if they presented with a) complaints of decline in cognitive 
or behavioral functioning (as expressed by the patient or a close relative) not normal 
for age, and b) essentially intact instrumental activities of daily living. To improve the 
representativeness of this sample for clinical practice, psychiatric (co)-morbidity, like 
major depressive disorder, common anxiety disorder or adjustment disorder, was not 
an exclusion criterion. People who appeared to be ‘worried well’ were not excluded 
either. The main exclusion criterion for our sample was a clear dementia syndrome 
that could be diagnosed by a dementia specialist without detailed neuropsychological 
assessment. Thus, the study sample was a naturalistic patient mix that is representative 
for first visitors of memory clinics, with a broad spectrum of cognitive functioning 
and impairments ranging from worried well to MCI and early dementia cases. Chap-
ter 4 describes the findings of a study examining the associations between hippocam-
pal volume and memory performance as a function of SVT results. In chapter 5, we 
sought to identify the cerebral morphometric correlates of neuropsychological deficits 
in the part of our large, heterogeneous sample of elderly patients showing credible 
performance. In chapter 6 finally, we focus on the neuropsychological characteriza-
tion of patients showing a pattern of test scores indicative of genuine amnesia on the 
WMT, the so-called “dementia-profile”, to verify if this profile indeed reflects genuine 
memory impairment.

In chapter 7 we summarize the findings and implications of our study. Further-
more, caveats of the studies described in this thesis, as well as directions for future 
studies will be discussed. 
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ABSTRACT
Many studies have evaluated the utility of the Word Memory Test (WMT) as a symptom 

validity test, but there is a lack of reference data for the WMT conventional memory 

subtests. The present study examined the demographic characteristics that influence 

performance on these subtests, in order to develop demographically corrected reference 

data. For this purpose, we administered the Dutch version of the WMT to 115 healthy 

Dutch controls, aged 20-80 years. Furthermore, we demonstrated the equivalence of 

the English and Dutch language versions of the WMT. Stepwise linear regression analy-

ses of the combined Canadian and Dutch samples (N = 155) showed that the memory 

scores declined with increasing age. Participants with lower levels of education per-

formed worse than more highly educated subjects. Reference data stratified by age and 

level of education are presented for use in research and clinical settings.
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1. INTRODUCTION
Memory complaints are the most frequent reason for neuropsychological referral in out-
patient settings (Lezak, Howieson, & Loring, 2004). The assessment of memory deficits, 
however, can be seriously complicated by suboptimal performance. Numerous studies 
have shown substantial exaggeration of cognitive impairment in certain groups of peo-
ple being given neuropsychological tests, especially when financial claims are involved 
(Larrabee, 2000). Green, Rohling, Lees-Haley and Allen (2001) stated that approximate-
ly 50% of variance of performance on a neuropsychological battery administered to a 
heterogeneous group of disability claimants is explained by effort and cooperation. Sub-
sequent studies in the USA and Germany independently replicated this finding (Con-
stantinou, Bauer, Ashendorf, Fisher, & McCaffrey, 2005; Stevens, Friedel, Mehren, & 
Merten, 2008), confirming that the effect of effort on neuropsychological test scores is 
more pronounced than the effect of brain injury. Therefore, it is recommended that ob-
jective tests of effort and associated symptom validity are used in neuropsychological as-
sessment, especially when potential secondary gain increases the incentive for symptom 
exaggeration as well as when neuropsychologists are suspicious of insufficient effort, or 
inaccurate or incomplete responding (Bush et al., 2005). 

According to Hartman (2002), the Word Memory Test (WMT) is one of the most 
popular and best investigated symptom validity tests currently available (Green, Allen, 
& Astner, 1996; Green, 2003). The WMT is a word list-learning task containing mul-
tiple subtests, of which the first two are specifically designed to evaluate effort, while 
the remaining subtests are conventional tests of verbal memory (see Method section 
for details). The WMT effort subtests have been validated in a large number of studies 
(see www.wordmemorytest.com for an overview of the literature). For example, it has 
been shown consistently that many patients with brain injury and brain diseases score 
well above the cut-offs for incomplete effort (Allen & Green, 1999; Green, Iverson, & 
Allen, 1999; Iverson, Green, & Gervais, 1999; Green & Allen, 1999). In addition, there 
were no differences on the WMT effort measures between neurological patients with 
and without impaired verbal memory (Green et al., 1999). Finally, in several inde-
pendent studies the WMT was 99-100% accurate in discriminating between persons 
asked to make a good effort and those who were instructed to feign believable mem-
ory impairment (Iverson et al., 1999; Jing, Slick, Strauss, & Hultsch, 2002; Brockhaus 
& Merten, 2004). 

Whereas many studies have investigated the utility of the WMT as a symptom 
validity test, there is a lack of research presenting reference data for the conventional 
memory subtests (Strauss, Sherman, & Spreen, 2006). Availability of appropriate refer-
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ence values for these measures would have two important advantages for the use of the 
WMT in clinical practice. First, improved reference data would promote the efficiency 
of neuropsychological evaluation since both effort quality and verbal memory can be 
investigated with a single test. Second, better reference tables will lead to improved 
interpretation of the WMT profile of subtest scores. Green (2003) states that the shape 
of the profile of WMT subtest scores (in particular the difference between the effort 
subtests and conventional memory subtests) indicates whether patients fail due to in-
sufficient effort or to the severity of their cognitive disorders. Therefore, appropriate 
reference data are of crucial importance to judge whether or not an individual’s profile 
is consistent with his age and education.

The WMT user’s manual (Green, 2003) provides mean scores of different com-
parison groups, including normal adult controls, but the sample size of this group is 
rather small and has a limited age range. Furthermore, although the WMT has been 
translated into several languages, the normal adult control group was composed of na-
tive English speakers who were given the original English WMT. One cannot assume 
that different language versions of the test are of equal difficulty. This should be estab-
lished empirically. In addition, the relation between the WMT memory subtests and 
demographic variables has not been studied thoroughly. Like many other cognitive 
tests, the conventional WMT subtests are probably influenced by age, education and, 
perhaps, gender. Indeed, significant effects of age and educational level were found for 
all WMT memory subtests in the control sample, but the influence of gender was not 
investigated and there were only a few healthy subjects over 60 years of age (Green, 
2003). 

The purpose of the present study was twofold. Our first aim was to investigate 
the equivalence of the English and Dutch versions of the WMT by comparing the 
data of the original Canadian normative sample with those of a matched com-
parison group of Dutch adult normal controls. Second, we examined the demo-
graphic characteristics (age, gender and level of education) that may influence 
performance, in order to create a demographically corrected data set. In line with 
previous research (Green et al., 1996; Green, Lees-Haley, & Allen, 2002) we ex-
pected that the scores on the effort subtests are unrelated to demographic vari-
ables. On the other hand, consistent with the literature on tests of verbal memory 
such as Rey’s Auditory Verbal Learning Test (Messinis, Tsakona, Malefaki, & Pa-
pathanasopoulos, 2007; Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005; 
Schmidt, 1996) we hypothesized that performance on the conventional memory 
measures does correlate with demographic factors. Our hypotheses were that per-
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formance on all memory measures is (a) negatively related to age; (b) positively to 
level of education; and (c) is associated with gender in the such a way that women 
perform better than men. 

2. METHODS
2.1. PARTICIPANTS

Two groups of volunteer participants were involved in this study. The first group con-
sisted of 117 healthy Dutch adults, who took part in the study after providing written 
consent. To obtain a nationally representative sample of the Dutch population, the 
research sample was stratified for gender, three age levels and three levels of education 
based on data from Statistics Netherlands (Centraal Bureau voor de Statistiek, 2006; 
http://statline.cbs.nl). The cell frequencies were made to correspond to the percentag-
es of the Dutch population in the respective cells. Appropriate subjects were recruit-
ed in the circle of acquaintances of the investigators and subsequently the snow ball 
method was used, i.e. each participant was asked to provide names of other potential 
subjects. In line with the data from Statistics Netherlands, age groups ranged from 
20-40 years, 41-65 years and 66-80 years with corresponding average ages of 28.6 (SD 
= 7.1), 55.3 (SD = 7.6), and 72.9 (SD = 4.2), respectively. The low level of education 
group (LE low) consisted of persons with primary education only, the average level 
of education group (LE average) represented junior vocational training, and the high 
level of education group (LE high) contained participants with senior vocational or 
academic training. These three levels of education corresponded in our sample with 
an average of respectively 9.5 (SD = 0.9), 13.5 (SD = 0.9) and 17.7 (SD = 1.5) years of 
full-time formal education. Exclusion criteria were: (a) a history of physical or psychi-
atric disorders that could interfere with cognitive performance including neurological 
disorders or history of concussion; (b) pre-existent mental retardation; (c) the chronic 
use of psychotropic drugs; (d) substance abuse or alcohol intake of more than 3 units 
per day; (e) physical disability that interferes with neuropsychological testing, and (f) 
Dutch as a second language. 

The second group consisted of 40 healthy English speaking Canadian adult volun-
teers (Iverson et al., 1999). They were recruited by an advertisement posted on notice 
boards in office buildings and a newspaper. They were offered a free 10 dollar gift 
token for a local restaurant. If they took the tests, they got the free lunch. All partici-
pants were healthy functioning adults and fluent in English. Exclusion was based on 
self report of no psychiatric history and no neurological diseases. 
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2.2. MEASURES
The computerized assessment of the WMT requires participants to memorize a list of 
20 simple semantically related word pairs (e.g., “man” and “woman”). After the list is 
presented twice, a forced-choice Immediate Recognition subtest (IR) is displayed in 
which the person is asked to select the word from the original list (e.g., “man” from 
the word pair “man-boy”). Without advance warning, after a 30-minute delay the 
forced-choice Delayed Recognition subtest (DR) is administered in the same way as 
the IR, except that different foil words are used (e.g., “man-teenager”). Based on the 
performance on the IR and DR subtests, the computer calculates the consistency score 
(CNS) as percent agreement in responses between these two trials. Any score on the 
IR, DR and CNS measures below the recommended cut-off point is indicative of sub-
optimal effort. The effort measures are followed by four subtests of gradually increas-
ing difficulty, which measure verbal memory ability. These are conventional memory 
tests. The first is the Multiple Choice (MC) subtest in which the first word from each 
word pair is shown and the correct second word has to be chosen from eight options. 
On the Paired Associates (PA) subtest, the first word from each word pair is given by 
the investigator and the subject is asked to say the second word. The last two subtests 
are the Free Recall (FR) and the Long Delayed Free Recall (LDFR) subtests, in which 
participants are asked to recall as many words as possible from the original list of word 
pairs. The FR subtest is given immediately after the PA subtest and LDFR after another 
20-minute interval. Auditory and visual feedback is given after each response on the 
IR, DR and MC subtests. These measures, therefore, serve not only as effort subtests 
but also as additional learning trials, which assists motivated participants in learning. 
The PA subtest provides further exposure to the first words of each pair, again serving 
a dual purpose as a test of memory and as a learning trial, prior to free recall. 

2.3. PROCEDURE
All Dutch participants were tested individually at their homes by a psychology student 
of the University of Amsterdam. Students taking part in the testing of participants 
had been intensively trained in the administration procedures of the psychological 
measures involved (see below), and they were supervised by the first author (A.R.). 
Subjects were screened by means of a standardized interview at the beginning of the 
testing session, in order to exclude those with health problems or other exclusion cri-
teria as described above. Participants were assessed using the Dutch translation of the 
computerized version of the WMT (Green, 2003). Test instructions were given on 
screen, according to the guidelines for test administration in the WMT user’s manual. 
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In the 30-minute period between the immediate recognition and the delayed recogni-
tion trials and in the 20-minute interval between the free recall and the long delayed 
free recall subtests, other non-verbal neuropsychological tests were administered in 
order to avoid interference with the WMT material. This battery included the Trail 
Making Test (Reitan, 1992), the Stroop Colour Word test (Stroop, 1935), the Visual 
Reproduction subtest of the Wechsler Memory Scale-Third edition (Wechsler, 1997) 
and the Non-verbal Medical Symptom Validity test (Green, 2004). The complete as-
sessment took approximately an hour and a half. 

The Canadian participants were tested by a trained psychological assistant at a 
professional psychology office, applying the standard administration. An intelligence 
subtest was administered in the delay period after the IR subtest. 

2.4. STATISTICAL ANALYSIS
Participants who failed the effort subtests of the WMT were excluded from the anal-
ysis. Incomplete effort was defined by the cut-off points recommended in the WMT 
user’s manual (Green, 2003). To investigate the equality of means, paired samples 
t-tests were used for normally distributed variables. The Pearson Chi-square test and 
the Wilcoxon Signed Ranks test for paired data were employed for variables that were 
not normally distributed. Bonferroni correction of the level of significance was used 
to correct for multiple comparisons. Pearson’s r or Spearman’s rho were used to calcu-
late correlation coefficients. To asses possible relationships between the conventional 
memory subtests of the WMT and demographic variables (age, gender and years of 
education), stepwise multiple linear regression models were fitted, with the memory 
subtests of the WMT as dependent and the demographic variables as independent 
variables. Van der Waerden-normalized scores were used when the data were skewed 
and the transformed scores were applied in the regression analyses. All analyses were 
conducted using SPSS version 14.0 software for Windows. For all tests, values less than 
.05/6=.008 were accepted as significant.

3. RESULTS
In the Dutch sample of 117 healthy adults, two participants failed the WMT based on 
the recommended cut-offs. These subjects were excluded, since it is very likely that 
their WMT profiles were invalid. The first case was a 40 year old man with 14 years of 
education. He scored lower than an early dementia group on the easy subtests, while 
his scores on the more difficult subtests (Free Recall) were within the normal range. 
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This represents internal inconsistency, a function of inconsistent effort. The second 
case was a woman, 79 years of age who has had 14 years of education. She produced a 
very irregular profile that could be typical for dementia. 

In the Canadian group, all 40 cases passed the three WMT effort measures. As a 
result, a total of 115 Dutch participants and 40 Canadian subjects were included in 
this study. The Dutch sample was 47% male (N = 54), averaged 49.8 years of age (SD = 
18.4, range: 20-80), and had 13.9 years of education (SD = 3.3, range: 7-19). As can be 
seen in Table 1, their scores on the other neuropsychological tests administered were 
in the normal range. Forty-five percent of the Canadian sample was male (N = 18), 
the average age was 36.8 years (SD = 11.4, range: 16-68) and they had an average of 
14.6 years of formal education (SD = 1.7, range: 10-16). Their mean vocabulary subtest 
scaled score on the WAIS-R was 11.8 (SD = 3.9). 

TABLE 1 

Standard cognitive test scores for the Dutch sample (N=117)

Stroop test word reading 53.9 (11.6)*                            (28.7-80.9)

Stroop test color naming 54.9 (11.7)*                            (30.1-86.9)

Stroop interference test 54.8 (12.4)*                            (15.6-85.9)

Trail Making Test A 52.9 (11.2)*                            (25.8-82.3)

Trail Making Test B 55.3 (9.9)*                              (34.0-76.3)

WMS-III VR immediate 10.0 (3.1)**                                (2-18)

WMS-III VR delayed 11.6 (2.7)**                                (5-18)

WMS-III percent retained 12.2 (2.6)**                                (5-18)

 
Values are mean (SD) and range. 

WMS-III VR = Wechsler Memory Scale- Third edition Visual Reproduction subtest

* T-scores corrected for age, education and gender

** Wechsler Scaled-Scores corrected for age
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3.1. EQUIVALENT DIFFICULTY OF THE DUTCH AND 
CANADIAN WMT SUBTEST MEANS  

To compare the mean WMT subtests scores of the Dutch and the Canadian partici-
pants, each Canadian was matched to a Dutchman by gender, age and years of educa-
tion. Five Canadian subjects could not be matched because they were younger than 20 
years of age. This resulted in a total of 35 subjects in both groups. After the matching 
procedure there were no significant differences between groups (gender: χ² (df = 1) = 
.21, p = .65; age: Z = -1.22, p = .22; education: Z = -0.99, p = .32). Figure 1 shows the 
mean WMT subtest scores of the matched Dutch and Canadian sample. We found no 
significant differences between groups on any of the WMT subtests (IR: Z = -2.56, p = 
.011; DR: Z = -0.37, p = .71; CNS: t(39) = 1.33, p = .19; MC: Z = -0.53, p = .59; PA: Z= 
-0.92, p = .36; FR: t(34) = 1.65, p =.11; LDFR: t(34) = 0.35, p = .73).

FIGURE 1

Mean WMT subtest scores of the matched Canadian and Dutch samples
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3.2. INFLUENCE OF DEMOGRAPHIC VARIABLES ON WMT SUBTESTS

Given the high similarity between the mean WMT subtest scores of the matched 
Dutch and Canadian subjects, we decided to combine both datasets. This resulted in 
a total sample of 155 participants. Descriptive data for the entire sample are provided 
in table 2. 

Anne_brains_proefschrift_2_corr_NOBASE_DEF.indd   23 01-12-14   09:57



24

Differential diagnosis in the memory clinic:

TABLE 2

Descriptive characteristics of the sample (N  = 155)

Age group

Age Level of education 

Male:female

ratioN M SD Low Average High

20-40 65 29.03 7.47 12 28 25 31:34

41-65 63 53.27 7.83 10 28 25 27:36

66-80 27 72.44 4.11 6 13 8 14:13

Total 155 46.45 17.78 28 69 58 72:83

Table 3 shows the correlations between gender, age and years of formal education 
and the WMT subtests. No significant associations were found between any of the 
WMT subtest scores and gender. However, the scores on the WMT effort measures 
as well as the performance on the conventional memory subtests of the WMT were 
significantly related to age and years of formal education.

TABLE 3 

Correlation coefficients gender, age and education and WMT subtests

IR¹ DR¹ CNS¹ MC¹ PA¹ FR² LDFR²

Gender -.01 .02 .01 .03 -.04 .11 .12

Age -.22** -.18* -.27** -.34** -.32** -.36** -.38**

Education .24** .16* .31** .32** .30** .27** .29**

**. Correlation is significant at the .01 level (2-tailed)

*.   Correlation is significant at the .05 level (2-tailed)

¹ Spearman rank correlation

² Pearson’s r correlation
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A series of stepwise multiple regression analyses was conducted with each of the 
memory subtests of the WMT as the dependent variable, and gender, age and years 
of education as the predictors. The scores on the MC and PA subtests were Van der 
Waerden transformed into z-scores. Table 4 presents the regression weights, the stan-
dard errors and the proportions of explained variance for the entire sample. 

TABLE 4 

Multiple linear regression models of the WMT memory subtests following a step-down procedure

Score Variable B

Std. Error 

B t p R² SEst

M
em

or
y 

su
bt

es
ts

 W
M

T

MC (Constant) .346 .109 3.165 .002 .202 .246

Age -.005 .001 -4.838 <.001

Education .029 .007 4.273 <.001

PA (Constant) .330 .111 2.984 .003 .191 .249

Age -.005 .001 -4.551 <.001

Education .029 .007 4.263 <.001

FR (Constant) 59.358 6.079 9.765 <.001 .193 13.72

Age -.313 .062 -5.023 <.001

Education 1.400 .373 3.754 <.001

LDFR (Constant) 51.194 7.644 6.697 <.001 .239 14.89

Age -.373 .068 -5.517 <.001

Education

Gender

1.756

4.777

.405

2.402

4.335

1.988

<.001

.049

The pattern of beta weights was comparable with the correlations in table 3, with 
age and years of education both making significant contributions to the prediction of all 
WMT memory scores. In general, performance on the WMT memory subtests declined 
with increasing age and more highly educated participants scored significantly better 
than less educated subjects. The R² values indicated that age and education explained up 
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to 20% of test score variance. Gender only made a significant contribution to the predic-
tion of the LDFR subtest score, explaining together with age and years of education 24% 
of test score variance. Table 5 provides means and standard deviations for all WMT sub-
tests stratified by age and level of education. Regression equations to calculate standard 
scores for the FR and LDFR subtests are given in the Appendix.

4. DISCUSSION
This study provides improved reference data for the WMT memory measures. We 
extended the sample of normal adult controls and investigated the influence of demo-
graphic characteristics. As hypothesized, age as well as education accounted for a sub-
stantial proportion of the variance in performance on every memory subtest. More 
specifically, memory scores declined with increasing age, and participants with higher 
levels of education performed better than participants with lower educational levels. 
These findings are consistent with reports in the literature that age and years of formal 
education influence performance on tests of verbal memory, such as Rey’s Auditory 
Verbal Learning Test (Messinis et al., 2007; Van der Elst et al., 2005; Schmidt, 1996). 
Contrary to expectations, gender only explained a small proportion of the variance in 
performance on the LDFR subtest. 

Previous research showed that performance on the WMT effort subtests is almost 
entirely independent of age and education (Green et al., 1996; Green et al., 2002). 
Yet, the current results did show that these subtests were significantly related to these 
variables. A possible explanation for this discrepancy may be the broader age range of 
the Dutch sample (20 – 80 years), in comparison to previously used research groups. 
In younger age groups, effects of demographic variables might be masked by ceiling 
effects. In contrast, elderly participants show decline of performance with advanc-
ing age. Also, it may be noted that, although statistically significant, the variations in 
scores on the IR and DR subtests by age and education are clinically insignificant. In 
table 5, it can be seen that the mean IR and DR values vary between 96% and 99.5% 
in all cases, which is a range of less than four percentage points. In contrast, on the FR 
and LDFR  subtests, the scores varied between 50% and 82% correct, representing a 
range of 32 percentage points. Consequently, even though we picked up some effect 
of age and education on IR and DR, this does not have implications for the use of the 
WMT effort measures in clinical practice, since the lowest scores were still above the 
cut-off score for insufficient effort. 
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In evaluating the generalizability of the present findings, several potential limitations 
need to be mentioned. One limitation concerns the question whether it was justified to 
combine the Canadian and the Dutch datasets. The differences in mean subtest scores 
between the two language versions were not significant after matching the Dutch and 
Canadians for age, gender and years of education. Without the Bonferroni correction, 
however, the Dutch sample scored slightly, but significantly, higher than the Canadian 
participants on the IR subtest. Nevertheless, it still is justified to combine the two data-
sets. The difference in mean IR score is very small, and it is actually irrelevant, since 
IR is an effort measure where a score above the cut-off is the only thing that matters. 
Another limitation is the small sample size in some of the cells of the age by education 
matrix. It would have been desirable to have included more subjects in general and 
especially more elderly participants with a low level of education. Finally, it is ques-
tioned whether the reference data of the English and Dutch forms are applicable to 
other language versions of the WMT. Future research should establish this empirically. 

In conclusion, our study showed significant effects of age and years of education 
on WMT conventional memory subtests. The results suggest that these two variables 
need to be taken into account, in order to evaluate an individual’s memory perfor-
mance accurately. Furthermore, we expanded the sample of adult normal controls and 
present reference data stratified by age and level of education. As mentioned in the 
introduction, this has enlarged the area of application of the WMT. These reference 
data may facilitate a more efficient use of the conventional memory subtests. However, 
more reference data are welcomed, since the size of the present sample still is too small 
for a proper standardization.

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   27 24-11-14   14:38



28

Differential diagnosis in the memory clinic:

TABLE 5 

Means and SD’s for WMT subtests stratified by age and level of education

Le
ve

l o
f 

ed
uc

at
io

n

Age IR DR CNS MC PA FR LDFR

Low 20-40 98.4 (2.2) 98.4 (2.3) 97.2 (3.6) 91.3 (6.4) 88.3 (9.4) 65.3 (9.4) 62.8 (22.5)

41-65 97.1 (4.1) 98.6 (3.2) 96.7 (4.2) 88.5 (11.6) 82.0 (17.2) 65.6 (17.7) 60.0 (15.9)

66-80 97.5 (2.2) 97.2 (2.5) 95.0 (3.5) 80.0 (12.3) 78.3 (12.1) 50.9 (8.5) 53.1 (9.7)

Average 20-40 98.3 (2.7) 98.4 (2.9) 98.2 (3.2) 94.8 (7.3) 92.5 (10.5) 65.5 (16.4) 67.3 (16.9)

41-65 98.0 (2.9) 97.8 (2.8) 95.5 (4.4) 89.1 (8.3) 87.1 (10.4) 56.8 (12.5) 59.5 (16.1)

66-80 96.3 (4.2) 98.0 (2.9) 95.3 (4.7) 87.3 (13.6) 85.0 (14.4) 57.6 (15.9) 57.7 (15.2)

High 20-40 99.7 (.82) 99.3 (1.3) 98.8 (1.9) 97.6 (3.5) 97.2 (3.3) 78.4 (12.2) 81.6 (11.8)

41-65 98.8 (2.1) 99.2 (1.4) 99.7 (.85) 96.6 (5.5) 94.8 (6.2) 68.2 (11.2) 71.5 (9.0)

66-80 96.6 (4.4) 96.1 (4.7) 95.8 (5.1) 82.5 (16.7) 81.3 (20.1) 54.5 (13.9) 55.3 (18.5)
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Appendix
1. Standard scores Free Recall subtest

expected Free Recall score = 59.4 - 0.31 x age + 1.4 x education

T-score Free Recall = 50 + 10 x (observed Free Recall - expected Free Recall) / SEE 

T-score Free Recall = 50 + 10 x (observed Free Recall – (59.4 - 0.31 x age + 1.4 x education)) / 

13.7

2. Standard scores Long Delayed Free Recall subtest

expected Long Delayed Free Recall score = 51.2 - 0.37 x age + 1.76 x education + 4.78 x gender

T-score Long Delayed Free Recall = 50 + 10 x (observed Long Delayed Free Recall - expected 

Long Delayed Free Recall) / SEE 

T-score Long Delayed Free Recall = 50 + 10 x (observed Long Delayed Free Recall – (51.2 - 0.37 x 

age + 1.76 x education + 4.78 x gender)) / 14.9

N.B. Education = years of full-time formal education

    Gender: 1= male     2= female
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ABSTRACT
Validation studies of symptom validity tests (SVTs) in children are uncommon. 
However, since children’s cognitive abilities are not yet fully developed, their 
performance may provide additional support for the validity of these measures 
in adult populations. 
Four SVTs, the Test of Memory Malingering (TOMM), the Word Memory Test 
(WMT), the Amsterdam Short Term Memory (ASTM) test and the Word Com-
pletion Memory Test (WCMT), along with several neuropsychological instru-
ments were administered to 48 Dutch school children aged 7 to 12. All children 
scored above the established adult cut-offs on the TOMM and the WMT. They 
could pass the ASTM test if their reading skills were at a level equivalent to that 
of 9 year olds. All children passed our criterion of a negative WCMT score. How-
ever, the WCMT does seem sensitive to level of verbal fluency. Implications for 
the applicability of these SVTs in adult populations are discussed.
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1. INTRODUCTION
Clinicians and researchers have become increasingly concerned about the impact of 
suboptimal effort on neuropsychological test performance, because this may reduce 
the validity of test results (Constantinou et al., 2005; Green & Grant, 2001; Slick et al., 
2004). Consequently, it is recommended that objective tests of effort be used, espe-
cially when compensation claims are involved (Bush et al., 2005; Iverson & Binder, 
2000). In recent years, multiple methods and measures have been developed to assess 
suboptimal performance (Bianchini et al., 2001; Larrabee, 2003). When using effort 
measures in clinical practice, clinicians should ensure that their validity has been ad-
equately investigated. There is, however, no gold standard to determine with certainty 
whether examinees are exerting suboptimal performance other than the effort tests 
being investigated (Cercy et al., 1997). The most convincing results concerning the 
sensitivity of a SVT would be obtained from examinees who admit to exert insuffi-
cient effort. Unfortunately, those people will rarely make such confessions. Therefore, 
it is impossible to directly determine the criterion validity of SVTs.  

Until now, the validation of effort measures has generally been done with four dif-
ferent types of studies. First, normative research has been conducted with cognitively 
intact adults (e.g., Bolan et al., 2002; Iverson et al., 1999; Rees et al., 1998; Schagen 
et al., 1997). Second, the specificity of SVTs has been studied in clinical populations 
consisting of patients with neurological disorders (e.g., Howe et al., 2007; Macciocchi 
et al., 2006; Mathias et al., 2002) and psychiatric syndromes (e.g., Ashendorf et al., 
2004; Gorissen et al., 2005; Weinborn et al., 2003). Third, in the absence of a gold 
standard for malingering (i.e., confessions of malingerers), numerous analogue stud-
ies with experimental malingerers have been conducted (e.g., Brockhaus & Merten, 
2004; Haines & Norris, 2001; Iverson & Franzen, 1996; Merten et al., 2005; Rees et 
al., 1998) to establish the sensitivity of SVTs. For the same reason, much research has 
been conducted in litigating populations (e.g., Gervais et al., 2004; Green et al., 1999; 
Stevens et al., 2008). 

Whereas most SVTs have been validated by testing adults from various popula-
tions, validation studies using children are scarce. One may assume, however, that 
children’s performance on SVTs provides additional support for the specificity of 
these tests. Most cognitive abilities increase as a function of age (e.g., Anglin et al., 
1993; Fry & Hale, 1996; Rueda et al., 2004; Romine & Reynolds, 2005). Therefore, the 
performance of children on cognitive tests, including SVTs, can serve as a ‘child mod-
el’ of adult cognitive impairments, in a similar way as animal models are being used to 
investigate human diseases. If it can be shown that the immature cognitive abilities of 
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young children do not interfere with performance on SVTs, then this would provide 
evidence in support of the assumption that effort measures are relatively insensitive to 
mild cognitive disorders at an adult age.

In earlier reports it has been described that children may not always put forth 
maximal effort during evaluations (Baron et al., 1995; Lu & Boone, 2002). Further-
more, it has been shown that they can be coached successfully to feign or exaggerate 
neuropsychological impairment and that invalid data resulting from deception are 
not easily detected by clinicians (Faust et al., 1988; Faust et al., 1988; Hall & Pritchard, 
1996). As a result of these works, previous studies on SVT performance in children 
have focused primarily on the question whether well-established SVTs could be use-
ful in the evaluation of effort in paediatric assessments. Constantinou and McCaffrey 
(2003) reported that the performance of children as young as 5 years of age on Trial 
2 of the Test of Memory Malingering (TOMM; Tombaugh, 1996) was comparable to 
that of healthy adults. Subsequent studies in the USA and Germany (Blaskewitz et 
al., 2008; Nagle et al., 2006) replicated this finding in children aged 6 years. Finally, 
Donders (2005) demonstrated that even in a sample of children with a wide range 
of clinical diagnoses, more than 90% of the 6 to 8 year olds exceeded the established 
adult cut-offs for sufficient effort. The same pass rate was found in children between 6 
and 17 years of age with a diagnosis of epilepsy (MacAllister et al., 2009).

Also for the Word Memory Test (WMT; Green et al., 1996), several researchers 
have investigated whether it is potentially useful as a measure of effort in children. 
Based on data from 135 children between the ages of 7 and 18 years, again with a vari-
ety of clinical diagnoses, Green and Flaro (2003) suggested that most children aged 7 
years or above with at least a grade 3 reading level can pass the WMT using the adult 
criteria. These results supported the authors’ previous findings that 90% of children 
aged 8 to 18 years could pass all WMT effort subtests (Flaro et al., 2000). Courtney 
et al. (2003), however, found that performance on the WMT effort measures was sig-
nificantly related to age and reading level, with only children of 11 years and older 
producing results similar to those of adult participants.    

The present investigation aimed to determine whether the validity of several effort 
measures that are frequently used in clinical practice could be bolstered with the per-
formance of children. The questions of interest were (a) whether young children are 
able to pass the adult criteria of SVTs, (b) whether their performance is comparable to 
that of healthy adults, and (c) which cognitive immaturities might be responsible in 
case children would not be capable of successfully completing the SVTs.
Dutch schoolchildren between the ages of 7 and 12 years were administered four SVTs 
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along with several neuropsychological instruments. The WMT is one of the most 
widely researched and most sensitive effort tests used in adults (Hartman, 2002). The 
TOMM is a non-verbal SVT with high specificity and little impact of cultural factors. 
Furthermore, the TOMM has been described as the effort measure most commonly 
used by neuropsychologists who are expert in handling injury cases (Slick et al., 2004). 
Two other SVTs that may add valuable information are the Amsterdam Short-Term 
Memory test (ASTM test; Schmand & Lindeboom, 2004) and the Word Completion 
Memory Test (WCMT; Hilsabeck & LeCompte, 1997). The ASTM test is the first SVT 
that masks the obvious a priori probability of a correct response (which is 50% for 
most SVTs) by requiring the examinees to select three out of five target words on each 
trial (Lezak et al., 2004). The WCMT is a priming/implicit memory measure, which 
makes it the first SVT that has the potential to show that participants are deliberately 
exerting suboptimal effort. This task is based on a process dissociation procedure de-
veloped by Jacoby (1991). Process dissociation provides a framework for measuring 
the independent contributions of consciously controlled and automatic memory pro-
cesses. The rationale behind the approach is that “conscious control can be measured 
as the difference between performance when a person is trying to as compared with 
trying not to use information from some particular source” (Jacoby, 1991; p.527). On 
the WCMT, participants are first instructed to complete word stems with words from 
a previously studied list. On a second task, examinees are asked to complete word 
stems with words that were not included in a previously studied list. The difference 
score between these conditions is hypothesized to be an estimate of the conscious 
control of participants over their memory for the previously studied words.

In the light of previous research (Blaskewitz et al., 2008; Constantinou & McCaf-
frey, 2003; Donders, 2005; Green & Flaro, 2003; Nagle et al., 2006), it was hypothesized 
that all children, irrespective of their age, would be able to pass the TOMM and the 
WMT according to the established adult cut-offs, and that their performance would 
be comparable to that of healthy adults. In the absence of relevant previous studies, no 
predictions were made for the ASTM test and the WCMT. 

If it would turn out that children fail these SVTs, it was anticipated that perfor-
mance on the WMT and the ASTM test would be affected by low reading level. This 
anticipation was based on the findings of earlier studies that performance on the WMT 
was significantly related to reading ability (Courtney et al., 2003; Green & Flaro, 2003). 
Since the presentation time of the ASTM stimuli is limited, the same was expected for 
this task. For the ASTM test, as well as for the WCMT, it was further hypothesized 
that test scores would be related to level of vocabulary, because it is easier to remember 
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familiar than unfamiliar words (Brandt et al., 2005; Hulme et al., 1991). In addition, 
it was expected that WCMT performance would be associated with verbal fluency 
because the WCMT requires the generation of words to complete word stems. Finally, 
consistent with previous findings (Merten et al., 2007) of low correlations of SVTs 
with the Trail Making Test (TMT; Reitan, 1992) and Digit Span (Wechsler, 1997), we 
hypothesized that attention and concentration would not affect SVT performance.  

2. METHODS
2.1. PARTICIPANTS

In this study 48 Dutch children between the ages of 7 and 12 years (M = 119.3 months, 
SD = 19.3) participated. Children were recruited in grades 2 through 6 from two dif-
ferent elementary schools. On both schools, four children (two boys and two girls) 
were randomly selected for each age. Exclusion criteria were: (a) learning disabilities 
based on information acquired from the child’s school record; (b) a history of physical 
(including neurological) conditions or psychiatric disorders that could interfere with 
cognitive performance; (c) Dutch as a second language. 

2.2. PROCEDURE
Permission for the conduction of the study was obtained from the Institutional Review 
Board of the Psychology Research Institute of the University of Amsterdam. A letter 
with a detailed description of the study was sent to the parents or other legal guardians 
of the children who were randomly selected to participate. Written informed con-
sent was given by the parents. Participation was strictly voluntary. At their schools, 
the children were administered a test battery containing several neuropsychological 
instruments (see Materials section). Data regarding reading ability were collected by 
gathering the most recent scores on a speeded reading test (see Materials) from the 
children’s school records. Children were tested individually by the first author. The 
complete assessment took approximately an hour and a half. The children were in-
structed to perform optimally on all measures. Independent of their performance, all 
participants were allowed to choose a small present at the end of the test session. 

The order of tests was fixed to the sequence described below (with the WMT DR 
subtest and the TOMM Retention Trial administered subsequent to the TMT and the 
WCMT, respectively). The sequence was chosen in such a way that potential inter-
ference of similar test modality was prevented, and that tests measuring effort were 
alternated with those assessing cognitive abilities. However, to control for effects of 
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test order and fatigue, the initial and final tests were counterbalanced across partic-
ipants. Half of the children started the test session with the ASTM test, whereas the 
other half started with the WCMT. Furthermore, two different versions of the WCMT 
were used. To investigate the possible influence of their composition, the two WCMT 
word lists were counterbalanced across the Inclusion and Exclusion subtests. Finally, 
to compare the equivalence of the computerized and orally administered WMT, the 
oral form of the WMT was given to one half of the children and the computerized test 
was given to the other half. On both schools and for each age level, at random two out 
of four children were given the oral form of the WMT.

2.3. MATERIALS
Three-Minutes-Test (3-MT; Verhoeven, 1995). This speeded reading test is periodically 
administered by Dutch schools as part of a pupil monitoring system for 4- to 12-year 
olds. The 3-MT consists of three reading cards of increasing difficulty with words of 
varying complexity. Children are instructed to read aloud as many words as possible 
in one minute. Reading level is determined by the total number of words that is read 
correctly. For this study, we only used the test score on card 3. 

Amsterdam Short-Term Memory test (ASTM; Schmand & Lindeboom, 2004). The 
ASTM test is a 30-trial word recognition test. Each trial consists of five words from a 
particular semantic category (e.g., five vegetables), which participants are instructed 
to read aloud and to memorize. Subsequently, the participant has to solve a relatively 
simple addition or subtraction problem. Finally, participants have to select three out 
of five words (containing two semantically related foils) which they recognize from 
the first list. 

Controlled Oral Word Association Test (COWAT; Benton & Hamsher, 1976). Partic-
ipants are instructed to orally generate words that begin with the letters M and K in 
two separate, 1-minute trials, excluding proper nouns, numbers and the same words 
with a different suffix.

Word Memory Test (WMT; Green et al., 1996). The WMT is a word list learning 
task. In the computerized version, a list of 20 semantically related simple word pairs 
is presented twice. Subsequently, participants are required to select the 40 original 
words in a two-alternative forced-choice recognition test containing semantically re-
lated foils (the Immediate Recognition (IR) subtest). Without advance warning after 
a 30-minute delay, the Delayed Recognition (DR) subtest is administered in the same 
way as the IR subtest, except for using different foils. Based on the performance on the 
IR and DR subtests, the computer calculates the consistency score (CNS) as a percent 
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agreement in responses between these two trials. Any score on the IR, DR and CNS 
measures below the recommended cut-off point is indicative of suboptimal effort. The 
oral version consists of identical stimulus words and subtest procedures. The differ-
ence with the computerized WMT is that the words are read aloud to the participants 
in the learning phase and that they orally choose words from the words pairs that are 
read aloud in the recognition subtests. 

Test of Memory Malingering (TOMM; Tombaugh, 1996). The TOMM is a two-al-
ternative forced-choice recognition task consisting of three trials. In Trial 1, a total of 
50 line drawings are presented for three seconds each. Subsequently, a recognition 
trial is administered, in which one of the previously presented pictures is shown again 
along with a new one. Participants are required to select the picture that was shown 
during the learning trial. Trial 2 is identical to Trial 1, except for containing different 
foil drawings. Approximately 15 minutes after Trial 2, the Retention Trial is adminis-
tered, applying the same procedure except for not re-administering the target pictures. 
Again, different foil drawings are used. 

Subtest Digit Span from the WISC-III (Wechsler, 1991). In the Digit Span subtest 
children are given sequences of numbers orally and are asked to repeat them, either as 
heard or in reverse order. 

Trail Making Test (TMT; Reitan, 1992). The Trail Making test consists of two parts, 
A and B. In part A, examinees are asked to draw lines to connect consecutively num-
bered circles. Part B requires participants to connect consecutively numbered and let-
tered circles by alternating between the two sequences. Participants are urged to work 
as fast as possible. For this study, we used the Intermediate Version of the TMT which 
consists of 15 stimuli for both parts A and B. 

Subtest Vocabulary from the WISC-III (Wechsler, 1991). In the Vocabulary subtest 
participants are asked to give definitions of words of increasing difficulty. 

Word Completion Memory Test (WCMT; Hilsabeck & LeCompte, 1997). The 
WCMT has two subtasks, Inclusion and Exclusion. In the Inclusion subtest, each of 
30 words is read aloud to the participants. Subsequently, the examinees repeat the 
word out loud and rate it for pleasantness. Then participants are asked to complete 
word stems with words from the previously presented list from memory (i.e., the in-
clusion task). In the Exclusion task, the participants repeat and rates 30 other words 
but are then instructed to complete word stems with words that were not included in 
the previously presented list (i.e., the exclusion task). This yields three scores: (1) an 
I score, which is the number of stems completed with words from the list presented 
in the Inclusion subtest; (2) an E score, which is the number of stems completed with 
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words from the list presented in the Exclusion subtest; and (3) an R score, which is 
the difference between the I and the E score. This difference score is hypothesized 
to be a measure of the participants’ conscious control over their memory of the pre-
viously studied words (Hilsabeck et al., 2001). Persons who are simulating memory 
impairment are expected to obtain a negative R score, because their intentionally poor 
memory performance would result in few word stems completed with words from 
the previously presented list on the Inclusion subtest and many stems completed with 
words from the list on the Exclusion subtest (Hilsabeck et al., 2001).

For this study, a Dutch translation of the original English WCMT was developed. 
To enable a comparison between the two language versions, we attempted to match the 
administration procedures as closely as possible. However, the Dutch WCMT is distinct 
from the English version in three aspects. First, contrary to the original Hilsabeck et al. 
(2001) study in which a cut-off of <9 for the R score was used, an R score equal to or low-
er than zero was defined as the cut-off. This is more consistent with the assumption that 
malingers who are exerting suboptimal effort deliberately obtain a negative R score. Sec-
ond, whereas the English version uses a 7-point scale to rate the words for pleasantness, a 
scale ranging from 1 to 10 was applied in the Dutch WCMT. This was done to make the 
task of rating words for pleasantness more accessible to children. Giving marks ranging 
from 1 to 10 resembles the evaluation system that is used in Dutch schools. Third, since 
the completion frequencies for word stems differ between the English and the Dutch 
language, it was not possible to translate the English words. In addition, the English word 
lists contain words with which young children are not familiar. Therefore, the Dutch 
word lists are composed of other words. These words were chosen by selecting all three 
letter word stems from a list of word stems with completion frequencies corresponding 
to those of the English version (Phaf & Wolters, 1991). Then, for each word stem, two 
words were selected with which the word stem had been completed. The completions 
with highest and lowest frequencies were not used in order to prevent that correct (or 
incorrect) responses would depend on completion frequency, rather than on memory 
performance. Subsequently, we checked in a vocabulary word list for 6 year olds whether 
the selected words may be considered as part of their passive lexicon (Kohnstamm et al., 
1981). This resulted in a list of 60 suitable words that was subdivided into two halves. The 
two word lists were matched for completion frequency (Phaf & Wolters, 1991), word 
frequency over a total of one million (Baayen et al., 1995), and word length. 

Paired samples t-tests revealed that there were no significant differences between 
the word lists on any of the variables (Completion frequency: t(29)= -1.21, p = .24; 
Word frequency: t(29) = .02, p = .98; Word length: t(29) = .39, p = .69).
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2.4. STATISTICAL ANALYSIS
All analyses were conducted using SPSS (version 16.0) for Windows. For all tests, p 
values less than .05 were accepted as significant. To investigate the possible influence 
of test order and fatigue, the composition of the WCMT word lists and the WMT ver-
sion, separate univariate analyses (independent t-tests) were performed for normally 
distributed variables. Non-parametric statistics (separate Mann-Whitney tests) were 
used for variables that were not normally distributed. Mann-Whitney tests were also 
used to test whether the performance of children was comparable to that of healthy 
adults in case raw adult comparison data were available. If these data were not avail-
able, 95% confidence intervals of children’s mean SVT scores were computed to ex-
plore the comparability of test scores. Pearson’s r correlations were used to document 
associations among SVT test scores and performance on standard neuropsycholog-
ical tests with normally distributed scores. Where bivariate comparisons involved a 
non-normally distributed variable, Spearman’s rho rank-ordered correlations were 
calculated. 

To examine possible relationships between the SVTs and cognitive abilities, mul-
tiple linear regression analysis was performed on normally distributed variables, 
whereas logistic regression analysis was performed on non-normally distributed vari-
ables. In both approaches, the SVT scores served as the dependent and the cognitive 
abilities as the independent variables. To reduce the number of variables, test scores 
on attention and concentration tasks were combined into a summary domain score. 
The raw scores of the Trail Making Test part A, part B and the total Digit Span of 
the WISC were transformed into z-scores, which were subsequently transformed into 
mean z-scores. For both regression analyses we used a stepwise procedure, which may 
capitalize on chance fluctuations in the data. Therefore, also partial correlation was 
used to explore the relationships between the SVTs and each neuropsychological test, 
partialling out the effect of the other tests. 
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3. RESULTS
Of the 48 children that were initially selected, three dropped out. Two did not want to 
participate, and one did not get permission from his parents. They were replaced by 
three other randomly selected children. 

3.1. CONTROL FOR THE EFFECTS OF TEST ORDER, MATERIAL AND 
MODALITY 

There were no significant differences between the ASTM test scores of children who 
started or ended the test session with this task (U = 280.50, p = .88). Similarly, there 
were no significant differences between the two groups on the three WCMT measures 
(I score: t(46) = -.51, p = .61; E score: U = 259.00, p = .54; R score: t(46) = -.33, p = .74).

Counterbalancing the two word lists across the Inclusion and Exclusion subtests 
neither resulted in significant differences on WCMT scores (I score: t(46) = -1.50, p = 
.14; E score: U = 230.50, p = .23; R score: t(46) = -.94, p = .35). 

Using the Bonferroni correction, we found no significant differences between 
scores on the computerized and orally administered WMT on any of the subtests 
(WMT IR: U = 121.00, p = .02; WMT DR: U = 195.50, p = .60; WMT CNS: U = 
143.50, p = .08; WMT MC: U = 133.00, p = .04; WMT PA: U = 162.00, p = .19; WMT 
FR: t(46) = 1.57, p = .13).

3.2. CAPABILITY OF CHILDREN TO PASS THE ADULT CRITERIA OF SVTS
Figures 1 to 4 show the scatter plots of the scores on the four SVTs against the children’s 
age. All children scored above the established cut-offs for adults on the TOMM (Trial 
2 and Retention Trial). Similarly, all children passed the WMT using the adult criteria. 
Five children (10%) failed the ASTM test, all of them being younger than 9 years old. At 
the WCMT, all children passed according to the cut-off score as defined in this study. 
However, using the original criterion of this test, 17 of the 48 children (35%) failed.

3.3. COMPARABILITY OF CHILDREN’S AND ADULTS’ SVT PERFORMANCE
In the absence of raw adult comparison data, qualitative analyses showed that chil-
dren’s scores on Trial 2 and the Retention Trial of the TOMM were practically com-
parable to those of normal adult controls (Tombaugh, 1997). Children’s WMT scores 
were tested against available data from 155 normal adults ranging in age from 20 to 80 
years (M = 46.45, SD = 17.78; Rienstra et al., 2009). For all WMT subtests, we found 
significant differences between groups, with adults outperforming children (IR: Z = 
-5.08, p = <.001; DR: Z = -2.19, p = .028; CNS: Z = -3.78, p = .<001). Likewise, on the 
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ASTM test, the mean score of children was significantly lower than that of 125 control 
participants younger than 65 years of age (M = 32.9, SD = 15.2; Schmand & Linde-
boom, 2004; Z = -5.49, p = <.001). Finally, a qualitative comparison of the children’s 
WCMT R scores with those of 69 undergraduates (Hilsabeck et al., 2001) revealed a 
remarkable difference, in favour of the adults. 

FIGURE 1

Distribution Test of Memory Malingering (TOMM) scores by age
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FIGURE 2

Distribution Word Memory Test (WMT) subtest scores by age
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FIGURE 3

Distribution Amsterdam Short Term Memory (ASTM) test scores by age
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FIGURE 4

Distribution Word Completion Memory Test (WCMT) scores by age
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3.4. INFLUENCE OF COGNITIVE IMMATURITIES ON SVT PERFORMANCE
Correlation coefficients between the effort measures and the neuropsychological tests 
are presented in Table 1. Since Trial 2 of the TOMM is a constant value, no calcula-
tions could be made for this subtest. The Retention Trial of the TOMM was unrelated 
to any of the cognitive tests. Similarly, for the WMT IR and CNS subtests no signif-
icant associations were found. The scores on the DR subtest of the WMT, however, 
were significantly correlated to all ability tests except Trail Making Test part A. For 
the ASTM test, significant relationships were found with the letter fluency task, WISC 
total Digit Span and the 3-MT. The WCMT R score was also positively related to these 
cognitive tests and, in addition, negatively to Trail Making Test part B.

TABLE 1 

Correlation coefficients symptom validity tests and neuropsychological tests

COWAT

TMT

part A

TMT

part B

WISC

Total Digit 

Span

WISC

Vocabulary 3-MT

TOMM Trial 1 .42** -.27 -.35* .15 .21 .21

TOMM Retentiona .26 .10 .03 .09 .02 .00

WMT IRa .04 -.05 .00 .03 .16 .17

WMT DRa .42** -.10 -.47** .41** .54** .49**

WMT CNSa .19 -.08 -.14 .19 .30 .25

ASTMa .39** -.20 -.25 .31* .24 .46**

WCMT R scoreb .53** -.27 -.30* .34* .26 .30*

Note. TOMM Retention= Test of Memory Malingering Retention Trial; WMT IR= Word Memory Test Immediate 

 Recognition; WMT DR= Word Memory Test Delayed Recognition; WMT CNS= Word Memory Test Consistency; ASTM= 

Amsterdam Short Term Memory test; WCMT R score = Word Completion Memory Test R score; COWAT= Controlled 

Oral Word Association Test; TMT= Trail Making Test; WISC= Wechsler Intelligence Scale for Children.
a Spearman rank correlation.
b Pearson’s r correlation.
* Correlation is significant at the .05 level (two-tailed).
** Correlation is significant at the .01 level (two-tailed).

For the two SVTs on which children failed, regression analyses were conducted with 
the SVT score as the dependent variable and the letter fluency task, 3-MT, WISC Vo-
cabulary and the composite measure of attention and concentration as the predictors. 
Due to the uneven distribution of the sample across the two categories on the ASTM 
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test (only 5 participants failed; 10.4%), there is an a priori probability of correct clas-
sification of 89.6%. The stepwise logistic regression analysis, however, showed that 
inclusion of the 3-MT score into the model significantly increased classification accu-
racy to 95.8% (model Chi-square = 23.82; df = 1; p = .04). Additional inclusion of the 
other predictors failed to significantly improve the regression model. Consistent with 
this result, partial correlation showed the strongest association between the ASTM 
test and the 3-MT, controlling for COWAT and WISC Total Digit Span (r = .61). 

To assess possible relationships between the WCMT R score and performance on 
cognitive tests a multiple linear regression model was fitted. The results indicate that 
only performance on the letter fluency task made a significant contribution to the pre-
diction of the WCMT R score (F(4; 43) = 4.54, p = .004). The letter fluency test score 
explained 29% of the WCMT score variance. Correspondingly, the strongest partial 
correlation (r =.40) was found between the WCMT R score and COWAT, controlling 
for WISC Total Digit Span, TMT part B and 3-MT.

4. DISCUSSION
This study aimed to provide further evidence for the validity (specificity) of effort 
tests, by showing that children (whose cognitive skills are not yet fully developed) can 
pass SVTs. 

First, we examined whether young children are able to pass the adult criteria of 
SVTs. In accordance with our hypotheses, the results indicated that all children passed 
the established adult cut-off for TOMM Trial 2 and the Retention Trial. This is also 
consistent with earlier reports that children as young as 5 years of age are able to pass 
this test (Blaskewitz et al., 2008; Constantinou & McCaffrey, 2003; Donders, 2005; 
Nagle et al., 2006; MacAllister et al., 2009). In fact, all children in our study achieved 
the maximum score on Trial 2. As expected, and in line with previous studies (Flaro 
et al., 2000; Green & Flaro, 2003), all children were also able to pass the WMT effort 
subtests according to the adult criteria. On the ASTM test, five children failed, all of 
them being younger than 9 years of age. On the WCMT, all children passed our crite-
rion of an R score equal to or higher than zero. However, using the original cut-off for 
R scores as defined by Hilsabeck et al. (2001), 17 children failed. 

Our second question was whether the SVT performance of children would be 
comparable to that of healthy adults. The results illustrated that children’s perfor-
mance on Trial 2 and the Retention Trial of the TOMM was at least as good as that 
of adult normal controls. Contrary to expectations, the children’s scores on the WMT 
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subtests were lower than those of healthy adults. This contrasts with previous research 
that showed that children produced WMT effort scores resembling those of adults 
(Green & Flaro, 2003). A possible explanation for this discrepancy may be that Green 
and Flaro (2003) included adult patients with head injuries and a variety of neurolog-
ical conditions, whereas the present investigation only used healthy normal controls 
as a comparison group. In fact, the distribution of WMT scores does suggest a consid-
erable influence of age, especially in the youngest children. Green’s automated inter-
pretation program for the WMT (Green et al., 1996) would have given several of the 
children younger than 9 years old a “caution” based on their performance. This would 
support earlier findings of Courtney et al. (2003) that performance on the WMT effort 
measures is significantly related to age. 

Furthermore, on the ASTM test, as well as on the WCMT, the mean scores of 
children turned out to be significantly lower than those of adults. For these two tests, 
we investigated which cognitive immaturities might be responsible for the reduced 
level of performance. Regression analyses showed that reading level was the most im-
portant predictor of ASTM test performance. Performance on the letter fluency task 
accounted for a significant proportion of the variance in performance on the WCMT. 

Overall, this study adds to the validation of several frequently used SVTs. Chil-
dren of early school age can easily pass the cut-off scores for sufficient effort of the 
TOMM and the WMT. Therefore we reasoned that these measures might be rela-
tively insensitive to mild cognitive disorders at an adult age, a conclusion for which 
there is ample evidence (e.g., Allen & Green, 1999; Iverson et al., 1999; Schagen et 
al., 1997; Tombaugh, 1997). Furthermore, although the findings in the current study 
suggest that reading ability significantly contributes to the ASTM test performance, 
all children older than 9 years passed the test. Thus, only some basic reading skills are 
required, which adults with schooling higher than grade 4 are expected to possess. 
For the WCMT, we conclude that mild cognitive impairments should not interfere 
with obtaining at least an R score equal to zero. Failure according to Hilsabeck’s adult 
criterion is probably related to immature (in children) or impaired (in adults) verbal 
fluency. 

Because our ‘child-model’ results indicated that there were no significant relations 
between the SVTs and tests of attention and concentration, mild attention and con-
centration deficits should not impede successful completion of these SVTs. This is 
consistent with our hypothesis and it supports earlier findings in adult neurological 
patients that correlations of SVTs with attention and concentration tasks were low or 
did not achieve statistical significance (Merten et al., 2007). In addition, the fact that 
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no effects of test order have been found also corroborates this conclusion. That is, a 
test session of approximately one hour and a half apparently did not diminish the 
attentional resources of the children to the extent that it interfered with their perfor-
mance on SVTs. 

In evaluating the present findings, several potential limitations need to be men-
tioned. First, the number of children who fail the SVTs is small. Therefore, conclusions 
on the cognitive immaturities that might be responsible for failure on SVTs are based 
on only a few participants. A second limitation is that a group of children with bona 
fide neurological impairment, such as children with moderate-severe traumatic brain 
injury or survivors of cerebellar tumors was not included. Consequently, this study 
does not add to knowledge base of how valid all these SVTs are in clinical pediatric 
samples. Finally, an important methodological issue regarding the WCMT needs to 
be mentioned. As described above, a Dutch translation of the original English WCMT 
was developed for this study. As yet, there are no data on validity and reliability and 
neither are there appropriate norms for the Dutch translation. This makes a compar-
ison between the two language versions disputable. Future research should investi-
gate the equivalence of the English and Dutch versions, and validation of the Dutch 
WCMT is warranted.

In conclusion, our study provides additional support for the validity of several 
SVTs that are frequently used in clinical practice. The results show that immature 
cognitive abilities do not interfere with performance on the TOMM and the WMT. 
The ASTM test requires some basic reading skills. Yet, adults with basic education are 
expected to possess this level. Additional research on the Dutch WCMT is needed be-
fore specific statements can be made. For now, it may be assumed that mild cognitive 
impairments should not impede remembering at least an equal number of words in 
each test condition (i.e., to obtain at least an R score equal to zero). 

Finally, it needs to be stressed that the above-mentioned conclusions probably do 
not hold for severe cognitive disorders and clinically obvious symptoms. From pre-
vious work, it is known that many patients with severe cognitive impairment fail on 
SVTs, despite the exertion of optimal effort (Merten et al., 2007). Therefore, more 
research will be necessary to investigate how performance on SVTs is related to cogni-
tive functioning in order to minimize the chances that patients with genuine cognitive 
impairments are wrongly designated as suboptimal performers. 
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ABSTRACT
Patients with mild cognitive impairment (MCI) do not always convert to de-
mentia. In such cases, abnormal neuropsychological test results may not val-
idly reflect cognitive symptoms due to brain disease, and the usual brain-be-
havior relationships may be absent. This study examined symptom validity in a 
memory clinic sample, and its effect on the associations between hippocampal 
volume and memory performance. 
Eleven of 170 consecutive patients (6.5%; 13% of patients younger than 65 
years) referred to memory clinics showed non-credible performance on symp-
tom validity tests (SVTs, viz. Word Memory Test and Test of Memory Malin-
gering). They were compared to a demographically matched group (N=57) 
selected from the remaining patients. Hippocampal volume, measured by an 
automated volumetric method (Freesurfer), was correlated with scores on 
six verbal memory tests. The median correlation was r = 0.49 in the matched 
group. However, the relation was absent (median r = -0.11) in patients who 
failed SVTs. 
Memory clinic samples may include patients who show non-credible perfor-
mance, which invalidates their MCI diagnosis. This underscores the importance 
of applying SVTs in evaluating patients with cognitive complaints that may sig-
nify a pre-dementia stage, especially when these patients are relatively young. 
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1. INTRODUCTION
The concept of Mild Cognitive Impairment (MCI) is often used to diagnose Alzhei-
mer’s disease (AD) in its pre-dementia stages (Albert et al., 2011; Petersen et al., 1999). 
Patients who satisfy MCI criteria are at high risk of developing dementia. Conversion 
rates from MCI to AD are about 10-15% per year. Approximately 80% show progres-
sion to dementia within six years (Petersen, 2007). These impressive conversion rates, 
however, have been observed in selected samples of relatively uncomplicated patients. 
In a broader context, the association between MCI and AD is far from unidirectional. 
Some patients do not progress to dementia at the long term, and some patients even 
return to normal upon re-examination (Maioli et al., 2007; Mitchell & Shiri-Feshki, 
2009; Visser, Kester, Jolles, & Verhey, 2006). Although these patients satisfied the MCI 
criteria at baseline, a diagnosis of MCI in the sense of a pre-dementia stage is inaccu-
rate because their temporary cognitive decline was probably not due to a degenerative 
brain disease. 

Until now, the limited predictive validity of the MCI diagnosis has been related 
mainly to differences in research methods (diagnostic criteria, type of cohort) or to 
several reversible causes of cognitive decline (such as psychiatric conditions, and a 
variety of metabolic, nutritional or sensory impairments) (Gauthier & Touchon, 
2005). Little attention has been paid to another cause: invalidity of the diagnosis due 
to non-credible performance during neuropsychological evaluation.

Non-credible performance is a  threat  to the  validity  of neuropsychological test 
results (Bush et al., 2005). If patients are unable or unwilling to invest the required 
amount of effort while doing the tests, abnormal test results may not validly reflect 
cognitive impairments due to cerebral dysfunction. In other words, it has become un-
certain whether the tests measure what they intend to measure, i.e. cognitive function-
ing or cognitive impairment. Symptom validity testing may detect this lack of validity.  

Two symptom validity tests frequently used in clinical practice are the Word 
Memory Test (WMT; Green, 2003) and the Test of Memory Malingering (TOMM; 
Tombaugh, 1996). The effort subtests of the WMT have high sensitivity in discrim-
inating between persons asked to make a good effort and those instructed to feign 
a believable memory impairment (Brockhaus & Merten, 2004; Iverson, Green, & 
Gervais, 1999; Jing, Slick, Strauss, & Hultsch, 2002). Moreover, compensation-seek-
ing individuals were shown to suppress their performance on this task (Green, 
Lees-Haley, & Allen, 2002). Also, the WMT was found to be sensitive in differenti-
ating between carefully defined malingering and non-malingering groups (Greve, 
Ord, Curtis, Bianchini, & Brennan, 2008). The effort subtests of the WMT are more 

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   59 24-11-14   14:38



60

Differential diagnosis in the memory clinic:

sensitive to non-credible performance than the TOMM (Gervais, Rohling, Green, 
Ford, 2004; Sollman & Berry, 2011). 

Research on the specificity of the WMT reported no differences in mean SVT 
scores between neurological patients with normal versus impaired memory (Green, 
Allen, & Astner, 1996). Even amnesic subjects with bilateral hippocampal damage 
scored above the WMT cut-offs (Goodrich-Hunsaker & Hopkins, 2009). However, 
some studies demonstrated lower specificity in cognitively impaired patients (Goris-
sen, Sanz, & Schmand, 2005; Greve et al., 2008; Merten, Bossink, & Schmand, 2007). 
Furthermore, concern over the specificity of the WMT has also been raised in a recent 
meta-analytic review (Sollman & Berry, 2011).  Yet, if the so-called “dementia-profile” 
is taken into account, the specificity of the WMT is high even in groups with severe 
memory impairment, including dementia (Green, Montijo, & Brockhaus, 2011). Pa-
tients who show a dementia profile perform below the cut-off on the primary SVT 
variables, but their extremely low scores on the conventional memory subtests and the 
pattern of these scores suggest that this is due to genuine amnesia. Therefore, concerns 
over the WMT specificity appear to be resolved when the effort and ability subtest 
results are considered together. However, the effect of using the effort and the ability 
decision rules on the sensitivity of the WMT has not been studied yet.

The specificity of the TOMM in samples of older patients varies across studies. 
In a study of Teichner & Wagner (2004), all elderly normals (100%) and the majority 
(91,7%) of non-demented cognitively impaired patients (including those with MCI) 
made fewer errors than the suggested cut-off for non-credible performance. Previous 
studies for demented groups ranged from a high of 82% (Greve et al., 2006) to relative-
ly low specificity rates of 45% (Dean, Victor, Boone, Philpot, & Hess, 2009) and 24% 
(Teichner & Wagner, 2004). Specificity of the TOMM is high in cognitively impaired 
patients who are able to obtain a normal MMSE score (Merten et al., 2007). 

If abnormal test results of patients who fail SVTs are indeed not reflecting cogni-
tive impairments due to brain disease, then it follows that brain – behavior relation-
ships are weakened, or perhaps even completely absent, in these subjects. In patients 
with memory complaints this may affect the usual association between memory per-
formance and medial temporal lobe structures, the hippocampus in particular (Dick-
erson & Eichenbaum, 2010).

The present study examined the associations between hippocampal volume 
and memory performance in elderly patients as a function of SVT results. We hy-
pothesized that these associations would be quite strong in patients with credible SVT 
performance, whereas they would be absent in patients with non-credible SVT scores. 
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2. METHODS
2.1. PARTICIPANTS

This study was part of the longitudinal project ‘Improving the early Diagnosis of Alz-
heimer’s Disease and Other dementias’ (IDADO). Between February 2007 and Octo-
ber 2009 170 patients were recruited from the neurological and geriatric outpatient 
clinics, day clinics and memory clinics of six general and psychiatric hospitals in the 
Netherlands (Academic Medical Center, Medical Center Alkmaar, Slotervaart Hos-
pital, GGZ-Noord-Holland-Noord, and Geriant Noord-Kennemerland). Patients be-
tween 50 and 85 years of age were included if they presented a) complaints of decline 
in cognitive or behavioral functioning (as expressed by the patient or a close relative) 
not normal for age, and b) essentially intact instrumental activities of daily living. Pa-
tients were referred to the study by dementia specialists (neurologists, geriatricians, 
psychiatrists) after an initial consultation consisting of patient history, collateral in-
formation from a relative, a clinical examination including a dementia screening in-
strument (MMSE), laboratory analyses, MRI or CT scan if deemed necessary, and 
application of the clinical dementia criteria of the Diagnostic and Statistical Manual of 
Mental Disorders–IV criteria (DSM-IV; American Psychiatric Association, 1994). For 
all participants the differential diagnosis included a possible early stage of dementia at 
the time of referral. Exclusion criteria were dementia as established during initial con-
sultation by the dementia specialist according to the DSM-IV criteria, other brain dis-
ease or systemic disease sufficient to cause the mental complaints, current substance 
abuse or addiction, a medical condition or handicap that prevented neuropsycholog-
ical evaluation, pre-existent mental retardation, contra-indications for MRI scanning, 
and insufficient command of the Dutch language. Psychiatric (co)-morbidity was not 
an exclusion criterion. 

Eleven participants with non-credible scores on SVTs were identified and includ-
ed in the present study. However, for three of these patients MRI data were not avail-
able due to claustrophobia. Therefore, all analyses have been performed with the total 
group of 11 participants, except those involving MRI data. A credible control group 
(N=60), comparable to the SVT non-credible group with respect to age, gender and 
education, was selected from the patients who had normal SVT results.  

2.2. PROCEDURE
Participants underwent a comprehensive neuropsychological test battery to evaluate 
several cognitive domains. Tests were administered in a fixed order. In intervals of ver-
bal memory tests, other non-verbal neuropsychological tests were administered (and 
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vice versa) in order to avoid interference. In this study we only report results on memory 
tests and symptom validity measures. Furthermore, a structured psychiatric assessment 
was administered and a high-resolution 3-Tesla structural brain MRI scan was made. 
Patients are being followed-up biannually until a clinical diagnosis is established. 

Assessments were carried out in the hospital or at the participant’s home, in two 
sessions of 2-3 hours with suitable rest periods. MRI scans were made within a month 
of the neuropsychological examination. The local ethics committees of participating 
hospitals approved the study. Written informed consent was obtained from all patients 
after the nature of the study was fully explained.

2.2.1.Memory assessment
Verbal episodic memory was evaluated using the Rey Auditory Verbal Learning Test 
(RAVLT; memorizing a series of 15 unrelated concrete nouns in 5 learning trials, 
20-minute delayed free recall, and recognition of the 15 items between 15 distracters; 
Rey, 1964); the Rivermead Behavioral Memory Test Logical Memory (RBMT LM) 
subtest (immediate and 20-minute delayed recall of two news stories; Wilson, Cock-
burn, & Baddely, 1985); the Visual Association Test (VAT; participants are shown pic-
tures of two common objects, representing an unusual combination, e.g. an ape carry-
ing an umbrella; recall is tested without a delay by showing one object and asking what 
other object is missing; Lindeboom & Schmand, 2003); the enhanced cued recall test 
(ECR; immediate recall of 16 items with help of category cues; after a short distraction 
task subjects are asked to freely recall as many of the pictures as possible; category 
cues are provided for the remaining items; Grober, Buschke, Crystal, Bang, & Dresner, 
1988); the Paired-Associate Learning Test (PALT; cued recall of seven semantically 
related and seven semantically unrelated word pairs; Spaan, Raaijmakers, & Jonker, 
2005); and the Paired-Associate Recognition Test (PART; explicit recognition of the 
word pairs from the Paired-Associate Learning Test; each first word is presented along 
with the target word, two semantically related distracters and an unrelated word; 
Spaan & Schmand, 2010). 

2.2.2. Assessment of symptom validity
The Word Memory Test (WMT; Green, 2003) requires immediate (IR) and 30 min-
ute-delayed recognition (DR) of 20 semantically linked word pairs (e.g., dog-cat), 
in which participants are shown new word pairs and are asked to select the words 
they have seen in the original list (e.g., dog from the pair dog-rabbit). IR, DR and the 
consistency (CNS) between IR and DR are the SVT variables of the test. The SVT 
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measures are followed by a series of memory tests of gradually increasing difficulty, 
sensitive to genuine verbal memory impairment.

The Test of Memory Malingering (TOMM; Tombaugh, 1996) is a 50-item visual 
recognition test consisting of two learning trials, each followed by a recognition trial 
in which participants make two-alternative forced choice decisions to identify the ob-
jects they have seen previously. After 15 minutes a delayed recognition trial (Retention 
Trial) is administered. The last two trials are used as SVT measures. 

2.2.3. Group allocation: credible versus non-credible 
Non-credible SVT performance was defined using the norm-based cut-off scores 
published in the TOMM and WMT manuals (Green, 2003; Tombaugh, 1996). Pa-
tients were considered non-credible performers if they produced non-credible scores 
on one or more of the WMT symptom validity subtests, unless they showed the de-
mentia profile. Patients who showed the WMT dementia profile were reallocated to 
the non-credible group if they failed the TOMM and scored more than 23 points on 
the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975). This lat-
ter criterion was applied because bona fide neurological patients with normal MMSE 
scores are able to pass the TOMM (Merten et al., 2007). 

2.2.4. Psychiatric assessment
Current and lifetime Axis I diagnoses according to DSM-IV (American Psychiatric 
Association, 1994) and International Classification of Diseases-10 (World Health Or-
ganization, 1992) were assessed with the MINI International Neuropsychiatric Inter-
view (M.I.N.I. Dutch version 5.0.0; Sheehan et al., 1998). The Hospital Anxiety and 
Depression Scale (HADS; Zigmond & Snaith, 1983) was used to determine the pres-
ence and severity of affective disturbances. 

2.2.5. MRI acquisition 
Imaging was performed on a 3.0 Tesla MRI system (Philips Intera, Best, The Neth-
erlands) with a 6-channel SENSE head coil. A gradient echo 3D FFE, T1-weighted, 
sagittal sequence was used with the following pulse sequence parameters: echo time 
[TE] = 3.5 ms, repetition time [TR] = 9 ms, field of view [FOV] = 256, 232, 170 mm 
(FH,AP,RL), scanning matrix = 256x231, flip angle = 8°, 170 slices, voxel size = 1x1x1 
mm, slice thickness = 1 mm (no gap). 
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2.2.6. Image processing
Volume measurements of the hippocampus were calculated automatically using the 
Freesurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/) version 4.5.0, 
installed on local and remote computers (Dale, Fischl, & Sereno, 1999; Fischl, Sere-
no, & Dale, 1999; Olabarriaga, Glatard, & de Boer, 2010). MR images were processed 
using the default analysis settings (https://surfer.nmr.mgh.harvard.edu/fswiki/Free-
SurferMethodsCitation), with the exception that surface statistics were not taken into 
account. Details of the procedures for subcortical segmentation are described else-
where (Fischl et al., 2002). Validation studies showed reasonable overlap in absolute 
hippocampal volumes between Freesurfer and manual volumetry (Lehmann et al., 
2010; Tae, Kim, Lee, Nam, & Kim, 2008). All images were visually inspected for gross 
structural abnormalities, accuracy of registration, and presence of artifacts. The hip-
pocampal volumes in each individual were normalized using the total intracranial 
volume to control for variation in head size. 

2.3. STATISTICAL ANALYSES
Differences between the groups were analyzed with independent t-tests, Mann-Whit-
ney tests or chi-square test. Pearson’s r correlations were calculated to document as-
sociations between memory tests and hippocampal volume (Spearman’s rho rank-or-
dered for non-normally distributed variables). Partial correlations were used to 
explore the relationships between the memory tests and the hippocampal volume of 
each cerebral hemisphere, partialling out the effect of the other side. Fisher’s exact test 
and phi coefficient were used to evaluate relationships between groups and psychiatric 
diagnoses assessed with the M.I.N.I.  Effect sizes were expressed as Cohen’s d (Cohen, 
1988). 

Analyses were performed using SPSS for Windows (version 18.0). One-tailed p 
values ≤0.05 were considered significant. Missing VAT data (N = 2) were imputed 
with the SPSS Missing Value Analysis EM method.

3. RESULTS
3.1. DESCRIPTION OF STUDY SAMPLE

The cohort consisted of 170 patients who satisfied older or more recent MCI criteria 
(Albert et al. 2011; Petersen, 2004), as well as patients with uncertain diagnosis, pa-
tients with a deferred diagnosis at the time of referral, and patients who turned out to 
be worried well. Seven percent of the patients (11 out of 170; 95% confidence interval: 
4 - 11) scored positively on SVTs. Ten of these patients were younger than 65 years. 
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Thus, of the 76 patients in our sample who were younger than 65 years of age, 13% 
showed non-credible performance (95% confidence interval: 6 – 23). 

Distribution plots of the hippocampal volumes revealed a definite outlier in the 
SVT non-credible group. This patient was excluded from further analysis. In the cred-
ible control group, 18 patients scored below the cut-off score on at least one of the 
WMT SVT measures. All these patients showed the dementia-profile. Three of these 
patients also failed the TOMM. Although their MMSE scores were less than 24 points, 
we decided to remove these patients from further analysis since we could not rule out 
non-credible performance in these individuals.

Table 1 shows the demographic and clinical characteristics. No significant differ-
ences for any of these variables were found between the SVT non-credible group and 
the credible control group. 

TABLE 1

Demographic and Clinical Characteristics of the Samples

Characteristic

Non-credible group

N  = 11

Credible control group

N = 57 p Value

Age, y 57.55 (7.44) 61.12 (9.75) .25

Male, % 45.50 31.60 .37

Education, y 11.09 (2.17) 12.33 (2.48) .13

MMSE 26.18 (3.76) 27.33 (2.05) .15

Values are expressed as mean (SD) unless otherwise indicated.

MMSE = Mini Mental State Examination.

3.2. RELATIONS BETWEEN HIPPOCAMPAL VOLUME AND MEMORY
There were no significant differences between the SVT non-credible group and the 
credible control group in hippocampal volumes and memory performance, except for 
the PART, where SVT non-credible subjects scored less (see Table 2). Table 3 shows 
the correlations between memory tests and hippocampal volume. Significant, positive 
correlations were found for all memory measures in the credible control group. These 
correlations were mostly negative in the SVT non-credible group, and they were not 
significant. Figure 1 shows the correlation between performance on RAVLT trial 1-5 
and left hippocampal volume in the SVT non-credible and credible control groups. 
This illustrative example is representative for the correlations between hippocampal 
volume and the other memory tests.
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Partial correlations between the verbal memory tasks and the left hippocampal vol-
ume in the credible control group, controlling for the volume of the right hippocam-
pus, showed a median correlation coefficient of r = 0.24 (range 0.06 – 0.38). Associa-
tions for the right hippocampus, controlling for the volume of the left side, revealed a 
median correlation coefficient of r = -0.02 (range -0.13 – 0.03). 

3.3. RELATIONSHIPS BETWEEN HIPPOCAMPAL VOLUME AND SVT 
PERFORMANCE

Correlation coefficients between the volume of the left hippocampus and SVT scores 
are presented in Table 4. There were no significant correlations in the non-credible 
SVT group, and again, the correlations were negative. In the credible control group, 
no significant correlations were found for the TOMM. However, all WMT scores were 
strongly related to the volume of the left hippocampus.

TABLE 2

Hippocampal Volumes, Raw Memory Test scores and HADS scores 

Measure Non-credible
group

Credible
control group

p Value Cohen’s d

mm3 Hippocampus left/TIV*100 26.62 (2.78) 23.26 (5.21) .10

mm3 hippocampus right/TIV*100 26.40 (4.11) 23.61 (4.98) .16

RAVLT trial 1-5a 33.43 (6.92) 39.25 (10.36) .09

RAVLT delayed recognitiona 5.71 (2.87) 7.39 (3.99) .12

RBMT LM immediate recallb 17.78 (6.51) 15.77 (6.62) .79

RBMT LM delayed recallb 12.00 (7.56) 10.62 (6.68) .94

Visual Association Testb 19.14 (6.74) 20.36 (4.79) .85

Enhanced Cued Recallb 13.71 (2.49) 14.09 (2.84) .48

PALTa 14.00 (7.44) 20.42 (10.07) .06

PARTb 8.14 (3.72) 11.51 (3.78) .02

HADS totalb 22.91 (11.85) 14.13 (7.83) .003 1.03

HADS-Ab 11.82 (5.84) 7.66 (4.27) .004 0.73

HADS-Db 11.09 (6.50) 6.46 (4.27) .007 1.18

TIV= Total Intracranial Volume; RAVLT = Rey Auditory Verbal Learning test; RBMT LM = Rivermead Behavioral Memory 

Test Logical Memory; PALT = Paired-Associate Learning Test; PART = Paired-Associate Recognition Test

HADS total = Hospital Anxiety and Depression Scale Total score; HADS-A = Hospital Anxiety and Depression Scale Anx-

iety subscale; HADS-D = Hospital Anxiety and Depression Scale Depression subscale; Values are expressed as mean (SD)
a independent t-tests; b Mann-Whitney tests
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TABLE 3 

Correlations between Memory Tests (raw scores) and Hippocampal Volume 

Measure

Left hippocampal volume Right hippocampal volume

Credible

control group

Non-credible 

group

Credible

control group

Non-credible 

group

RAVLT trial 1-5a .51# -.04 .48# .06

RAVLT delayed recognitiona .59# .23 .54# .28

RBMT LM immediate recallb .27* -.14 .29* -.25

RBMT LM delayed recallb .38# -.22 .37# -.29

Visual Association Testb .53# -.33 .51# -.33

Enhanced Cued Recallb .58# -.04 .61# -.04

PALTa .44# -.17 .36# -.14

PARTb .46# -.02 .44# -.02

a Pearson r; b Spearman rho; * p < 0.05 (one-tailed), # p < 0.01 (one-tailed).

RAVLT = Rey Auditory Verbal Learning test; RBMT LM = Rivermead Behavioral Memory Test Logical Memory; PALT = 

Paired-Associate Learning Test; PART = Paired-Associate Recognition Test.

TABLE 4 

Correlation of Left Hippocampal Volume with Symptom Validity Tests (SVTs)

Test Non-credible group Credible control group

TOMM Trial 1a -.31 .20

TOMM Trial 2a -.38 .11

WMT IRa -.22 .46#

WMT DRa -.02 .34#

WMT CNSa -.36 .41#

WMT MCb -.33 .50#

WMT PAb -.30 .52#

WMT FRb -.10 .56#

a Spearman rho; b Pearson r;

# p < 0.01 

TOMM= Test of Memory Malingering; WMT= Word Memory Test; IR= Immediate Recognition; DR= Delayed Recogni-

tion; CNS= Consistency; MC= Multiple Choice; PA= Paired Associate; FR= Free Recall.
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FIGURE 1 

Scatterplot Rey Auditory Verbal Learning Test Total Score on Trial 1-5 and Volume of the Left Hippocampus 

Corrected for Total Intracranial Volume (ICV).
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3.4. EMOTIONAL-BEHAVIORAL OR PSYCHIATRIC SYMPTOMS
In the credible control group 17 patients met criteria for at least one current Axis I 
diagnosis versus six patients in the non-credible SVT group. Patients in the non-cred-
ible SVT group were significantly more often diagnosed with current major depressive 
disorder (Fisher exact test; p = 0.01). The strength of the association was moderate 
(phi = 0.34). There were no group differences for other diagnoses assessed.

HADS scores revealed that patients in the SVT non-credible group reported sig-
nificantly more symptoms of depression and anxiety than patients in the credible con-
trol group. The effect sizes for these measures were large.

Furthermore, based on the originally proposed cut-off values, the proportion of 
patients in the non-credible SVT group reporting increased levels of anxiety (HADS 
anxiety score ≥ 8 points) was significantly higher than in the credible control group 
(9 out of 11 patients in the SVT non-credible group versus 28 out of 60 patients in the 
credible control group; p= 0.04). Patients in the SVT non-credible group tended to 
be more often classified as depressed than patients in the credible control group (p= 
0.07).

4. DISCUSSION
This study is part of a longitudinal project that aims to improve the prediction of con-
version to dementia in memory clinic patients by application of SVTs. Whether these 
tests are able to do so, will be determined by longitudinal results, which are currently 
being collected. However, if abnormal neuropsychological test results of some patients 
do not reflect cognitive impairments due to brain disease, we might already find a 
moderating effect of SVT performance on brain-behavior relationships at baseline. 
The main finding of our study is indeed that the correlation between hippocampal 
volumes and memory performance in memory clinic patients is rather strong, where-
as this relation is virtually absent when these patients exert non-credible performance. 

Our findings are relevant for the discussion on the validity of the MCI diagnosis. 
As stated in the Introduction, the limited predictive validity of MCI has been attribut-
ed to various causes. Our results suggest another possible cause: non-credible cog-
nitive test performance in a subgroup of patients, which, if undetected, will result in 
invalid MCI diagnoses. 

From a researcher’s point of view, these patients cause noise in the data. The pos-
sibility that the scientific database may be contaminated by negative response bias 
in an unknown number of study participants has been discussed with some vigour 
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before, in particular in the context of PTSD (e.g., Rosen, 2004; Rubenzer, 2009). The 
conclusion that arises from this discussion is, that in some scientific contexts possi-
ble response bias should be checked for, and samples should be cleaned from invalid 
responders. Otherwise, research data may not only be contaminated, but yield wrong 
conclusions, which do not correspond to the real facts. In this study the percentage of 
patients who failed SVTs was not excessively high. Undetected noise would not have 
affected our data very much. In settings where this percentage is higher (see discus-
sion below), it could obscure brain-behavior relations. For example, if 25% of the pa-
tients had shown non-credible performance, then brain-behavior correlations in the 
order of 0.6 would have dropped to about 0.4 (details available on request). 

About seven percent of the patients scored positively on SVTs, which corresponds 
to the rates that have been previously reported in medical or psychiatric cases not 
involving litigation or compensation (Mittenberg, Patton, Canyock, & Condit, 2002). 
However, this percentage was almost doubled in patients younger than 65 years of age. 
In fact, all patients who failed SVTs except one were under 65 years. In the Nether-
lands, for most people this is the retirement age. It is therefore tempting to hypothesize 
that SVT failure of these patients might be associated with psychosocial factors such 
as job dissatisfaction or wish for early retirement. 

The dementia profile of the WMT seems to be a robust indicator, with a low 
chance of false-positives. When the dementia profile is taken into account, specificity 
is high in patients with severe memory impairment and probable dementia (Green et 
al., 2011). Furthermore, in our sample only the WMT scores were sufficient to classify 
patients into the non-credible and credible groups. Therefore, we used the TOMM 
to check if the patients with a dementia profile on the WMT were indeed credible, as 
confirmed by their credible TOMM score. This turned out to be the case for 15 of the 
18 patients in the credible group who showed the dementia profile. Three patients in 
this group failed the TOMM; however, their MMSE scores were less than 24 points, 
and although it is likely that they were unable to pass the TOMM, we removed them 
from the analyses. By using two SVTs (viz. the TOMM and the WMT) we trust that 
sensitivity was high, and that the false positive rate was maximally reduced (due to 
taking the dementia profile into account, backed-up by the TOMM). 

A possible explanation of the non-credible performance is that it results from a 
conscious attempt to suppress performance motivated by external incentives (i.e. ma-
lingering). Two patients in our non-credible SVT group told us that they were ap-
plying for compensation for their reported cognitive impairments. Another potential 
explanation is the “hidden agendas”, which psychiatric patients may have, and that 
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presumably are present in some memory clinic patients (Dandachi-Fitzgerald, Ponds, 
Peters, & Merckelbach, 2011; Van Egmond & Kummeling, 2002).

Furthermore, it might be possible that emotional-behavioral problems reduce per-
formance on SVTs because patients are unable to invest the required effort while doing 
the tests. Many studies have shown, however, that emotional problems like depression 
or anxiety disorders by themselves are not sufficient to cause SVT failure (Ashendorf, 
Constantinou, & McCaffrey, 2004; Rees, Tombaugh, & Boulay, 2001; Yanez, Fremouw, 
Tennant, Strunk, & Coker, 2006). Even one of the most severe psychiatric illnesses, 
schizophrenia, does not necessarily imply incapacity to pass SVTs (Gorissen et al., 
2005). Nevertheless, it is conceivable that, compared to the general population, the 
risk of SVT failure is increased in individuals who present with emotional-behavioral 
problems or psychiatric disorders. In our patients with non-credible SVT scores, we 
found evidence supporting this assumption. In these patients associations between 
hippocampal volume and memory performance were negligible or absent, but they 
reported significantly more often symptoms of depression and anxiety. It is also no-
ticeable that for one third of these patients MRI data were not available due to claus-
trophobia. However, these findings could also be explained by over-reporting of emo-
tional symptoms in the SVT non-credible group. Non-credible cognitive performance 
and over-reporting of emotional symptoms are correlated (Dandachi-Fitzgerald et al., 
2011; Haggerty, Frazier, Busch, & Naugle, 2007; Whiteside, Dunbar-Mayer, & Waters, 
2009). 

We did not systematically explore reasons for SVT failure. This limits any attempt 
to explain the causes for SVT failure. Most likely there was a mixture of reasons for 
failure on SVTs in the non-credible group. Yet, although the exact mechanism is im-
portant by itself, it is irrelevant to our purpose. The most important issue in this study 
is that the result of the neuropsychological evaluation is invalid in case of SVT failure. 
If we apply this logic to MCI, we may assume that MCI patients with genuine cogni-
tive impairments as confirmed by credible performance on SVTs are likely to convert 
to dementia, irrespective of psychiatric co-morbidity. On the other hand, in MCI pa-
tients with non-credible SVT performance, abnormal cognitive test scores cannot val-
idly be interpreted as signs of genuine impairments, and a degenerative brain disease 
is much less likely, although not ruled out.

Another result of our study is the relationship between hippocampal volume and 
SVT performance. We found significant correlations for the effort measures of the 
WMT but not for the TOMM, suggesting that the WMT is more sensitive to neuro-
logical impairment. This confirms studies reporting that the TOMM is less sensitive to 
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severe cognitive impairment than the WMT (Merten et al., 2007; Greve et al., 2008). 
In the study by Merten et al. both the WMT and the TOMM correlated with tests of 
declarative memory, but correlations for the WMT were higher. The difference with 
the present results is probably due to a lower severity of cognitive impairment in our 
study, which caused a ceiling effect on the TOMM. 

This study has several other limitations. The first concerns the small size of the 
non-credible SVT group. This does not imply, however, that the influence of non-cred-
ible performance on neuropsychological test results should be underestimated. It is 
quite possible that the low incidence of non-credible performance in our study might 
be caused by a selection bias. Exaggeration of symptoms or impairments is proba-
bly a common cause of non-credible performance in clinical practice when patients 
feel the need to get recognition for their complaints (Miller, 2001). Our patients were 
asked to take part in a research project, which inherently implies recognition for their 
complaints. This may have reduced any tendency to exert non-credible performance. 
Furthermore, we recruited the major part of our sample in neurological memory clin-
ics. Although depression is a common diagnosis in this type of clinic (Hejl, Hogh, & 
Waldemar, 2002), one might expect a higher proportion of SVT failure in patients 
from psychiatric memory clinics, especially below 65 years of age. 

A second limitation is the fact that our longitudinal data are not yet available. Pa-
tients with subjective memory complaints at baseline may show change in hippocam-
pal volume at follow-up (Stewart et al., 2011). Strictly speaking, for our patients with 
non-credible SVTs and abnormal cognitive tests, it is uncertain whether or not they 
are in a pre-dementia stage. Cognitive impairment has not been validly established in 
these patients, but it has not been disproved either. Longitudinal results have to reveal 
what their final clinical outcome will be and whether they will progress to dementia.  

A third possible concern is the automatic hippocampal volume measurement by 
Freesurfer software. Mean hippocampal volumes measured using Freesurfer are sig-
nificantly larger than the volumes determined with manual volumetric methods (Tae 
et al., 2008). We do not know whether this also occurred in our study, but if so, the 
resulting volumetric overestimation was a systematic one that probably did not inval-
idate our findings. We found positive correlations between hippocampal volumes and 
memory, consistent with other studies using manual tracing (Petersen et al., 2000). 
Our findings are also consistent with reports showing that the relationship between 
hippocampal volume and memory is material-specific: verbal memory tests were 
found to correlate with the left hippocampal volume, whereas partial correlations with 
the right hippocampus were not significant (de Toledo-Morrell et al., 2000). Moreover, 
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we did not take into account hippocampal subfields and other medial temporal lobe 
regions that contribute to memory. Most studies find severe atrophy of the hippocam-
pus in AD patients (Zakzanis, Graham, & Campbell, 2011), but some suggest that 
parahippocampal volume is even a better biomarker (Echávarri et al., 2011) .

Finally, one outlier in the group of patients with non-credible SVT performance 
was excluded. She was a 65-year-old woman with disproportionally small hippocam-
pi. This may be a sign of a degenerative brain disease, but for several reasons this is 
unlikely and therefore this patient has been removed. First, this patient had suffered 
since 10 years from recurring episodes of treatment resistant depression. Second, fol-
low-up examination again revealed a pattern of SVT scores indicating non-credible 
performance. Finally, there were no clear-cut signs of cognitive decline over the years. 
Conversely, discrepancies were found between test scores on re-examination. For ex-
ample, the MMSE score was 21/30 in 2005, 26/30 in 2008 and 27/30 in 2009. Further-
more, in 2005 administration of the Wisconsin Card Sorting test (Heaton, Chelune, 
Talley, Kay, & Curtiss, 1993), was aborted. She was barely able to complete one cate-
gory and made many perseverative errors. In 2008, she completed 6 categories and 
made a normal number of perseverative mistakes. Furthermore, her test scores were 
inconsistent with her history. Results on memory tests, for example, were extremely 
low (and sometimes on chance level), while she was still baby-sitting her 3 grand chil-
dren on regular basis.

In conclusion, the data presented here suggest that brain-behavior relations may 
be obscured and the diagnosis of a preclinical dementia stage may be invalid in pa-
tients who do not perform to the best of their ability during cognitive evaluation. This 
underscores the importance of administering formal tests of symptom validity in the 
examination of patients who present with cognitive complaints that may signify an 
early stage of dementia. If researchers of the early stages of dementia apply SVTs, they 
may avoid this type of ‘pollution’ of their samples, thus increasing the statistical power 
of their studies. If clinicians administer SVTs in their diagnostic routine, it will help to 
improve differential diagnosis by averting false-positive diagnoses of (early) dementia 
(Heilbronner, Sweet, Morgan, Larrabee, & Millis, 2009).
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ABSTRACT
Background: Studies investigating relations between cognitive performance 
and brain atrophy in patients with mild cognitive impairment (MCI) have been 
conducted in highly selected samples. This methodological strictness does 
however not reflect clinical practice, and limits the generalizability of these 
studies to the MCI population at large.  
Objective: To identify the cerebral morphometric correlates of cognitive 
deficits in a large, unselective sample of elderly patients referred to memory 
clinics. 
Methods: Participants (N=126) underwent structural, high-resolution Magnet-
ic Resonance Imaging (MRI) and a comprehensive neuropsychological exam-
ination evaluating several cognitive domains. Whole-brain voxel-based mor-
phometry was performed to examine relationships of cognitive functioning 
with regional grey matter (GM) volume.
Results: Significant correlations were found between cognitive functioning, ir-
respective of cognitive domain, and regional GM volume in the temporal lobes, 
in particular the bilateral middle temporal gyri. Cognitive function in non-mem-
ory domains was correlated with regional brain morphology outside the tem-
poral lobes only when studied in isolation. The primary memory impairment, 
characteristic for MCI patients, remained specifically related to lower volume 
of the left hippocampus, even when variance in other cognitive domains was 
accounted for. 
Conclusion: Our results suggest that correlations of volumetric data and cog-
nitive data in memory clinic patients reflect the primary neurodegenerative 
pathology, i.e. temporal lobe atrophy. The relation between impaired mem-
ory and temporal lobe atrophy is much stronger in these patients than other 
brain-cognition relationships. 

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   80 24-11-14   14:38



81

Exploring the value of improved neuropsychological examination

1. INTRODUCTION
The patient mix of memory clinics consists mostly of dementia patients and large 
minorities of people with mild cognitive impairment (MCI) or subjective, but un-
substantiated cognitive complaints (Hejl, Hogh, & Waldemar, 2002; Pusswald et al. 
2013; Wang, Guo, Chen, Zhao, Zhou, & Hong, 2011). Subjective cognitive complaints 
most often concern memory (Cooper et al., 2011), and brain abnormalities have been 
found in elderly people with subjective memory complaints (Bartley et al., 2012; 
Hafkemeijer et al., 2013; Kearney-Schwartz et al., 2009; Palm et al., 2013). These com-
plaints deserve attention because they may announce dementia (Jonker, Geerlings, & 
Schmand, 2000; Stewart, 2012).

MCI subjects have an overall increased risk of developing dementia, but the associa-
tion is far from unidirectional. Some MCI patients show full or partial recovery after ini-
tially presenting with cognitive impairments (Maioli et al., 2007; Mitchell & Shiri-Feshki, 
2009; Diniz, Nunes, Yassuda, & Forlenza, 2009). Therefore, careful neuropsychological 
and radiological characterization of MCI patients is necessary to improve the prognostic 
accuracy of the MCI diagnosis (Albert et al., 2011; Schmand, Eikelenboom, & van Gool, 
2011). Assessing altered brain morphology associated with the cognitive deficits of MCI 
patients is essential to properly analyze the pathological processes underlying cognitive 
dysfunction. Voxel-based morphometry (VBM) is a brain morphometric analysis tech-
nique that enables whole-brain exploration of relations between cognitive performance 
and regional grey matter (GM) volumes obtained using structural Magnetic Resonance 
Imaging (MRI). VBM allows the assessment of whole brain morphology without prior 
hypothesis about possible changes. Furthermore, VBM can provide a sensitive estimate 
of intact and damaged tissue by assigning a continuous signal intensity value to each 
voxel and makes it possible to correlate it with behavioral data.

The first symptomatic change in MCI patients is usually memory impairment, al-
though deficits may also occur in other cognitive domains (for example, executive 
function and visuospatial skills). Studies employing VBM have demonstrated that 
in MCI patients, memory performance is closely associated with medial tempo-
ral lobe (MTL) measures of GM volume (Barbeau et al., 2008; Chételat et al., 2003; 
Chételat et al., 2011; Dos Santos et al., 2011; Hämäläinen e al., 2007; Leube et al., 2008; 
Schmidt-Wilcke, Poljansky, Hierlmeier, Hausner, & Ibach, B., 2009), although asso-
ciations with other temporal (Barbeau et al., 2008; Chételat et al., 2003; Dos Santos 
et al., 2011), parietal (Barbeau et al. 2008) and frontal lobe (Barbeau et al., 2008; Dos 
Santos et al., 2011) regions as well as subcortical sites (Dos Santos et al., 2011) have 
also been observed. Previous studies investigating correlations between executive 
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function deficits and brain atrophy in MCI reported associations particularly in the 
frontal and parietal lobes (Pa et al., 2009; Pa et al., 2010; Rabin et al., 2009). Deficits on 
language-related tasks like verbal fluency and word finding were found to correspond 
with density of the left frontotemporal, parietal, and left temporal areas (including 
the hippocampus) (Apostolova et al., 2008; Dos Santos et al., 2011). Finally, deficits 
in constructional praxis correlated with volume of the left thalamus and the temporal 
lobe, predominantly the left (Dos Santos et al., 2011; Thomann, Toro, Dos Santos, 
Essig, & Schröder, 2008). 

These studies have been performed in highly selected samples of MCI patients 
with isolated cognitive impairments, or in patients who fulfilled strict MCI criteria 
highly predictive for the development of dementia. This methodological strictness is 
appropriate from a scientific point of view, but it does not reflect clinical practice, and 
thus limits the generalizability of these findings to the larger population visiting mem-
ory clinics. The border between MCI and dementia may be a conceptually sharp line, 
but in clinical reality it is a rather fluid transition zone, largely depending on clinical 
judgment of functional status (Forlenza et al., 2013; Morris, 2012). Similarly, there is 
no clearly defined border between normal aging and MCI either. Thus, the research 
practice to split off a strictly defined MCI category from the spectrum of cognitive 
impairments in memory clinic populations is somewhat artificial. Furthermore, the 
studies mentioned above focused on particular cognitive functions; none of the stud-
ies analyzed a battery of neuropsychological tests tapping multiple cognitive domains 
in the same participants. 

Therefore, the first aim of our study was to identify the cerebral morphometric cor-
relates of the spectrum of neuropsychological impairments in a large, unselective sam-
ple of elderly patients referred to memory clinics. We used a comprehensive battery of 
neuropsychological tests, high-resolution Magnetic Resonance Imaging (MRI), and a 
whole-brain VBM analysis approach. Based on the studies mentioned above, we not 
only expected to find associations between memory performance and atrophy in the 
MTL, but we also expected that executive function would be associated with regional 
atrophy in the frontal and parietal lobes. Furthermore, we anticipated that deficits 
in language tasks would be related to frontotemporal and parietal brain regions, and 
that deficits in constructional praxis would be correlated with abnormalities in the left 
thalamus and regions in the left temporal lobe. Second, we aimed to test for the do-
main specificity of volumetric abnormalities associated with neuropsychological test 
performance. This was done in multivariate regression models, where the associations 
found for each cognitive domain were controlled for variations in the other domains. 
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2. METHODS
2.1. PARTICIPANTS

The patients included in this study participated in the longitudinal project ‘Improving 
the early Diagnosis of Alzheimer’s Disease and Other dementias’ (IDADO). Between 
February 2007 and October 2009, 170 patients were recruited from neurological and 
geriatric outpatient clinics, day clinics and memory clinics of six general and psychiatric 
hospitals in the Netherlands (Academic Medical Center (Amsterdam), Medical Center 
Alkmaar (Alkmaar), Slotervaart Hospital (Amsterdam), GGZ-Noord-Holland-Noord 
(Heiloo), and Geriant Noord-Kennemerland (Heerhugowaard)). Patients between 50 
and 85 years of age were included if they reported a) complaints of decline in cognitive 
or behavioral functioning (as expressed by the patient or a close relative) not normal 
for age, and b) essentially intact instrumental activities of daily living. Patients were 
referred to the study by dementia specialists (neurologists, geriatricians, psychiatrists) 
after an initial consultation, which included recording of each patient’s history, collat-
eral information from a relative, a clinical examination including a dementia screening 
instrument (The Mini Mental State Examination (MMSE) (Folstein, Folstein, & McHugh, 
1975), laboratory analyses, MRI or CT scan if deemed necessary, and evaluation of the 
presence of clinical dementia criteria according to the Diagnostic and Statistical Man-
ual of Mental Disorders–IV (DSM-IV-TR) criteria (American Psychiatric Association, 
2000). For all participants the differential diagnosis included a possible preclinical stage 
of dementia at the time of referral. Exclusion criteria were a dementia syndrome as es-
tablished during initial consultation by the dementia specialist according to the DSM-
IV-TR criteria (American Psychiatric Association, 2000), other brain disease or systemic 
disease sufficient to cause the mental complaints, current substance abuse or addiction, 
a medical condition or handicap that prevented neuropsychological evaluation, preexis-
tent mental retardation, contraindications for MRI scanning, and insufficient command 
of the Dutch language. Psychiatric (co)-morbidity on Axis I according to DSM-IV-TR, 
such as major depressive disorder, common anxiety disorder or adjustment disorder, 
was not an exclusion criterion. 

 
2.2. PROCEDURE

Participants underwent a comprehensive neuropsychological examination at inclusion 
to evaluate several cognitive domains. Tests were administered in a fixed order (see next 
paragraph and Table 2). In intervals between verbal memory tests, non-verbal neuro-
psychological tests were administered (and vice-versa) in order to avoid interference. 
Furthermore, a high-resolution structural three-dimensional T1-weighted MR scan was 
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made. Neuropsychological assessment was carried out in the hospital or at the subjects’ 
home, in two sessions of two to three hours with suitable rest periods. MRI scans were 
made within a month of the neuropsychological examination. As part of the IDADO 
protocol, patients are followed up biannually until a clinical diagnosis is established. Af-
ter two years, a neurologist evaluated all patients again. Next, a neuropsychologist or a 
trained neuropsychology master student, supervised by the neuropsychologist, admin-
istered a shortened neuropsychological test battery. If possible, a follow-up MRI scan 
was made.

The local ethics committees of participating hospitals approved the study. Written 
informed consent was obtained from all subjects after the nature of the study was fully 
explained.

2.3. MATERIALS
Memory was assessed with the Rey Auditory Verbal Learning Test (RAVLT; immedi-
ate recall of a series of 15 unrelated nouns in five learning trials, 20-minute delayed 
free recall and recognition) (Rey, 1964), the Rivermead Behavioural Memory Test 
Logical Memory subtest (RBMT LM; immediate and 20-minute delayed recall of two 
news stories) (Wilson, Cockburn, & Baddely, 1985), the Visual Association Test (VAT; 
pictures of two common objects, representing an unusual combination, e.g. a monkey 
carrying an umbrella; recall is tested without a delay by showing one object and asking 
which other object is missing) (Lindeboom & Schmand, 2003), and the enhanced 
cued recall test (ECR; memorizing 16 items with help of category cues; after a short 
distraction task, subjects are asked to freely recall as many of the pictures as possi-
ble; category cues are provided for the remaining items) (Grober, Buschke, Crystal, 
Bang, & Dresner, 1988). Executive functions were examined with the Trail Making Test 
(TMT; connect numbers (part A) and connect numbers alternating with letters (part 
B)) (Reitan, 1992), the Stroop Color Word test (word reading, color naming and nam-
ing the ink color of color-words that are printed in a non-matching color (the interfer-
ence condition)) (Stroop, 1935), the Wisconsin Card Sorting Test (WCST) (Heaton, 
Chelune, Talley, Kay, & Curtiss, 1993) for patients younger than 65 and the Modified 
Wisconsin Card Sorting Test (MWCST) (Nelson, 1976) for patients older than 65 
(matching cards to one of four stimulus cards on color, design and quantity; partici-
pants are not told how to match the cards; however, they are told whether a particular 
match is right or wrong) and the Letter Digit Substitution Test (LDST; substitution 
of over-learned signs) (Jolles, Houx, Van Boxtel, & Ponds, 1995). Language function 
was assessed with the Visual Naming Test, which is an adapted, computerized 53-item 
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version of the Boston Naming Test in which the culturally unsuitable images were 
removed (BNT; naming line drawings of objects and animals) (Spaan & Schmand, 
2010), Category fluency (naming as many animals and occupations as possible during 
one minute each) (Luteijn & Barelds, 2004) and the Controlled Oral Word Associa-
tion Test (COWAT; naming as many words as possible that begin with a given letter 
(3 letters) during one minute each) (Benton, Hamsher, & Sivan, 1983). Visuospatial 
abilities were evaluated with the Clock Drawing Test (drawing the face of a clock on a 
blank piece of paper setting the hands at 1:45) (Royall, Cordes, & Polk, 1998), and the 
subtest Block Design of the Wechsler Adult Intelligence Scale-Third edition (WAIS-
III; arranging blocks in increasingly difficult patterns) (Wechsler, 1997).

2.4. DATA ANALYSIS
Demographic and clinical data were analyzed with IBM SPSS Statistics for Windows 
(version 18.0). Significance was set at p<.05, two-tailed. To reduce the number of cogni-
tive variables, four composite neuropsychological scores tapping the memory, executive, 
language and visuospatial domains were generated a priori. These composite domain 
scores reflect the mean values for each participant of the raw scores of the neuropsy-
chological tests (i.e. the raw scores were first z-transformed, if necessary negated, and 
then the mean z-score was calculated for each domain). Missing values (1.1 % of all data 
points) were estimated by calculating the mean z-values of the remaining subtest scores 
for each domain (within subject) containing missing values. The composite memory 
score included the delayed free recall condition of the RAVLT, the delayed recall of the 
RBMT LM subtest, the VAT and the ECR. For the VAT, a short or a long version was 
administered, depending on the age of the participant. Scores on the short version were 
doubled to attain a similar distribution of test scores. The second composite measure, 
related to executive functions, included tests measuring divided attention, interference, 
concept formation and mental speed. It was generated by averaging z-scores of the TMT 
part B, the Stroop Color Word interference subtest, the percentage of errors on the (M)
WCST, and the LDST score. The language composite score included the BNT, Category 
fluency and the COWAT. Finally, a visuospatial composite was generated by comput-
ing the mean z-values of the Clock Drawing Test and the subtest Block Design of the 
WAIS-III. The internal consistency reliability of this test classification was satisfactory: 
Cronbach’s α was > 0.75 for each cognitive domain, except for the visuospatial composite 
where α was 0.52. However, an additional analysis of the correlation between both tests 
of the visuospatial composite revealed a significant correlation coefficient of r = 0.44  
(p = 0.01)

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   85 24-11-14   14:38



86

Differential diagnosis in the memory clinic:

2.5. MRI ACQUISITION
Imaging was performed on a 3.0 Tesla MR system (Philips Intera, Best, The Nether-
lands) with a 6-channel SENSE head coil. A gradient echo 3D, T1-weighted, sagittal 
sequence was used with the following pulse sequence parameters: echo time [TE] = 
3.5 ms, repetition time [TR] = 9 ms, scanning matrix = 256x231, flip angle = 8°, 170 
partititions, voxel size = 1x1x1 mm.

2.6. IMAGING ANALYSIS
Imaging data were analyzed using VBM following unified segmentation using Statisti-
cal Parametric Mapping software (SPM8) implemented in Matlab 7.5.0.342(R2007b). 
VBM preprocessing included: 1) manual reorientation of the images to the anterior 
commissure (AC), mainly involving reorientation of the center point to the AC by 
changing the translation parameters. When necessary, images were however further 
adjusted in the rotation parameters to be in anterior commissure-posterior commis-
sure alignment (pitch), or in the roll and jaw directions, 2) applying unified segmenta-
tion of the images into grey matter (GM), white matter and cerebrospinal fluid using 
the unified segmentation option implemented in SPM8, 3) normalization and mod-
ulation of the segmented GM images to the Montreal Neurological Institute (MNI) 
152 space, 4) smoothing of the GM images using an 8mm full width at half maximum 
Gaussian kernel. In the resulting normalized and modulated images, each voxel rep-
resents an absolute amount of brain volume, equivalent to the brain volume per unit 
prior to normalization. 

To assess associations between neuropsychological domains and regional GM vol-
ume, whole-brain multiple regression analyses were set up per domain with the GM vol-
ume maps as dependent variable and the domain score as main predictor. Correlations 
were explored at a voxel-wise height threshold of Z>3.09, and correlations had to meet 
p<.05, Family Wise Error (FWE) whole-brain corrected for multiple comparisons at the 
cluster level to be considered significant. To account for the non-stationary nature of the 
underlying neuroanatomy, we applied a non-stationarity correction at the cluster level as 
implemented in the WFU Non-Stationarity Cluster Extent Correction Toolbox of SPM8 
(http://fmri.wfubmc.edu/cms/software#NS). Next, to investigate the independent rela-
tionship of neuropsychological tests capturing a specific domain with regional brain at-
rophy, whole-brain multiple regression analyses were set up with the GM volume maps 
as dependent variable and the composite scores of each domain as predictors. This way, 
the unique predicting value of each domain could be estimated. Again, effects had to 
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meet a threshold of p<.05, FWE cluster-wise corrected (following non-stationarity cor-
rection) to be considered significant (voxel-wise height threshold Z>3.09). 

Age, gender, and total GM were entered as covariates in each model. To achieve 
maximal sensitivity, to optimize voxel residual smoothness estimation and to exclude 
false positives in non-GM tissue, voxel-wise comparisons were masked using a sam-
ple-specific explicit optimal threshold GM mask created with the Masking toolbox 
based on the whole sample (Ridgway et al., 2009). This mask was used in all analyses. All 
regions were identified with the use of the detailed brain atlas of Talairach and Tournoux 
(1988), after transforming MNI coordinates to Talairach and Tournoux space with the 
Munster T2T –converter (http://wwwneuro03.uni-muenster.de/ger/t2tconv/).

 Finally, to examine relations of several memory tasks with hippocampal vol-
ume, we first calculated hippocampal volume per patient as defined by the Anatomical 
Automatic Labelling system (AAL) implemented in the WFU-Pick Atlas and export-
ed these to SPSS. Next, we correlated each memory test variable within the memory 
domain score with hippocampal volume. Furthermore, a stepwise multiple regression 
analysis was conducted to investigate which memory task(s) correlated significantly 
with hippocampal volume. Since there is a clear one-sided hypothesis for impairment, 
for these analyses, significance was set at p<.05, one-tailed.

3. RESULTS
The cohort consisted of 170 patients. MRI data were not available for 12 patients 
due to claustrophobia or the presence of MRI contraindications disclosed by a 
comprehensive MRI safety questionnaire. For 22 patients MRI scanning failed 
due to practical issues such as imaging and/or motion artifacts. Eight patients 
were excluded from further analyses due to non-credible performance at neu-
ropsychological evaluation (see Rienstra et al., 2013). Non-credible performance 
is a threat to the validity of neuropsychological test results (Bush et al., 2005). If 
patients are unable or unwilling to invest the required amount of effort while do-
ing the tests, it becomes uncertain whether the tests measure what they intend to 
measure, i.e. cognitive functioning or cognitive impairments. Therefore, investi-
gating brain-behavior relationships in these patients is meaningless since it is un-
certain if the neuropsychological test scores of these patients are valid. Finally, two 
patients withdrew consent. This resulted in a total sample of 126 participants. Af-
ter consideration of the neuropsychological evaluation and the MRI scan at base-
line, the clinical diagnoses of these patients varied. The majority satisfied either 

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   87 24-11-14   14:38



88

Differential diagnosis in the memory clinic:

the older (Petersen, 2004) or the more recent MCI criteria (Albert et al., 2011). 
However, a number of patients were also diagnosed with dementia, psychiatric 
diagnoses (mostly mood disorders), or diagnosis was deferred at the time of re-
ferral. Finally, a considerable number of patients were diagnosed as ‘worried well’. 
They were people who were cognitively normal, did not have cognitive test scores 
in the impaired range, and who did not meet criteria for a psychiatric disorder. 
Although they had cognitive complaints and were unsure about their mental stats, 
these worries appeared to be unjustified (see Table 1). Table 2 lists the demograph-
ic information of participants, including mean scores of the neuropsychological 
tests that were administered. 

TABLE 1 

Clinical diagnoses at baseline after consideration of the neuropsychological evaluation and the MRI scan 

Diagnosis Frequency Percentage

MCI 48 38.1

dementia 19 15.1

psychiatric 16 12.7

worried well 34 27.0

deferred diagnosis 4 3.2

other 5 4.0

MCI= Mild Cognitive Impairment; other = organic disease other than MCI or dementia 

3.1. COMPOSITE MEMORY CORRELATES
A positive relation between memory performance and regional GM volume was ob-
served in bilateral parahippocampal gyrus extending to the uncus (BA 28, 34 & 36), 
indicating that patients with better memory performance had a larger volume in these 
regions. Additional significant clusters were observed in bilateral insula and superior 
temporal gyri (BA 13/38), the left middle temporal lobe (BA 21) and the superior pa-
rietal lobule (BA7) (Figure 1A). Correlation coefficients between memory composite 
scores and peak voxel for each cluster were in the range of 0.30 to 0.40. Also for the 
other cognitive domains correlations in this range were found. Whole-brain relations 
of memory performance with the left hippocampus were only observed at trend-level 
(p=.08 FWE corrected, k=266). Subthreshold, at p<.001 uncorrected, memory per-
formance was also correlated with volume of the right hippocampus (k=11). How-
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ever, when taking into account variance related to executive functioning, language, 
and visuoconstructive composite measures, the left hippocampus was the only region 
that showed a large and significant relation with memory performance (p<.05 FWE 
whole-brain cluster-corrected, k=407) (Figure 2). 

TABLE 2 

Demographic and cognitive characteristics (raw test scores and domain z-scores) of the sample

Characteristic Total sample

(N=126)

Range

Age 66.72 (10.04) 50-84

Gender, % male 45.2

Education, years 12.10 (2.62) 6-18

MMSE 26.86 (2.63) 17-30

Composite Memory (N=119)* 0.00 (0.85) -2.14-1.35

   RAVLT DR 6.27 (4.11) 0-14

   RBMT LM DR 9.36 (7.33) 0-31.5

   ECR 13.55 (3.08) 1-16

   VAT 19.24 (5.97) 0-24

Composite EF (N=121)* 0.00 (0.82) -2.02-1.63

   TMT part B (seconds) 197.36 (192.46) 35-952

   Stroop part C (seconds) 142.88 (74.14) 58-938

   LDST 25.89 (8.74) 3-53

   WCST % errors 39 (19) 3-98

Composite language (N=126)* 0.00 (0.83) -2.61-1.90

   Category fluency 33.68 (11.03) 9-67

   COWAT 31.23 (12.28) 6-64

   BNT 45.06 (6.25) 23-53

Composite visuoconstructive (N=117)* -0.04 (0.90) -3.64-2.35

   Block design (WAIS-III) 22.28 (12.14) 7-63

   Clock drawing 10.74 (2.34) 1-14

Values are expressed as mean (SD). Values are raw scores unless otherwise indicated.

* values are z-scores

RAVLT = Rey Auditory Verbal Learning test; RBMT LM = Rivermead Behavioral Memory Test Logical Memory; ECR= En-

hanced Cued Recall; VAT= Visual Association Test; TMT= Trail Making Test; LDST= Letter Digit Substitution Test; WCST= 

Wisconsin Card Sorting test; COWAT= Controlled Oral Word Association Test; BNT= Boston Naming Test; WAIS-III= 

Wechsler Adult Intelligence Scale version III 
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TABLE 3 

Positive correlations of grey matter values (MNI coordinates) and memory composite scores 

   MNI coordinate   

R/L Region BA k x y z T-value Z-score

L uncus 28 312 -22 -14 -36  5.36 5.07

L uncus 34  -14 2 -24  3.69 3.58

L uncus 36  -18 0 -38  3.63 3.53

L insula/ superior temporal gyrus 13 350 -42 2 -10  4.93 4.70

L superior temporal gyrus 38 -40 14 -12 3.89 3.76

R uncus 28 1053 22 -14 -36 4.52 4.34

R uncus 34 2 8 -18 4.49 4.31

R uncus 34  16 2 -24 4.43 4.26

R insula 13  42 2 -4 4.37 4.20

R superior temporal gyrus 38  42 14 -12 3.83 3.71

L superior parietal lobule 7 118 -32 -58 50 4.50 4.32

L middle temporal gyrus 21 150 -68 -40 -2 4.42 4.25

-64 -34 -18 3.94 3.82

-60 -28 -22 3.69 3.58

R/L= Right/Left hemisphere; BA= Brodmann area; k= cluster size; MNI coordinate= the Montreal Neurological Institute 

coordinate; all results are reported at p<.05= Family Wise Error (FWE) whole-brain corrected for multiple comparisons 

at the cluster level (non-stationarity corrected); r= Pearson correlation coefficient (calculated over mean volume of 

the cluster).

3.2. COMPOSITE EXECUTIVE FUNCTION CORRELATES
A positive correlation between composite executive function scores and regional GM 
values was found in the post-central gyrus (BA 1), bilateral inferior temporal gyri (BA 
20) extending into the middle temporal gyri (BA 21), and the left medial frontal gyrus 
(BA 6) extending to the anterior cingulate gyrus (BA 32) and the superior frontal 
gyrus (BA 6) (Figure 1B). There was a near-significant correlation in the right supe-
rior temporal gyrus (BA 22) projecting to the middle temporal gyrus (BA 37). After 
adjusting for variance related to memory, language and visuoconstructive composite 
measures, significant clusters were no longer observed. 
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3.3. COMPOSITE LANGUAGE CORRELATES
A positive correlation between language performance and regional GM volume was 
observed in an area covering the left inferior (BA 20) and middle temporal gyri (BA 
21). An additional significant cluster was found in the right middle temporal gyrus 
(BA 21) (Figure 1C). After considering the variance of the other three composite mea-
sures, there were no longer any significant clusters. 

TABLE 4 

Positive correlations of grey matter values (MNI coordinates) and executive functioning composite scores 

MNI coordinate

R/L Region BA k x y z T-value Z-score

L post-central gyrus 1 118 -44 -34 62 5.36 5.07

-50 -22 60 4.07 3.94

-54 -16 52 3.66 3.56

L inferior temporal gyrus 20 234 -68 -30 -20 4.91 4.68

L middle temporal gyrus 21 -68 -42 -12 4.42 4.24

L middle temporal gyrus 21 -68 -40 -4 4.06 3.93

R middle temporal gyrus 21 447 70 -34 -4 4.63 4.43

R inferior temporal gyrus 20 66 -20 -26 4.16 4.01

R middle temporal gyrus 21 50 12 -40 4.15 4.00

L medial frontal gyrus 6 419 0 12 50 4.40 4.23

L anterior cingulate gyrus 32 0 18 44 4.36 4.19

L superior frontal gyrus 6 0 6 68 3.77 3.66

R/L= Right/Left hemisphere; BA= Brodmann area; k= cluster size; MNI coordinate= the Montreal Neurological Institute 

coordinate; all results are reported at p<.05= Family Wise Error (FWE) whole-brain corrected for multiple comparisons 

at the cluster level (non-stationarity corrected); r= Pearson correlation coefficient (calculated over mean volume of 

the cluster).
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TABLE 5 

Positive correlations of grey matter values (MNI coordinates) and language composite scores 

    MNI coordinate   

R/L Region BA k x y z T-value Z-score

L inferior temporal gyrus 20 234 -64 -36 -22 5.15 4.89

L middle temporal gyrus 21 -66 -38 -6 3.38 3.30

R middle temporal gyrus 21 225 70 -34 -12 4.69 4.48

R middle temporal gyrus 21 64 -42 -16 4.61 4.41

R middle temporal gyrus 21 70 -24 -16 3.91 3.79

R/L= Right/Left hemisphere; BA= Brodmann area; k= cluster size; MNI coordinate= the Montreal Neurological Institute 

coordinate; all results are reported at p<.05= Family Wise Error (FWE) whole-brain corrected for multiple comparisons 

at the cluster level (non-stationarity corrected); r= Pearson correlation coefficient (calculated over mean volume of 

the cluster).

3.4. COMPOSITE VISUOCONSTRUCTIVE CORRELATES
A positive correlation between performance on visuoconstructive tasks and regional 
GM volume was observed in the right inferior parietal lobule (BA 40) and the left 
middle temporal gyrus (BA 21) (Figure 1D). Again, these clusters ceased to be signifi-
cant after accounting for the variance related to the other composite measures. 

TABLE 6 

Positive correlations of grey matter values (MNI coordinates) and visuoconstructive composite scores 

    MNI coordinate   

R/L Region BA k x y z T-value Z-score

R Inferior parietal lobule 40 143 38 -50 54 5.38 5.08

L middle temporal gyrus 21 285 -64 -32 -20 4.66 4.46

L middle temporal gyrus 21 -66 -40 -2 4.13 3.99

R/L= Right/Left hemisphere; BA= Brodmann area; k= cluster size; MNI coordinate= the Montreal Neurological Institute 

coordinate; all results are reported at p<.05= Family Wise Error (FWE) whole-brain corrected for multiple comparisons 

at the cluster level (non-stationarity corrected); r= Pearson correlation coefficient (calculated over mean volume of 

the cluster).
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3.5. CORRELATIONS OF MEMORY TASKS WITH HIPPOCAMPAL VOLUME
In view of the above results, which appeared to be mainly driven by memory impair-
ment and MTL atrophy, post hoc correlation analyses were performed between mem-
ory tests and hippocampal volume, again corrected for total GM (Table 7). Significant 
positive correlations were found between the volume of the left hippocampus and all 
individual memory measures. 

Furthermore, a stepwise multiple regression analysis was conducted with the vol-
ume of the left hippocampus as dependent variable, the delayed free recall condition 
of the RAVLT, the recall of the RBMT LM subtest, the ECR, and the VAT as the pre-
dictors, and age and total GM as covariates. Results indicated that performance on the 
ECR made a significant contribution to the prediction of the left hippocampal volume, 
F(3;115)= 24.16, p=<.001. Standardized coefficients beta were -0.18 for age, 0.69 for 
total GM, and 0.22 for the ECR. Together with age, total GM, and ECR explained 76% 
of the variance in left hippocampal volume, although age and total GM explained 
most variance. 

TABLE 7 

Correlations between Memory Tests (raw scores) and Left and Right Hippocampal Volume 

Measure Left hippocampal volume/ total 

GM

Right hippocampal volume/ total 

GM

RAVLT DR a .36** .19*

RBMT DR a .18* .11

ECR b .32** .23**

VAT b .23* .15*

a Pearson r; b Spearman rho; * p < 0.05 (one-tailed), ** p < 0.01 (one-tailed)

RAVLT = Rey Auditory Verbal Learning test; DR= delayed recognition; RBMT LM = Rivermead Behavioral Memory Test 

Logical Memory; ECR= Enhanced Cued Recall test; VAT= Visual Association test.
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FIGURE 1 

Statistical parametric maps (SPM) of whole brain (p<.001) correlations between grey matter volume and 

cognitive function following neurological (left to left and right to right) convention.

LH= Left hemisphere; RH= Right hemisphere.
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FIGURE 2 

Statistical parametric map (SPM) of whole brain (p<.001) correlations between grey matter volume 

and memory performance, taking into account variance related to executive functioning, language, and 

visuoconstructive composite measures.

LH= Left hemisphere.

4. DISCUSSION
The aim of the present study was to examine regional brain morphometric correlates 
of a range of neuropsychological deficits in a large, unselective sample of memory 
clinic patients. Psychiatric (co)morbidity was not an exclusion criterion, and people 
who appeared to be ‘worried well’ were not excluded either. The main exclusion cri-
terion was a clear dementia syndrome that could be diagnosed by a dementia spe-
cialist without detailed neuropsychological assessment. Thus, the study sample was 
a naturalistic patient mix that is representative for first visitors of memory clinics, 
with a broad spectrum of cognitive functioning and impairments ranging from wor-
ried well to MCI and early dementia cases. The latter cases could be diagnosed as 
such only after proper neuropsychological evaluation and neuroimaging. We analyzed 
high-resolution MRI data using a VBM approach, which enabled us to identify poten-
tial changes in GM volume throughout the brain. In the following discussion we will 
first consider the regional GM correlates for each cognitive domain, followed by an 
overview of findings across domains. 

In accordance with our hypotheses, memory performance correlated with GM 
volume in the MTL including the hippocampus, the parahippocampal gyrus and the 
entorhinal cortex, although the hippocampus was observed at a subthreshold level 
only when variation in other cognitive domains was not taken into account. These 
correlations involved both hemispheres, but were predominantly associated with the 
left MTL. Moreover, the left hippocampal cluster was the only cluster that remained 
significant when variance in other cognitive domains was accounted for. Medial tem-
poral GM loss in the parahippocampal gyrus and hippocampus is a consistent finding 
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in volumetric studies on MCI (Visser et al., 1999; Chételat et al., 2002; Seo et al., 2007; 
Ferreira, Diniz, Forlenza, Busatto, & Zanetti, 2011). Furthermore, our findings sup-
port the results of earlier studies in MCI patients that reported correlations of memory 
performance with GM values. For example, Chetelat et al. (2003) reported that hippo-
campal atrophy was related to deficits in both encoding and retrieval. Schmidt-Wilcke 
et al. (2009) found a correlation between immediate verbal recall and GM volume in 
the left perirhinal/entorhinal cortex, while delayed free recall correlated with GM vol-
ume in the left hippocampus. Dos Santos et al. (2011) showed that word list learning 
was associated with bilateral parahippocampal and right hippocampus volumes, and 
Nho et al. (2012) observed strong associations between memory scores and medial 
and lateral temporal lobe atrophy. In addition, functional MRI studies on MCI have 
demonstrated correlations between memory tests and hippocampal activity (e.g. Vo-
gelaere, Santens, Achten, Boon, & Vingerhoets, 2012). 

We also observed GM loss in the insula/superior temporal gyrus related to mem-
ory functioning, although when controlling for variance in the other domains, this 
region was no longer observed. GM loss in these areas has frequently been reported 
in previous studies that focused on MCI (Davatzikos, Bhatt, Shaw, Batmanghelich, & 
Trojanowski, 2011; Fan, Batmanghelich, Clark, & Davatzikos, 2008; Hämäläinen et al., 
2007; Karas et al., 2004; Spulber et al., 2012). Furthermore, Xie et al. (2012) demon-
strated that the intrinsic connectivity of the insula network was disrupted in amnesic 
MCI patients and that this altered connectivity was associated with episodic memory 
impairments. These findings suggest that the insula networks play an important addi-
tional role in the functional integration of episodic memory processes. 

As expected, composite scores of executive function were significantly associated 
with brain morphology in the frontal regions (left superior and medial frontal gyri). 
These results are consistent with previous reports showing the importance of the 
frontal lobes in executive function in MCI patients as well as in healthy adults (New-
man, Trivedi, Bendlin, Ries, & Johnson, 2007; Pa et al., 2009; Pa et al., 2010; Rabin 
et al., 2009; Rushworth, Hadland, Paus, & Sipila, 2002; Zakzanis, Mraz, & Graham, 
2005). Moreover, significant correlations between executive dysfunction and GM loss 
were also found in the inferior parietal lobule, anterior cingulate gyrus, and bilateral 
temporal regions. Executive dysfunction in MCI has been associated with changes in 
the inferior parietal GM (Pa et al., 2010) and anterior cingulate white matter tracts 
(Grambaite et al., 2011). This suggests that besides parietal regions, anterior cingu-
late pathology may contribute to executive impairments in MCI (Johnson, Vogt, Kim, 
Cotman, & Head, 2004). Recently, associations between executive functions and bi-
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lateral temporal regions have been reported in two studies investigating MCI popula-
tions (Nho et al., 2012; Shimada et al., 2012). Also in other patient groups, associations 
between temporal lobes and executive functioning have been demonstrated (Smith, 
Taylor, Brammer, & Rubia, 2004; Zakzanis et al., 2005). 

In accordance with our expectations, impairments in language composite scores, 
including tests of naming and verbal fluency, were related to GM loss in bilateral mid-
dle temporal lobes (BA 20 and 21). These results are consistent with lesion studies, 
as well as functional neuroimaging and cortical stimulation studies (Baldo, Arévalo, 
Patterson, & Dronkers, 2013; Indefrey & Levelt, 2004). Furthermore, associations of 
deficits in naming and left temporal atrophy are in line with previous findings in MCI 
and AD patients (Pantel, Schönknecht, Essig, & Schröder, 2004; Dos Santos et al., 
2011). In addition, Apostolova et al. (2008) demonstrated that impairments on the 
Boston naming test and animal fluency test correlated with cortical atrophy in the 
same Brodmann areas in the left temporal lobe in a sample of clinical and preclinical 
AD patients. In contrast with previous findings and with our hypothesis, however, we 
did not find associations between impaired performance on language related tasks 
and reduced GM volumes in frontotemporal and parietal sites (Pantel et al., 2004; Dos 
Santos et al., 2011; Apostolova et al., 2008). This is probably due to methodological 
differences, including sample and task selection, and methodological aspects related 
to imaging data acquisition. With respect to sample selection for example, Dos Santos 
et al. (2011) and Apostolova et al. (2008) used strictly defined MCI criteria highly 
predictive for the development of dementia while Pantel et al. (2004) investigated only 
patients with AD. Furthermore, tasks assessing verbal fluency were limited to animal 
naming (Apostolova et al., 2008; Dos Santos et al. 2011) or letter fluency. By contrast, 
our language composite score included, besides the BNT, category fluency (naming as 
many animals and occupations) and the COWAT letter fluency test. Finally, contrary 
to the covariates entered in the present study (age, gender, and total GM), all volumet-
ric data were corrected for the subject’s total intracranial volume in the study of Pantel 
et al. (2004) while no correction was applied in the study of Dos Santos et al. (2011).

Impairment in visuoconstructive abilities was related to GM densities in the left 
middle temporal gyrus (BA 21). This result confirms our hypothesis and is in line 
with previous findings on clock drawing performance in MCI (Thomann et al., 2008). 
Furthermore, the finding of a left hemispheric predominance for this task is supported 
by two studies, which investigated clock drawing performance and regional cerebral 
blood flow in AD (Ueda et al., 2002; Nagahama, Okina, Suzuki, Nabatame, & Matsu-
da, 2005). However, an earlier study relating volumetric measures to clock drawing 
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performance in AD patients only found associations with right temporal lobe volumes 
(Cahn-Weiner et al., 1999). As opposed to the study of Dos Santos et al. (Dos Santos 
et al., 2011), who used the constructional praxis subtask of the CERAD neuropsycho-
logical test battery, we did not find a relation between constructional praxis and GM 
values in the left thalamus.

Taken together, it is notable that we found significant correlations in similar re-
gions across the different cognitive domains, in particular the bilateral middle tem-
poral lobes. This suggests that correlations of volumetric data and cognitive perfor-
mance in our patients reflect the primary neurodegenerative pathology (i.e. middle 
temporal lobe atrophy) but not other known functional relationships of brain struc-
tures and cognitive domains. In other words, this fuels the idea that cortical changes 
do not correlate with cognitive impairments in a domain-specific way, but rather in 
a disease-specific way. Neuropathological changes in MCI patients are primarily re-
stricted to the temporal lobe (Braak & Braak, 1991; McDonald et al., 2009) and are 
likely to underlie impaired cognitive functions. This assumption is supported by our 
analyses examining the associations between specific cognitive domains and regional 
brain volumes. Correlations between memory performance and GM values in the left 
hippocampus survived and if anything became more robust when variations in other 
neuropsychological domains were accounted for. Associations with bilateral middle 
temporal lobe GM volume were not specific for memory, or EF, language and visuo-
constructive impairments, but rather seemed to reflect a general volume loss related 
to the severity of cognitive impairments. In contrast, GM loss in the insula or superior 
temporal gyrus was related to memory and executive functioning (subthreshold), but 
not when controlling for covariance between the domains. This pattern of results has 
also been found in a recent study evaluating associations between GM values and a 
measure of multiple cognitive domains capturing memory, language, visuospatial and 
executive abilities in a largely comparable mixed patient sample consisting of normal 
individuals, patients with MCI and subjects with dementia. In accordance with the 
present results these authors found that only hippocampal volume was uniquely as-
sociated with the various cognitive domain scores (Farias et al., 2013). Therefore, we 
propose that previous studies observed correlations between GM values and cognitive 
domains other than memory and executive function because they were examining 
a single cognitive domain instead of analyzing a battery of neuropsychological tests 
tapping multiple cognitive domains. 

Our study also provides data on the relationship between individual memory 
tasks and left hippocampal volume. We found positive correlations for the majority of 
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memory tests. Furthermore, our results showed that of the four memory tasks exam-
ined, the ECR was the most robust predictor of the left hippocampal volume. The cued 
recall technique of the ECR enhances spontaneous free recall by presenting the same 
semantic cues both at the encoding phase and at the retrieval phase of the test. There-
fore, impairment of specific memory processes can be distinguished from apparent 
memory deficits due to use of inefficient strategies or impairment of other cognitive 
processes (Grober et al., 1988). It has been shown that the ECR is highly sensitive and 
specific in discriminating demented from non-demented elderly persons (Meulen et 
al., 2004). Yet, studies using the ECR in MCI populations are scarce. However, reports 
using comparable cued recall procedures demonstrated that this type of test performs 
at least equally to delayed free recall tests in the early detection of AD (Grober, Lipton, 
Hall, & Crystal, 2000; Ivanoiu et al., 2005).

Our study has a number of strengths. First, we evaluated a large, naturalistic sam-
ple of elderly patients referred to memory clinics. For all participants, the differen-
tial diagnosis included a possible preclinical stage of dementia at the time of refer-
ral. Unlike most previous studies on morphological correlates of neuropsychological 
deficits, we did not limit our sample to carefully selected patients without psychiatric 
comorbidity fulfilling MCI criteria highly predictive for the development of demen-
tia. Instead, we only excluded cases with clear dementia at the time of referral, so 
that we retained a more representative mix of memory clinic patients who are a real 
diagnostic challenge. This aspect will enhance the generalizability of our findings to 
clinical practice in memory clinics. Second, to our knowledge, this is one of the first 
morphometric study analyzing a battery of neuropsychological tests tapping multiple 
cognitive domains in the same participants. Finally, the majority of previous reports 
utilized ROI methodologies to evaluate relationships between cognitive function and 
brain structure. The use of a whole-brain VBM analysis approach in our study does 
not depend on a priori hypotheses and may thus provide a more comprehensive as-
sessment of brain areas associated with cognitive dysfunction. 

There are also some methodological considerations that deserve mention. First of 
all, we did not use a healthy control group. However, our non-categorical correlation-
al approach to investigate cerebral correlates of cognitive deficits in elderly persons 
may have advantages. The development of dementia is a continuous process without 
clear-cut borders between healthy, mildly impaired and demented. Therefore, a more 
accurate evaluation is possible if we assess both cortical atrophy and cognitive deficit 
in a graded manner (Tyler, Marslen-Wilson, & Stamatakis, 2005). Second, one might 
object that by examining a relatively unselected sample of memory clinic patients we 
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neglected the etiology of the impairments. Admittedly, brain – behavior relations may 
be different across diseases. However, our sample is too small to study these relation-
ships in subgroups, and the resulting analyses would be underpowered. Yet, we do not 
think this objection is valid since we excluded other neurological causes than neu-
rodegenerative brain disease. With a few exceptions, the large majority of patients 
who declined over the next two years satisfied either MCI or AD criteria at follow-up 
(Schmand et al., 2014). Thus, the baseline sample on which we report in the pres-
ent paper mainly consisted of three main categories: worried well, patients who had 
a psychiatric disorder but were not in a dementia trajectory, and patients who had 
MCI or dementia due to a neurodegenerative disease. Since we also excluded patients 
with noncredible test performance, we assume that the subgroup of patients with a 
psychiatric disorder showed the usual brain – behavior relations of healthy elderly. 
Third, we reported correlations based on clusters that were identified as being those 
voxels showing strong associations. This implies some circularity, and the correlations 
might be inflated. However, these figures give an indication of the strengths of the 
brain-behavior relationships in this study. Fourth, to reduce the number of cognitive 
variables, we used composite neuropsychological scores to analyze relationships with 
brain structures. However, these composite measures disregard any differential rela-
tionships across different cognitive tasks within a single domain. Furthermore, the 
number of cognitive tests differed for the various domains, with the result that domain 
scores composed of more neuropsychological tests possibly provided a more repre-
sentative measure of the underlying cognitive function. Finally, only baseline MRI 
scans and cross-sectional neuropsychological composite score were analyzed. To pre-
dict progressive atrophy from the neuropsychological profile in mild forms of the dis-
ease and vice versa, longitudinal studies examining correlations of GM values changes 
with the rate of decline of neuropsychological performance over time are needed (Arlt 
et al., 2012; Hua et al., 2008; Mungas et al., 2005). 

In conclusion, in our naturalistic, unselective sample of memory-clinic patients, 
we found significant correlations with brain structure in similar regions, mainly lo-
cated in the temporal lobes, across neuropsychological composite scores tapping dif-
ferent cognitive functions. Our analyses supported the assumption that these results 
are due to the primary neuropathology of memory dysfunction and do not reflect 
functional brain-behavior relationships, at least not in the non-memory domains. 

It is important to keep in mind that, while we studied morphological data, VBM 
analysis does not provide direct evidence for functional impairments of a given brain 
region, and VBM results should thus be interpreted with caution in this respect. 
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Longitudinal studies, combining morphometric with functional neuroimaging and 
neuropsychological methods are required to elucidate the functional consequences of 
regional cerebral changes in preclinical dementia stages. 
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ABSTRACT
The “dementia profile” is used to reduce false positives on the Word Memory 
Test (WMT). Provided that this profile reflects genuine memory impairment, 
corresponding cognitive deficits should be found in neuropsychological testing. 
We examined whether a WMT dementia profile is a significant indicator of cog-
nitive impairment and/or decline. In addition, we evaluated the classification 
accuracy for the clinical diagnosis of dementia. Elderly patients (N=167) with 
cognitive complaints were given an extensive neuropsychological test battery, 
including the WMT. This was repeated two years later. The results demonstrate 
that patients with the dementia profile have a higher chance of showing real 
cognitive impairment at baseline, and even more so two years later. They 
showed a faster cognitive decline than patients who passed the WMT effort 
subtasks. Sensitivity of the profile was a moderate 60%. However, the positive 
predictive value was high, viz. 81% at baseline and 93% at follow-up.
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1. INTRODUCTION
The Word Memory Test (WMT; Green, 2003) is a computerized word list-learning 
task designed to detect non-credible performance during neuropsychological evalua-
tion. It is one of the most widely used symptom validity tests (SVT; Hartman, 2002). 
The WMT has multiple symptom validity indices, hereafter referred to as “easy sub-
tests” or “effort subtests”, and several conventional tests of verbal memory, hereafter 
called “hard subtests” (see Materials and Methods section for details). An examinee, 
who fails one of the easy subtests, is considered to exert non-credible performance. 
The easy subtests have high sensitivity and specificity in discriminating between per-
sons asked to make a good effort and those instructed to feign memory impairment 
(Brockhaus & Merten, 2004; Iverson, Green, & Gervais, 1999; Jing, Slick, Strauss, & 
Hultsch, 2002). Moreover, compensation-seeking individuals were shown to suppress 
their performance on this task (Green, Lees-Haley, & Allen, 2002). Also, the WMT 
was found to be sensitive in differentiating between carefully defined malingering and 
non-malingering groups (Greve, Ord, Curtis, Bianchini, & Brennan, 2008).

A serious limitation of all SVTs, including the WMT, is that severe cognitive impair-
ment may significantly interfere with performance. Some studies on the specificity of the 
WMT reported no differences in mean scores on the easy subtests between neurological 
patients with normal versus impaired memory (Green, Allen, & Astner, 1996). Even 
amnesic subjects with bilateral hippocampal damage scored above the WMT cut-offs 
(Goodrich-Hunsaker & Hopkins, 2009). However, other studies demonstrated lower 
specificity in severely impaired patients (Gorissen, Sanz, & Schmand, 2005; Greve et al., 
2008; Merten, Bossink, & Schmand, 2007). Concern over the specificity of the WMT has 
also been raised in a recent meta-analytic review (Sollman & Berry, 2011). If a patient 
is giving abnormal, but valid responses due to impaired, but true abilities, he may erro-
neously be identified as exerting non-credible performance by a SVT. This false positive 
error may lead to misdiagnosis and inappropriate clinical decision-making.

The WMT manual offers guidelines to allow examiners to differentiate non-cred-
ible responses from genuine memory impairment in case a patient failed the easy 
subtests (Green, 2003). This distinction is made with the “dementia profile”. Patients 
who show a dementia profile perform below the cut-off on the easy subtests, but their 
extremely low scores on the hard subtests suggest that this is due to genuine cognitive 
dysfunction. A difference of at least 30 percentage points between the mean of the 
easy subtests and the mean of the hard subtests defines the dementia profile (Green, 
2003). Such a large easy-hard difference is usually absent in people with non-credible 
performance, whereas it is often seen in patients with dementia. 
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Most studies that examined the validity of profiles of scores across subtests to reduce 
false positives have used a short version of the WMT, the Medical Symptom Validity 
Test (MSVT; Green, 2004). On the MSVT, people suffering from dementia produced 
an easy-hard difference of at least 20 points. By this criterion a maximum of 5% false 
positives was found in dementia patients (Howe, Anderson, Kaufman, Sachs, & Lor-
ing, 2007; Howe & Loring, 2009). Singhal, Green, Ashaye, Shankar and Gill (2009) 
even reported that the MSVT had 100% specificity in a dementia group if the demen-
tia profile was taken into consideration. Similar conclusions were drawn by Henry, 
Merten, Wolf and Harth (2010) using profile analysis on a nonverbal variant of the 
MSVT, the NV-MSVT, in a group of neurological patients (N= 65), including a de-
mentia subgroup (N= 21). No false positives were found in the dementia group, and 
the specificity in the whole neurological group was 97.5%. Green, Montijo & Brock-
haus (2011) tested persons with possible or probable dementia on the WMT and the 
MSVT to find the rate of false positives using the dementia profile. Combining the 
groups, they found a specificity of 98.4%, which represents a false positive rate of 1.6%. 
In summary, several studies have looked at the specificity of the dementia profile. In 
general, the findings show high specificity using different neurological groups. 

The above-mentioned studies looked at the performance profiles of individuals 
with a specific neurological diagnosis. However, it is also interesting to look the other 
way around (i.e. to look at the cognitive performance and diagnoses of patients with 
or without a dementia profile). In most cases, the dementia profile will be due to quite 
severe memory impairment. Consequently, it may convey important information on 
genuine dementia and its prodromal stage. Indeed, Howe & Loring (2009) report-
ed that the MSVT dementia profile has a high positive predictive value (89.5%) for 
dementia. To our best knowledge, so far, there is only one study that has addressed 
the analysis of the dementia profile on the MSVT (Axelrod & Schutte, 2010). Their 
findings show that individuals passing the easy subtests of the MSVT perform signifi-
cantly better than patients failing the easy subtasks (either due to genuine cognitive 
impairment or to non-credible performance) on most tasks of a battery of neuropsy-
chological tests assessing among other domains memory and executive functioning.

The aim of the present study was to look at neuropsychological functioning in 
patients with the WMT dementia profile. Provided that the dementia profile reflects 
genuine memory impairment, corresponding cognitive deficits should be found in 
neuropsychological testing. Even more so, given the high positive predictive value of 
the dementia profile (Howe & Loring, 2009), it may contribute to predicting dementia 
and cognitive decline with progression of time. We therefore also explored the sensi-
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tivity and specificity of the dementia profile for the clinical diagnosis of dementia at 
baseline and at follow-up. Note that the terms sensitivity and specificity in this context 
carry another meaning than usual in the context of symptom validity assessment. In 
the present context we use the terms to refer to predictive validity for the diagnosis of 
cognitive impairment and dementia; here they do not refer to non-credible respond-
ing. 

A group of elderly participants with cognitive complaints were given a neurolog-
ical evaluation and an extensive neuropsychological test battery, including the WMT. 
This was repeated two years later. Participants were divided into three groups accord-
ing to their symptom validity performance on the WMT. We expected people with the 
dementia profile to perform worse on neuropsychological tests than the group with 
normal effort scores on the WMT. We also anticipated that the dementia profile group 
would show cognitive decline after two years, and that this decline would be greater 
than in the patients with normal effort scores. Additionally, we hypothesized that the 
group showing non-credible performance would not show cognitive decline after two 
years, but might even improve in test performance. 

2. METHODS
2.1. PARTICIPANTS

This study was part of the longitudinal project ‘Improving the early Diagnosis of 
Alzheimer’s Disease and Other dementias’ (IDADO). Between February 2007 and 
October 2009 patients (N=170) were recruited from the neurological and geriatric 
outpatient clinics, day clinics and memory clinics of six general and psychiatric hos-
pitals in the Netherlands (Academic Medical Center Amsterdam, Medical Center Al-
kmaar, Slotervaart Hospital Amsterdam, GGZ-Noord-Holland-Noord, and Geriant 
Noord-Kennemerland). Patients between 50 and 85 years of age were included if they 
presented with a) complaints of decline in cognitive or behavioral functioning (as ex-
pressed by the patient or a close relative) not normal for age, and b) essentially intact 
instrumental activities of daily living. Patients were referred to the study by dementia 
specialists (neurologists, geriatricians, psychiatrists) after an initial consultation con-
sisting of patient history, collateral information from a relative, clinical examination 
including a dementia screening instrument (MMSE; Folstein, Folstein, & McHugh, 
1975), laboratory analyses, MRI or CT scan if deemed necessary, and application of 
the clinical dementia criteria, including the Clinical Dementia Rating (CDR; Morris, 
1993). For all participants the differential diagnosis included a possible early stage 
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of dementia at the time of referral. Exclusion criteria were dementia as established 
during initial consultation by the dementia specialist according to the criteria of the 
Diagnostic and Statistical Manual of Mental Disorders–IV (American Psychiatric As-
sociation, 1994), other brain disease or systemic disease sufficient to cause the mental 
complaints, current substance abuse or addiction, a medical condition or handicap 
that precluded neuropsychological evaluation, pre-existent mental retardation, con-
tra-indications for MRI scanning, and insufficient command of the Dutch language. 
Psychiatric (co)-morbidity on Axis I according to DSM-IV (American Psychiatric As-
sociation, 1994), like major depressive disorder, common anxiety disorder or adjust-
ment disorder, was not an exclusion criterion.

2.2. PROCEDURE
At baseline, participants underwent a comprehensive neuropsychological test battery 
to evaluate several cognitive domains, including two tests of symptom validity, admin-
istered by a neuropsychologist. Tests were administered in a fixed order. In intervals 
of verbal memory tests, other non-verbal neuropsychological tests were administered 
(and vice versa) in order to avoid interference. Furthermore, a structured psychiatric 
assessment was administered and a high-resolution 3-Tesla structural brain MRI scan 
was made. Assessments were carried out in the hospital or at the participant’s home, 
in two sessions of 2-3 hours with suitable rest periods. MRI scans were made within a 
month of the neuropsychological examination. 

After two years, a neurologist again saw all patients. Next, a neuropsychologist or 
a trained neuropsychology master’s student, supervised by the neuropsychologist, ad-
ministered a shortened neuropsychological test battery. This was done in one session 
of approximately 2 hours. If possible, a MRI scan was made. Results and comparisons 
with baseline test results were reported back to the referring physician. For patients 
who could not participate in follow-up, final diagnostic information was obtained 
from the referring physician. The local ethics committees of participating hospitals 
approved the study. Written informed consent was obtained from all patients after the 
nature of the study was fully explained.

2.3. NEUROPSYCHOLOGICAL ASSESSMENT
2.3.1.Global cognitive functioning

The Mini Mental State Examination (MMSE; Folstein et al., 1975) is used to screen for 
cognitive impairment. It includes 30 questions and problems concerning orientation, 
memory, attention, verbal comprehension and visuoconstructive abilities. 
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The Clinical Dementia Rating (CDR; Morris, 1993) is a semi-structured interview with 
the patient and an informant to determine the presence and severity of dementia. It 
rates the subject’s cognitive performance in six domains: memory, orientation, judg-
ment and problem solving, community affairs, home and hobbies, and personal care. 
Each domain and the global CDR are rated on five levels of impairment, where 0 
indicates no dementia, and CDR 0.5, 1, 2, and 3 indicate questionable, mild, moderate 
and severe dementia, respectively.

2.3.2. Memory
Rey’s Auditory Verbal Learning Test (RAVLT; Rey, 1964). A series of 15 one-syllable 
words is read five times. After each presentation participants are asked to recall which 
words they remember. Twenty minutes after this immediate recall condition (IR), 
delayed recall (DR) is tested. Alternate forms were used at follow-up. Results were 
expressed as standard T-scores corrected for age, gender and education (Schmand, 
Houx, & de Koning, 2012).

The Rivermead Behavioral Memory Test Logical Memory (RBMT LM) subtest (Wil-
son, Cockburn, & Baddely, 1985). Participants are asked to immediately reproduce 
(IR) two news items read to them. After 15 minutes delayed recall follows (DR). Paral-
lel story versions were used at follow-up. Results were expressed as T-scores corrected 
for age, gender and education (Schmand et al., 2012).

The Visual Association Test (VAT; Lindeboom & Schmand, 2003). Participants are 
shown six pictures of two common objects each, representing an unusual combina-
tion, e.g. an ape carrying an umbrella. Recall is tested without a delay by showing 
one object and asking what other object is missing. Score is total number of objects 
correctly recalled.

The enhanced cued recall test (ECR; Grober, Buschke, Crystal, Bang, & Dresner, 
1988). Participants are required to recall 16 items with help of category cues. After a 
short distraction task they are asked to freely recall as many of the pictures as possible; 
category cues are provided for the remaining items. Score is total number of objects 
correctly recalled.

2.3.3. Language
Category fluency (Luteijn & Barelds, 2004). The test consists of naming animals 
and occupations for 1 minute each. Results were corrected for age and education 
(Schmand et al., 2012). Score is the mean demographically corrected T-score of the 
two categories.
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Controlled Oral Word Association Test (COWAT; Benton, Hamsher, & Silvan, 1983). 
During 1 minute participants are asked to say as many words as possible that begin 
with a given letter. Three trials with different letters were done. At follow-up an al-
ternate version was used. Score is the raw number correct in 3 minutes. Results were 
expressed as T-scores corrected for education (Schmand et al., 2012).

2.3.4. Psychomotor speed and executive functions
The Trail Making Test (TMT; Reitan, 1992). Participants are asked to connect numbers 
(part A) and connect numbers alternating with letters (part B). Scores are time to 
completion in seconds. Furthermore a score on part B corrected for the time on part 
A (TMT B|A) is calculated to reflect the ability to divide attention. Results were ex-
pressed as T-scores corrected for age and education (part A) and for age, gender and 
education (part B and B|A) (Schmand et al., 2012).

The Stroop Color Word test (Stroop, 1935). Participants are requested to read words 
(card 1), name colours (card 2) and name the ink color of words (card 3) when the 
words are printed in a non-matching color. Scores are time to complete 100 items. 
Furthermore an interference condition is calculated (card 3|2), which reflects the 
score on card 3 corrected for the time on card 2. Results were expressed as T-scores 
corrected for age and education (card 1) and for age, gender and education (card 2, 
card 3 and card 3|2) (Schmand et al., 2012).

The Letter Digit Substitution Test (LDST; Jolles, Houx, Van Boxtel, & Ponds, 1995). 
Participants must substitute over-learned signs according to a substitution key. The 
key shows the numbers 1–9, each paired with a different letter. The score is the num-
ber of correct substitutions made in 60 s. Results were expressed as z-scores corrected 
for age and education. 

2.3.5. Visuospatial/constructive skills
The Clock Drawing Test (Royall, Cordes, & Polk, 1998). Patients are requested to draw 
the face of a clock on a blank piece of paper setting the hands at 1:45. The drawing is 
scored on a scale with a maximum of 14 points. 

The subtest Block Design of the Wechsler Adult Intelligence Scale-Third edition 
(WAIS-III, Wechsler, 1997). Patients must arrange colored blocks according to in-
creasingly difficult patterns. A time bonus is given for quick solutions. Results are 
expressed as scaled scores corrected for age.
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2.3.6. Assessment of symptom validity
The Word Memory Test (WMT; Green, 2003). Participants are asked to memorize a list 
of 20 semantically related, simple word pairs (e.g., “gold”/ “silver”). After the list has 
been presented twice, a forced choice Immediate Recognition subtest (IR) is given, 
where the person should select from a new pair of words the word that was in the 
original list (e.g., “gold” from the word pair “gold-bronze”). Without notice, the forced 
choice Delayed Recognition subtest (DR) is presented after a 30-minute delay in the 
same way as the IR, except with different distracter words. Based on the IR and DR, 
the consistency score (CNS) is calculated as percent agreement in responses between 
the two recognition trials. Any score on IR, DR and CNS below the recommended 
cut-off point is indicative of non-credible performance. The effort measures are fol-
lowed by three subtests of gradually increasing difficulty, which measure verbal mem-
ory ability. The first subtest is the Multiple Choice (MC) test in which the first word 
from each pair is shown and the corresponding word should be chosen from eight 
options. On the Paired Associates (PA) subtest, the investigator gives the first word 
and the participant is asked to name the appropriate word. In the Free Recall (FR) 
subtest, participants are asked to recall as many words as possible from the original 
list of word pairs. Auditory and visual feedback is given after each response on the IR, 
DR and MC subtests. These measures, therefore, serve not only as effort subtests but 
also as additional learning trials, which assist motivated participants in learning. The 
PA subtest provides further exposure to the first words of each pair, again serving a 
dual purpose as a test of memory and as a learning trial, prior to free recall. The effort 
subtests IR, DR, and CNS are relatively easy, while the conventional memory subtests 
MC, PA, and FR are relatively difficult. 

Failure on one or more of the easy effort subtests was defined by the cut-off scores 
published in the WMT manual (Green, 2003). As explained in the Introduction, the 
dementia profile is defined as failure on one or more of the easy effort subtests, with 
a difference greater than 30 percentage points between the means of the easy and 
difficult subtests. In this respect it is important to note that the Advanced Interpreta-
tion program (Green, 2009) makes it clear that the dementia profiles for the WMT, 
MSVT and NV-MSVT were all defined so that specificity would be very high in those 
with dementia. However, this means that the sensitivity to poor effort in simulators 
is relatively low. If a dementia profile is found in a sample where poor effort is a rare 
phenomenon, genuine impairment is probably the explanation of the profile. Howev-
er, when the risk of poor effort is high and when actual severe impairment is unlikely, 
such as in mild brain injury in compensation seekers many months post injury, a de-
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mentia profile probably reflects poor effort. Ideally, the WMT, MSVT and NV-MSVT 
will be used in conjunction with each other to optimize sensitivity to poor effort while 
maintaining high specificity. Furthermore, failure without a dementia profile means 
poor effort and unreliable results irrespective of diagnosis. To conclude that a demen-
tia profile implies genuine severe impairment, clinical correlation is required. For ex-
ample, mild head injury cannot cause failure on the easy subtests of the WMT and so 
even if the profile looks like a dementia profile, poor effort would be concluded.

2.3.7. Group allocation: credible versus non-credible 
Participants were divided into three groups: 1) people who passed the WMT effort 
subtests (WMTpass group), 2) people who failed the WMT easy subtests, but showed 
a dementia profile (WMTdem group), and 3) people who failed the effort subtests but 
did not have a dementia profile, thus showing non-credible performance (WMTnoncr 
group). 

2.4. DATA-ANALYSES
Statistical testing was done with SPSS for Windows (version 19.0). Group differences 
in age and education level were tested using a one-way analysis of variance (ANOVA) 
and group differences in gender were analyzed using a chi-square test. If, even after 
transformation, variables were non-normally distributed, nonparametric tests were 
performed. At baseline and follow-up, chi-square test was used to assess the relation 
between the dementia profile and scores on the CDR. CDR scores were dichotomized 
as 0 (normal score, 0) or 1 (deviant, CDR score ≥0.5). Patients who were unable to 
participate in follow-up due to severe dementia, were given a deviant CDR score at 
follow-up derived from clinical judgement (N=16). To evaluate differences between 
groups on the neuropsychological tests, multivariate analysis of variance (MANOVA) 
was used for demographically corrected standard scores. Effect sizes were calculated 
with partial eta squared. Post-hoc analyses were performed with Bonferroni correc-
tion. A non-parametric equivalent (Kruskal-Wallis) was used to test group differences 
for not normally distributed variables (MMSE, ECR, VAT, Clock Drawing Test and 
Block Design). Mann-Whitney tests were used for post-hoc analyses. In order to ob-
tain an estimate of the effect sizes for non-parametric analyses, univariate analysis 
of variance was performed using Van der Waerden-normalized scores, although this 
transformation was not sufficiently strong for all scores to be normally distributed. 
Missing values at baseline (1.9% of all data points) and at follow-up (5.2 % of all data 
points) were replaced by the group mean of each test. 
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Test results for the three groups at follow-up were compared to baseline in order to 
establish cognitive decline. On the CDR, decline of the groups was established by 
counting how many subjects acquired a higher CDR-score compared to baseline. A 
chi-square test was applied, in this case to evaluate the differences between the num-
ber of cases whose scores declined in these groups. For normally distributed variables, 
cognitive decline between baseline and follow-up was analyzed using repeated mea-
sures MANOVA. For the non-normally distributed test scores, difference scores were 
tested using the Wilcoxon Sign test. To examine differences in rate of decline between 
the WMTdem and the WMTpass group, MANOVA’s and Mann-Whitney tests were 
done using the change scores between baseline and follow-up. 

For all statistical tests alpha ≤0.05 was considered significant. 

3. RESULTS
3.1. PARTICIPANTS

Three participants were excluded from further analysis due to missing WMT scores as 
a result of extreme slowness during the neuropsychological examination. At baseline 
there were 63 patients in the WMTdem group, 92 patients in the WMTpass group and 
12 participants in the WMTnoncr group. WMT subtest scores for the three patient 
groups are shown in Table 1. Demographic characteristics of these groups are present-
ed in Table 2. The groups were significantly different in age, F(2,164) = 11.50, p<.001, 
where patients in the WMTdem group were older than the WMTpass and the WMT-
noncr participants (p ≤.001 for both comparisons). The groups differed significantly 
in education, F(2,164) = 3.92, p= .022. The WMTpass group had a slightly higher 
educational level than the WMTdem group (p=.038). There were no significant group 
differences in gender. 

At follow-up, neuropsychological test scores of 34 WMTdem patients, 67 WMT-
pass patients and eight participants with non-credible performance were available. 
The remaining 58 individuals did not participate in follow-up for various reasons (e.g. 
refused to participate, too ill, deceased). Again, there was a significant difference be-
tween groups in age F(2,106) = 12.60, p<.001. Patients in the WMTdem group were 
significantly older than patients in the WMTpass and the WMTnoncr groups (p<.001 
and p=.005, respectively). There was a significant group difference in educational lev-
el, F(2,106) = 5.99, p= .003. Patients in the WMTpass group were better educated than 
WMTdem group participants (p=.01). No significant gender differences were found 
between groups. 
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TABLE 1 

Word Memory Test (WMT) subtest scores for the three patient groups

Test WMTdem

(N= 63)

WMTpass

(N= 92)

WMTnoncr

(N= 12)

WMT IR 79.82 (10.82) 96.20 (3.91) 68.67 (22.56)

WMT DR 77.65 (11.99) 95.88 (3.84) 66.67 (21.30)

WMT CNS 72.29 (8.71) 93.66 (4.79) 70.63 (14.62)

WMT MC 35.73 (13.58) 79.24 (16.05) 57.92 (24.44)

WMT PA 33.02 (12.75) 72.45 (18.18) 55.42 (16.58)

WMT FR 14.86 (10.59) 44.67 (16.32) 32.08 (14.73)

Δ easy-hard 48.61 (9.52) 29.80 (13.69) 20.18 (9.41)

Values are expressed as mean (SD) 

WMTdem= patients with a dementia profile on the WMT; WMTpass= patients without a dementia profile on the WMT; 

WMTnoncr= patients with non-credible performance; IR= Immediate Recognition; DR= Delayed Recognition; CNS= 

Consistency; MC= Multiple Choice; PA= Paired Associate; FR= Free Recall; Δ= difference between easy and hard sub-

tests.

TABLE 2 

Demographic characteristics of the patient groups at baseline and at follow-up 

Values are expressed as mean (SD) unless otherwise indicated.

WMT= Word Memory test; WMTdem= patients with a dementia profile on the WMT; WMTpass= patients without a 

dementia profile on the WMT= WMTnoncr= patients with non-credible performance; aANOVA; bChi-square statistic.

Baseline Follow-up

Characteristic WMTdem

(N= 63)

x

WMTpass

(N= 92)

y

WMTnoncr

(N= 12)

z

p-value Post-hoc analyses WMTdem

(N= 34)

x

WMTpass

(N= 67)

y

WMTnoncr

(N= 8)

z

p-value Post-hoc analyses

Age 70.5 (9.3) 64.3 (9.1) 59.8 (9.5) <.001a x>y, p<.001

x>z, p=.001

74.8 (7.6) 66.0 (9.3) 63.4 (10.3) <.001a x>y, p<.001

x>z, p=.005

% female 51 54 33 .387b 55 44 25 .203b

Education, y 11.4 (2.4) 12.5 (2.8) 11.1 (2.1) .022a x<y, p=.038 11.1 (2.0) 12.7 (2.7) 10.6(2.3) .003a x<y, p=.010
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3.2. BASELINE AND FOLLOW-UP GROUP DIFFERENCES
There was a significant difference at baseline and at follow-up between the WMTdem 
and WMTpass groups in CDR score (see Table 3). At baseline, a much greater propor-
tion of WMTdem patients had a deviant CDR than participants who passed the WMT 
(χ2 = 33.02, p < .001). At follow-up this proportion was even larger (χ2= 35.30, p<.001). 

At baseline, the sensitivity of the dementia profile for a deviant CDR score was 60% 
and its specificity was 83%, not considering the non-credible group. The positive predictive 
value (PPV) was 81%. The dementia profile at baseline had a sensitivity of 59% and a spec-
ificity of 94% for a deviant CDR score at follow-up. The positive predictive value was 93%. 

TABLE 3 

CDR results at baseline and at follow-up for the participants divided according to their WMT results at 

baseline

Baseline Follow-up

CDR deviant WMTdem

(N= 63)

WMTpass

(N= 92)

WMTnoncr

(N= 12)

WMTdem

(N= 44)

WMTpass

(N= 72)

WMTnoncr

(N= 9)

Yes 51 (81.0%) 34 (37.0%) 3 (25.0%) 41 (93.2%) 28 (38.9%) 3 (33.3%)
No 12 (19.0%) 58 (63.0%) 9 (75.0%) 3 (6.8%) 44 (61.1%) 6 (66.7%) 

CDR= Clinical Dementia Rating; WMT= Word Memory test; WMTdem= patients with a dementia profile on the WMT; 

WMTpass= patients who passed the WMT effort subtests; WMTnoncr= patients with non-credible performance.

Baseline Follow-up

Characteristic WMTdem

(N= 63)

x

WMTpass

(N= 92)

y

WMTnoncr

(N= 12)

z

p-value Post-hoc analyses WMTdem

(N= 34)

x

WMTpass

(N= 67)

y

WMTnoncr

(N= 8)

z

p-value Post-hoc analyses

Age 70.5 (9.3) 64.3 (9.1) 59.8 (9.5) <.001a x>y, p<.001

x>z, p=.001

74.8 (7.6) 66.0 (9.3) 63.4 (10.3) <.001a x>y, p<.001

x>z, p=.005

% female 51 54 33 .387b 55 44 25 .203b

Education, y 11.4 (2.4) 12.5 (2.8) 11.1 (2.1) .022a x<y, p=.038 11.1 (2.0) 12.7 (2.7) 10.6(2.3) .003a x<y, p=.010
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Table 4 (see page 124) presents the mean scores on cognitive tests for the three pa-
tient groups at baseline and at follow-up. At baseline, significant group differences 
were found for all tests, except for the Stroop interference condition. Post-hoc analyses 
showed that the WMTdem group performed significantly worse than the WMTpass 
group on all tests. WMTdem patients scored either worse than the WMTnoncr group 
or at a comparable level. For all tests with significant group differences, partial eta-
squared was medium to large, with the memory tasks showing the largest effect sizes. 
 At follow-up, significant group differences were found for all tests. Post-hoc anal-
yses revealed a consistent pattern: patients in the WMTdem group performed signifi-
cantly worse on all tests than the WMTpass group, and on the majority of tests they 
also scored worse than the WMTnoncr patients. The WMTpass group outperformed 
the WMTnoncr participants on the ECR. For all tests, the partial eta-squared was 
large, with the exception of a medium size for Stroop card 3|2. In general, larger effect 
sizes were found at follow-up than at baseline.

3.3. DETERMINING DECLINE IN COGNITION FOR THE THREE PATIENT 
GROUPS

CDR decline was defined as an increase in CDR score at follow-up compared to base-
line, which implies a progression from MCI to dementia or from normal cognition to 
MCI (see table 5). There was a significant difference between groups at follow-up (χ2= 
29.05, p<.001). The results showed that more WMTdem patients had an increase in 
CDR-score than patients without dementia profile or patients with noncredible per-
formance. 

The WMTdem group displayed a significant decline between baseline and fol-
low-up on most tests (see Table 6). The WMTpass group also performed significantly 
worse at follow-up compared to baseline on a number of tests, but in general they 
had declined less than the WMTdem group. For the WMTnoncr group, no significant 
differences were found between baseline and follow-up test scores, except for an im-
proved performance at follow-up for Stroop interference condition and a decline in 
performance for Clock Drawing.

Anne_brains_proefschrift_2_corr_NOBASE_2.indd   122 24-11-14   14:38



123

Exploring the value of improved neuropsychological examination

3.4. DIFFERENCES IN RATE OF DECLINE BETWEEN GROUPS
Mean difference scores (the difference in test scores between baseline and follow-up) 
were calculated for each group (see table 6). On the tests where both the WMTpass 
and WMTdem group showed cognitive decline, either a significantly greater cognitive 
decline was found for the WMTdem group, or a trend towards such a difference in 
decline was visible.  

3.5. DEMENTIA PROFILE AND CLINICAL DIAGNOSES
After consideration of the neuropsychological evaluation and the MRI scan made at 
baseline, all patients received a clinical diagnosis from the referring physician accord-
ing to the criteria of the DSM-IV-TR (American Psychiatric Association, 2000). As ta-
ble 7 shows, there was a significant difference in diagnosis between groups, (χ2= 57.87, 
p<.001.). In the WMTdem group, a much greater proportion of patients received a 
diagnosis of MCI or dementia than in the WMTpass group. In the WMTnoncr group, 
two patients were classified as demented and one patient received at baseline a MCI 
diagnosis. At follow-up, the referring physician reviewed the clinical diagnosis after 
the follow-up neuropsychological results and comparisons with baseline test results 
were reported back. Using this final clinical diagnosis, results showed a significant 
difference between groups (χ2= 43.87, p<.001). Patients in the WMTdem group were 
more often diagnosed with MCI or dementia than patients in the WMTpass group. In 
the WMTnoncr group two patients received a diagnosis of degenerative brain disease.

TABLE 5 

CDR decline rates for the participants divided according to their WMT results at baseline

Groups

CDR decline WMTdem WMTpass WMTnoncr

Yes 29 (65.9%) 12 (16.7%) 3 (33.3%)

No 15 (34.1%) 60 (83.3%) 6 (66.7%)

CDR= Clinical Dementia Rating; WMT= Word Memory test; WMTdem= patients with a dementia profile on the WMT; 

WMTpass= people who passed the WMT effort subtests; WMTnoncr= patients with non-credible performance. 
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TABLE 4 

Scores on cognitive tests for the three patient groups at baseline and follow-up

Baseline Follow-up

Measure WMTdem
x

WMTpass
y

WMTnoncr
z

F
(df) ηp

2 Post-hoc 
analyses

WMTdem
x

WMTpass
y

WMTnoncr
z

F
(df) ηp

2 Post-hoc 
analyses

MMSE raw 24.9 (3.5) 27.6 (1.9) 26.2 (4.2) npar .20a,*** x<y, p<.001 21.8 (5.2) 27.1 (4.1) 22.6 (10.4) npar .29*** x<y, p<.001

Memory 10.9
(8, 324) ***

6.6
(8, 208) ***

RAVLT IR T 31.2 (11.7) 45.7 (10.4) 36.6 (13.1) .28b,*** x<y, p<.001
y>z, p=.025 25.8 (10.1) 43.2 (13.8) 46.1 (12.5) .31b,*** x<y, p<.001

x<z, p<.001

RAVLT DR T 28.1 (11.9) 47.0 (11.3) 36.5 (10.7) .38 b,*** x<y, p<.001
y>z, p=.010 22.6 (7.9) 43.0 (14.1) 45.4 (10.7) .39 b,*** x<y, p<.001

x<z, p<.001

RBMT IR T 35.0 (8.2) 46.6 (11.3) 44.0 (12.1) .23 b,*** x<y, p<.001
x<z, p=.018 32.5 (8.7) 47.7 (13.0) 46.6 (10.5) .27 b,*** x<y, p<.001

x<z, p=.008

RBMT DR T 32.7 (9.1) 45.4 (11.1) 42.8 (11.9) .25 b,*** x<y, p<.001
x<z, p=.008 31.1 (8.2) 46.0 (12.7) 45.0 (9.6) .28 b,*** x<y, p<.001

x<z, p=.007

ECR raw 11.1 (3.4) 14.9 (1.6) 14.5 (1.7) npar .35 a,*** x<y, p<.001
x<z, p=.001 7.9 (4.3) 14.3 (2.8) 13.0 (2.7) npar .43a,***

x<y, p=.001
x<z, p=.004
y>z, p=.045

VAT raw 14.7 (6.8) 21.4 (3.8) 21.1 (5.2) npar .30 a,*** x<y, p<.001
x<z, p=.001 13.4 (7.4) 21.0 (5.2) 20.3 (5.8) npar .26a,*** x<y, p=.001

x<z, p=.015

Language 4.8
(4, 328) **

8.9
(4, 212) ***

Category
fluency T 39.7 (9.2) 46.4 (10.4) 41.5 (9.6) .10 b,*** x<y, p<.001 33.3 (10.3) 45.9 (10.7) 44.4 (12.3) .23 b,*** x<y, p<.001

x<z, p=.027
COWAT letter 
fluency T 41.0 (8.8) 46.6 (10.5) 42.3 (10.4) .07 b,** x<y, p=.002 35.6 (9.8) 49.0 (11.4) 47.6 (9.1) .25 b,*** x<y, p<.001

x<z, p=.016
Psychomotor 
speed

5.2
(8, 324) ***

5.3
(8, 208) ***

Stroop 1 T 39.5 (12.8) 45.0 (11.1) 29.9 (17.7) .11 b,***
x<y, p=.020
x>z, p=.044
y>z, p<.001

36.8 (12.6) 45.3 (11.5) 35.8 (11.9) .12 b,** x<y, p=.003

Stroop 2 T 37.5 (14.3) 46.1 (12.4) 29.9 (14.6) .14 b,*** x<y, p<.001
y>z, p>.001 32.8 (13.3) 45.1 (13.0) 36.1 (10.1) .17 b,*** x<y, p<.001

TMT A T 37.0 (19.5) 48.9 (13.7) 32.9 (22.8) .13 b,*** x<y, p<.001
y>z, p>.007 25.5 (31.8) 50.2 (12.8) 46.3 (8.2) .24 b,*** x<y, p=.001

x<z, p=.034

LDST z -1.1 (1.0) -0.2 (1.1) -1.0 (1.1) .15 b,*** x<y, p<.001
y>z, p>.026 -1.2 (0.9) -0.1 (1.2) -0.6 (0.6) .20 b,*** x<y, p<.001

Executive 
functions

6.6
(8, 324) ***

4.8
(8, 208) ***

Stroop 3 T 37.7 (10.8) 44.7 (10.4) 33.2 (11.8) .13 b,*** x<y, p<.001
y>z, p=.002 34.3 (7.8) 43.9 (12.1) 41.1 (5.7) .15 b,*** x<y, p<.001

Stroop 3|2 T 45.1 (9.5) 48.0 (8.9) 45.6 (8.1) .02b,ns 42.1 (7.3) 47.5 (9.7) 51.1 (5.4) .10 b,** x<y, p<.001
x<z, p=.030

TMT B T 27.5 (19.2) 43.5 (16.0) 37.6 (18.1) .16 b,*** x<y, p<.001 26.6 (17.0) 43.9 (16.5) 45.5 (10.3) .20 b,*** x<y, p<.001
x<z, p=.012

TMT B|A T 30.5 (17.1) 43.4 (14.7) 44.7 (13.3) .14 b,*** x<y, p<.001
x<z, p=.014 30.3 (14.2) 42.8 (15.3) 47.5 (10.0) .15 b,*** x<y, p<.001

x<z, p=.012

Visuospatial/ constructive skills

Clock
drawing test 9.8 (2.9) 11.1 (2.1) 11.9 (2.0) npar .08 a,** x<y, p<.008

x<z, p=.009 8.7 (3.5) 11.2 (2.2) 10.4 (3.3) npar .14*** x<y, p<.001

Block Design
SS 7.2 (2.6) 9.1 (3.0) 8.3 (3.4) npar .09 a,*** x<y, p<.001 6.3 (3.2) 9.0 (3.6) 9.0 (2.1) npar .12** x<y, p<.001

x<z, p=.018

a = Kruskal-Wallis; b = MANOVA; * = p = <.05; ** = p<.01; *** = p<.001; F= Pillai’s Trace; df = (hypothesis degrees of 

freedom, error degrees of freedom); ns= not significant; ηp
2 = partial eta squared

Values are expressed as mean (SD), unless otherwise indicated.

MMSE= Mini Mental State Examination; RAVLT= Rey Auditory Verbal Learning Test; IR= immediate recognition; T= nor-
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TABLE 4 

Scores on cognitive tests for the three patient groups at baseline and follow-up

Baseline Follow-up

Measure WMTdem
x

WMTpass
y

WMTnoncr
z

F
(df) ηp

2 Post-hoc 
analyses

WMTdem
x

WMTpass
y

WMTnoncr
z

F
(df) ηp

2 Post-hoc 
analyses

MMSE raw 24.9 (3.5) 27.6 (1.9) 26.2 (4.2) npar .20a,*** x<y, p<.001 21.8 (5.2) 27.1 (4.1) 22.6 (10.4) npar .29*** x<y, p<.001

Memory 10.9
(8, 324) ***

6.6
(8, 208) ***

RAVLT IR T 31.2 (11.7) 45.7 (10.4) 36.6 (13.1) .28b,*** x<y, p<.001
y>z, p=.025 25.8 (10.1) 43.2 (13.8) 46.1 (12.5) .31b,*** x<y, p<.001

x<z, p<.001

RAVLT DR T 28.1 (11.9) 47.0 (11.3) 36.5 (10.7) .38 b,*** x<y, p<.001
y>z, p=.010 22.6 (7.9) 43.0 (14.1) 45.4 (10.7) .39 b,*** x<y, p<.001

x<z, p<.001

RBMT IR T 35.0 (8.2) 46.6 (11.3) 44.0 (12.1) .23 b,*** x<y, p<.001
x<z, p=.018 32.5 (8.7) 47.7 (13.0) 46.6 (10.5) .27 b,*** x<y, p<.001

x<z, p=.008

RBMT DR T 32.7 (9.1) 45.4 (11.1) 42.8 (11.9) .25 b,*** x<y, p<.001
x<z, p=.008 31.1 (8.2) 46.0 (12.7) 45.0 (9.6) .28 b,*** x<y, p<.001

x<z, p=.007

ECR raw 11.1 (3.4) 14.9 (1.6) 14.5 (1.7) npar .35 a,*** x<y, p<.001
x<z, p=.001 7.9 (4.3) 14.3 (2.8) 13.0 (2.7) npar .43a,***

x<y, p=.001
x<z, p=.004
y>z, p=.045

VAT raw 14.7 (6.8) 21.4 (3.8) 21.1 (5.2) npar .30 a,*** x<y, p<.001
x<z, p=.001 13.4 (7.4) 21.0 (5.2) 20.3 (5.8) npar .26a,*** x<y, p=.001

x<z, p=.015

Language 4.8
(4, 328) **

8.9
(4, 212) ***

Category
fluency T 39.7 (9.2) 46.4 (10.4) 41.5 (9.6) .10 b,*** x<y, p<.001 33.3 (10.3) 45.9 (10.7) 44.4 (12.3) .23 b,*** x<y, p<.001

x<z, p=.027
COWAT letter 
fluency T 41.0 (8.8) 46.6 (10.5) 42.3 (10.4) .07 b,** x<y, p=.002 35.6 (9.8) 49.0 (11.4) 47.6 (9.1) .25 b,*** x<y, p<.001

x<z, p=.016
Psychomotor 
speed

5.2
(8, 324) ***

5.3
(8, 208) ***

Stroop 1 T 39.5 (12.8) 45.0 (11.1) 29.9 (17.7) .11 b,***
x<y, p=.020
x>z, p=.044
y>z, p<.001

36.8 (12.6) 45.3 (11.5) 35.8 (11.9) .12 b,** x<y, p=.003

Stroop 2 T 37.5 (14.3) 46.1 (12.4) 29.9 (14.6) .14 b,*** x<y, p<.001
y>z, p>.001 32.8 (13.3) 45.1 (13.0) 36.1 (10.1) .17 b,*** x<y, p<.001

TMT A T 37.0 (19.5) 48.9 (13.7) 32.9 (22.8) .13 b,*** x<y, p<.001
y>z, p>.007 25.5 (31.8) 50.2 (12.8) 46.3 (8.2) .24 b,*** x<y, p=.001

x<z, p=.034

LDST z -1.1 (1.0) -0.2 (1.1) -1.0 (1.1) .15 b,*** x<y, p<.001
y>z, p>.026 -1.2 (0.9) -0.1 (1.2) -0.6 (0.6) .20 b,*** x<y, p<.001

Executive 
functions

6.6
(8, 324) ***

4.8
(8, 208) ***

Stroop 3 T 37.7 (10.8) 44.7 (10.4) 33.2 (11.8) .13 b,*** x<y, p<.001
y>z, p=.002 34.3 (7.8) 43.9 (12.1) 41.1 (5.7) .15 b,*** x<y, p<.001

Stroop 3|2 T 45.1 (9.5) 48.0 (8.9) 45.6 (8.1) .02b,ns 42.1 (7.3) 47.5 (9.7) 51.1 (5.4) .10 b,** x<y, p<.001
x<z, p=.030

TMT B T 27.5 (19.2) 43.5 (16.0) 37.6 (18.1) .16 b,*** x<y, p<.001 26.6 (17.0) 43.9 (16.5) 45.5 (10.3) .20 b,*** x<y, p<.001
x<z, p=.012

TMT B|A T 30.5 (17.1) 43.4 (14.7) 44.7 (13.3) .14 b,*** x<y, p<.001
x<z, p=.014 30.3 (14.2) 42.8 (15.3) 47.5 (10.0) .15 b,*** x<y, p<.001

x<z, p=.012

Visuospatial/ constructive skills

Clock
drawing test 9.8 (2.9) 11.1 (2.1) 11.9 (2.0) npar .08 a,** x<y, p<.008

x<z, p=.009 8.7 (3.5) 11.2 (2.2) 10.4 (3.3) npar .14*** x<y, p<.001

Block Design
SS 7.2 (2.6) 9.1 (3.0) 8.3 (3.4) npar .09 a,*** x<y, p<.001 6.3 (3.2) 9.0 (3.6) 9.0 (2.1) npar .12** x<y, p<.001

x<z, p=.018

mally distributed score with a mean of 50 and a standard deviation of 10, corrected for age and education; DR= delayed 

recognition; RBMT= Rivermead Behavioral Memory subtest story recall; ECR= Enhanced Recall; VAT= Visual Associa-

tion Test; WMT= Word Memory Test; WMTdem= patients with a dementia profile on the WMT; WMTpass= people who 

passed the WMT effort subtests; WMTnoncr= patients with non-credible performance; npar= non-parametric.
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TABLE 6 

Difference scores on cognitive tests for the three groups between baseline and follow-up 

Measure

WMTdem

x1

WMTpass

y1

WMTnoncr

z1

Difference 

in decline 

x –y2

MMSE -3.1 (3.9)*** -0.8 (4.0) -4.4 (10.2) p <.001

Memory

RAVLT IR T -8.5 (11.4)*** -3.8 (10.4)** 6.3 (7.8) p= .043

RAVLT DR T -7.9 (10.4)*** -5.5 (11.3)*** 5.8 (7.0) p= .303

RBMT IR T -3.9 (8.8)* 0.7 (10.5) 0.3 (7.6) p= .031

RBMT DR T -2.1 (6.9) 0.5 (10.0) -0.1 (7.1) p= .175

ECR raw -3.8 (3.2)*** -0.7 (2.6)* -1.9 (2.6) p<.001

VAT raw -3.3 (6.4)** -0.8 (4.5) -2.8 (5.2) p= .056

Language

Category Fluency T -5.3 (10.2)** -1.5 (6.8) 3.9 (9.6) p= .027

COWAT T -4.4 (8.3)** 2.4 (8.0)* 0.4 (10.7) p<.001

Psychomotor Speed

Stroop 1 T -3.4 (11.5) -0.3 (8.3) -0.5 (8.7) p= .129

Stroop 2 T -5.6 (11.6)** -1.9 (7.2)* 3.4 (8.1) p= .035

TMT A T -11.7 (23.9)* -1.1 (9.0)*** 6.8 (13.8) p= .002

LDST z -0.3 (0.8) -0.1 (0.7)* 0.5 (0.6) p= .436

Executive Functions

Stroop 3 T -3.8 (1.3)* -1.9 (0.9)** 6.3 (2.6) p= .206

Stroop 3|2 T -2.7 (1.3)* -1.1 (1.0) 5.8 (2.8)* p= .332

TMT B T -3.1 (2.3) -1.6 (1.6) -0.4 (4.7) p= .603

TMT B|A T -2.3 (2.4) -1.6 (1.7) -2.6 (4.9) p= .817

Visuospatial/constructive skills

Clock Drawing raw -1.4 (2.7)** -0.2 (2.4) -2.0 (1.8)* p= .051

Block Design SS -0.9 (2.4)* -0.5 (2.5) 0.9 (2.4) p= .383

WMT= Word Memory test; WMTdem= patients with a dementia profile on the WMT; WMTpass= people who passed 

the WMT effort subtests; WMTnoncr= patients with non-credible performance.

Values are mean (SD). Negative scores imply a decline in performance; 1 = significant decline (or improvement) be-

tween baseline and follow-up test scores for each group. 2 = p-values for differences in decline between the WMTdem 

and the WMTpass group. * = p<.05; ** = p<.01; *** = p<.001; 
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TABLE 7 

Clinical diagnoses at baseline (provisional diagnosis) and follow-up (final diagnosis)

Diagnosis Baseline Follow-up

WMTdem WMTpass WMTnoncr WMTdem WMTpass WMTnoncr

dementia 15 (28.8%) 3 (3.0%) 2 (1.67%) 19 (55.9%) 7 (10.5%) 2 (25%) 

MCI 23 (44.2%) 23 (29.1%) 1 (8.3%) 8 (23.5%) 15 (22.4%) 0 (0%)

worried well 2 (3.8%) 34 (43%) 1 (8.3%) 1 (2.9%) 35 (52.2%) 3 (37.5%)

other 12 (23.1%) 19 (24.1%) 8 (66.7%) 6 (17.6%) 10 (14.9%) 3 (37.5%)

Baseline: 27 missing

WMT= Word Memory Test; WMTdem= patients with a dementia profile on the WMT; WMTpass= people who passed 

the WMT effort subtests; WMTnoncr= patients with non-credible performance; other = neurological and/or psychiatric 

disease other than MCI or dementia.

4. DISCUSSION
We examined whether a dementia profile on the WMT is a significant indicator of 
cognitive impairment and/or cognitive decline. In addition, we evaluated the classi-
fication accuracy of the dementia profile for the clinical diagnosis. Previous reports 
examining WMT profiles looked the other way around (i.e. they looked at the perfor-
mance of individuals with a specific neurological diagnosis). 

At baseline and at follow-up, significantly more patients with a dementia profile 
than participants who passed the WMT had a deviant clinical dementia rating score. 
Furthermore, the WMTdem group performed significantly worse than the WMTpass 
group, and they declined more between baseline and follow-up on most tests. The 
largest effect sizes were found for memory tests. The lack of decline on the RBMT 
logical memory test is a notable exception. This is probably due to a floor-effect at 
baseline, which left little room for deterioration. 

These findings are in line with the results of a previous study that analysed the de-
mentia profile on the MSVT (Axelrod & Schutte, 2010). As opposed to their findings and 
other existing work (Howe et al., 2007; Howe & Loring, 2009) however, the percentage of 
patients presenting with the dementia profile in our study was not comparable to that of 
patients who showed non-credible performance. This inconsistency is probably due to age 
differences in the study samples. The age range of our study group was smaller than in the 
samples of previous studies. Old age is a primary risk factor for cognitive decline (Tilvis et 
al., 2004). Furthermore, SVT failure is higher in patients under 65 years of age (Rienstra et 
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al., 2012). This may explain the large number of people with the dementia profile relative 
to the number of non-credible patients in our study. Furthermore, the Axelrod and Schutte 
data (2010) came from a sample of US military veterans. This population has a high rate 
of SVT failure, likely due in large part to the potential disability implications of evaluations 
done in this setting (Armistead-Jehle, 2010; Nelson, Hoelzle, McGuire, Ferrier-Auerbach, 
Charlesworth, & Sponheim, 2010; Jones, Ingram, & Ben-Porath, 2012). 

Regarding the ability of the WMT dementia profile to provide information about 
the clinical diagnosis, we investigated the classification accuracy of the profile in our 
sample. Sensitivity of the profile (i.e. the percentage of individuals with a deviant CDR 
who had a dementia profile at baseline) was a moderate 60%. However, the positive 
predictive value in this memory clinic sample was high, viz. 81% at baseline and 93% 
at follow-up. This indicates that if a memory clinic patient has a WMT dementia pro-
file the clinician can be fairly confident that the patient is at least in a pre-dementia 
stage. These figures correspond to the results of an earlier report that evaluated the 
sensitivity of the MSVT dementia profile in memory clinic patients (Howe & Loring, 
2009). The easy-hard criterion might also be applied to patients who do not score 
below the cut-offs on the symptom validity indices to provide clinically relevant in-
formation (Howe & Loring, 2009). And indeed, a vast majority of the patients in our 
WMTpass group, who had a deviant CDR score, showed such a large easy-hard dif-
ference (data not shown). Thus, it is likely that the sensitivity of the dementia profile 
would have been much higher, if we had applied the easy-hard criterion to all patients 
instead of to patients who failed the WMT easy subtests. Specificity of the profile (i.e. 
the percentage of individuals with a normal CDR who had normal effort scores on the 
WMT) was high at baseline (83%) and even higher at follow-up (93%).  

For the non-credible performance group we hypothesized that they would not show 
cognitive decline after two years, but might even show improved test performance. 
The results largely confirmed this expectation. An improved performance at follow-up 
was found for the Stroop interference condition, and there was only a decline in per-
formance on the clock drawing task. Given the small sample size of the non-credible 
group and the large number of test variables, these differences might be due to chance 
fluctuations. Nevertheless, it is interesting to note that at follow-up the WMTpass group 
outperformed the WMTnoncr participants on the ECR. The majority of symptom va-
lidity techniques make use of force-choice recognition across multiple trials to detect 
non-credible performance (Bickart, Meyer, & Connell, 1991). However, this result sug-
gests that paradigms requiring participants to recall items with help of category cues 
may be useful to detect insufficient effort also. 
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Furthermore, it is remarkable that at baseline and at follow-up a quarter to one third of 
the non-credible group were given a deviant CDR by dementia specialists. However, 
the diagnosis of (preclinical) dementia may be invalid since these patients were not 
performing to the best of their ability. These results underscore the importance of 
administering formal tests of symptom validity in the neuropsychological examina-
tion of patients presenting with cognitive complaints that may signify an early stage 
of dementia (Bush et al., 2005; Rienstra et al., 2012). Also, the CDR classification de-
pends on subjective judgment by the clinician of the person’s everyday functioning 
(Lim, Chong, & Sahadevan, 2007). In the current study, however, the CDR was not the 
only measure used for cognitive evaluation, and accordingly, not the only measure on 
which we based our conclusions. 

Our study has a number of strengths. First, we evaluated the dementia profile of 
the WMT in a large sample with a high risk of false positive SVT results. According to 
Green and colleagues (2011), the main purpose of the dementia profile is “to achieve 
the lowest possible rate of false positives among those in whom there is a reasonable 
possibility of severe impairment”. For all participants in our sample the differential di-
agnosis included a possible early stage of dementia at the time of referral. Second, our 
study is longitudinal, which is an important methodological strength when the subject 
is cognitive decline or dementia. Third, unlike most studies on possible pre-dementia 
patients, we did not highly select our patients. We did not limit our sample to unequiv-
ocal MCI patients without psychiatric co-morbidity. Instead, we only excluded clear 
dementia cases, so that we retained a mix of ‘difficult’ memory clinic patients. This as-
pect will enhance the generalizability and relevance of our findings to clinical practice.

There are also several limitations. The first concerns the small size of the non-cred-
ible SVT group. This does not imply, however, that the influence of non-credible per-
formance on neuropsychological test results should be underestimated. It is quite pos-
sible that the low incidence of non-credible performance in our study was caused by 
selection bias. Exaggeration of symptoms or impairments is probably a common cause 
of non-credible performance in clinical practice when patients feel the need to get rec-
ognition for their complaints (Miller, 2001). Our patients were asked to take part in a 
research project, which inherently implies recognition for their complaints. This may 
have reduced any tendency to exert non-credible performance. A second limitation is 
that we did not systematically explore reasons for SVT failure. This limits any attempt 
to explain the causes for SVT failure. Most likely there was a mixture of reasons for 
failure on SVTs in the non-credible group. Yet, although the exact mechanism is im-
portant by itself, it is irrelevant to our main purpose, which is the neuropsychological 
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characterization of patients with the WMT dementia profile. Third, because of the 
differences between groups in age and education, demographically corrected T-scores 
were used. T-scores, however, were not available for all tests. All tests for which raw 
scores were used were non-normally distributed, so nonparametric analysis was re-
quired. Unfortunately, with this analysis, variation in age and education was not ac-
counted for. Nevertheless, these results were similar to the results using T-scores, so it 
is unlikely that age and education account for the differences between groups. 

In conclusion, the results of this study demonstrate that patients with the WMT 
dementia profile have a high chance of showing real cognitive impairment at the mo-
ment of evaluation, and even more so two years later. They showed a faster cognitive 
decline than patients who passed the easy effort subtasks. These findings underscore 
the importance of administering all WMT subtasks. The first three subtests must be 
placed in the context of the last three to fully understand the profile. The dementia 
profile aids in interpretation of the WMT when it is utilized as a SVT, and it provides 
clinically relevant information on (future) cognitive impairment and early dementia. 
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CHAPTER 7

SUMMARY AND GENERAL DISCUSSION

7.1. GENERAL AIM
The overall objective of the studies described in this thesis was to improve the neuro-
psychological assessment of symptoms that precede dementia, and consequently, to im-
prove the prediction of conversion to dementia in participants for whom the differential 
diagnosis included a possible early stage of dementia. The study sample was a naturalis-
tic patient mix that consisted of first visitors of memory clinics, with a broad spectrum 
of cognitive functioning and impairments, ranging from ‘worried well’ to MCI and early 
dementia cases, as well as patients with mild psychiatric co-morbidity for whom the dif-
ferential diagnosis included a possible early stage of dementia. The border between MCI 
and dementia may be a conceptually sharp line, but in clinical reality it is a rather fluid 
transition zone, largely depending on clinical judgment of functional status (Forlenza 
et al., 2013; Morris, 2012). Similarly, there is no clearly defined border between nor-
mal aging and MCI either. Thus, the research practice to split off a strictly defined MCI 
category from the spectrum of cognitive impairments in memory clinic populations is 
somewhat artificial. Therefore, contrary to most previous studies, we employed a study 
sample that is representative for first visitors of memory clinics. 

Specifically, the aims of our studies were to 1) expand the research on the employ-
ability of symptom validity tests (SVTs) in memory clinic populations, and 2) examine 
brain-behavior relationships as a function of credible and non-credible performance in 
our large, heterogeneous sample of elderly patients referred to memory clinics. In this 
final chapter we summarize and discuss the results of the studies presented in this thesis. 
We will address methodological aspects of the present research. Furthermore, the rele-
vance and implications of the present findings for clinical practice and scientific research 
will be considered. We conclude with some recommendations for future research.

7.2. PREPARATORY STUDIES EXPANDING THE RESEARCH ON THE 
EMPLOYABILITY OF SVTS

7.2.1. Reference data for the Word Memory Test
The Word Memory Test (WMT; Green, 2003) is a word list-learning task containing 
multiple subtests, of which the first two are specifically designed to evaluate effort, 
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while the remaining subtests are conventional tests of verbal memory. Many stud-
ies have investigated the utility of the WMT as a symptom validity test (Brockhaus 
& Merten, 2004; Iverson et al., 1999; Jing, Slick, Strauss, & Hultsch, 2002). Howev-
er, there is a lack of research presenting reference data for the conventional memory 
subtests of this task (Strauss, Sherman, & Spreen, 2006). In Chapter 2 we therefore 
examined the demographic characteristics that may influence performance on these 
memory subtests, in order to develop demographically corrected reference data. For 
this purpose, we administered the Dutch version of the WMT to 115 healthy Dutch 
controls. We compared their data to those of a Canadian group of healthy volunteers, 
and we demonstrated the equivalence of the English and Dutch language versions of 
the WMT. As expected, analyses of the combined Canadian and Dutch samples (N = 
155) showed that the memory scores declined with increasing age. Also, participants 
with lower levels of education performed worse than more highly educated subjects 
(Rienstra, Spaan, & Schmand, 2009). With this study we thus expanded the existing 
sample of adult normal controls and presented reference data stratified by age and 
level of education for use in research and clinical settings.

7.2.2. Validation of symptom validity tests using a ‘child-model’ of adult cognitive 
impairments

Chapter 3 aimed to provide further evidence for the specificity of several effort tests 
that are frequently used in clinical practice. Validation studies of SVTs in children are 
uncommon. However, since children’s cognitive abilities are not yet fully developed, 
their performance may provide additional support for the validity of these measures 
in adult populations. In other words, if it can be shown that the immature cognitive 
abilities of young children do not interfere with performance on SVTs, then this would 
provide evidence in support of the assumption that effort measures are relatively insen-
sitive to mild cognitive disorders at an adult age (Rienstra, Spaan, & Schmand, 2010). 
We administered four SVTs, the Test of Memory Malingering (TOMM; Tombaugh, 
1996), the WMT (Green, 2003), the Amsterdam Short Term Memory test (ASTM; 
Schmand & Lindeboom, 2004) and the Word Completion Memory Test (WCMT; 
Hilsabeck & LeCompte, 1997), along with several neuropsychological instruments to 
48 Dutch school children aged 7 to 12. The results showed that children of early school 
age can easily pass the cut-off scores for sufficient effort of the TOMM and the WMT. 
They could pass the ASTM test if their reading skills were at a level equivalent to that 
of 9 year olds. All children passed our criterion of a negative WCMT score. However, 
the WCMT seems to be sensitive to level of verbal fluency (Rienstra et al., 2010). With 
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this study we thus provided additional support for the validity of three frequently used 
SVTs when applied in adult populations with mild cognitive impairments. For the 
WCMT, we concluded that mild cognitive impairments could interfere with passing 
the criterion for determining deliberate non-credible performance.

7.2.3. Discussion part I
The results of our study providing reference data for the WMT have enlarged the area 
of application of this test. Availability of appropriate reference values for the conven-
tional memory subtests has two important advantages for the use of the WMT in 
clinical practice. First, improved reference data increase the efficiency of a neuropsy-
chological evaluation since both effort quality and verbal memory can be investigated 
with a single test (Rienstra et al., 2009). In this respect, our study is innovative. The 
usual way to increase the efficiency of neuropsychological evaluation is exactly the 
opposite. Most previous studies with a similar aim were focused on ‘embedded mea-
sures’. That is, they evaluated suboptimal effort by defining clinically atypical patterns 
of performance for standard neuropsychological tests (e.g. Larrabee, 2003; Miele, 
Gunner, Lynch, & McCaffrey, 2012; Sherman, Boone, Lu, & Razani, 2002). We went 
off the beaten track by investigating effort with a symptom validity test, and expanding 
its function as a conventional memory test. A second advantage is that better reference 
data will lead to improved interpretation of the WMT profile of subtest scores (Riens-
tra et al., 2009). It has been shown that one way to differentiate non-credible responses 
from genuine memory impairment is to examine profiles of scores across subtests of 
different difficulty levels, in particular the difference between the effort subtests and 
conventional memory subtests (Green, Montijo, & Brockhaus, 2011; Howe, Ander-
son, Kaufman, Sachs, & Loring, 2007; Howe & Loring, 2009; Singhal, Green, Ashaye, 
Shankar and Gill, 2009). Therefore, appropriate reference data are of crucial impor-
tance to judge whether or not an individual’s profile is consistent with his age and 
education. This issue was further examined in Chapter 6.

Our validation study of SVTs in children has implications for the applicability of 
these effort measures in adult populations. The findings show that immature cognitive 
abilities do not interfere with performance on the TOMM and the WMT. Therefore 
we reasoned that these measures might be relatively insensitive to mild cognitive disor-
ders at an adult age. Furthermore, these results support our choice of selecting especially 
these two SVTs for the use in our sample of patients for whom the differential diagnosis 
included a possible early stage of dementia. Although the findings suggest that reading 
ability significantly contributes to the ASTM test performance, all children older than 
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9 years passed the test. Thus, only some basic reading skills are required, which adults 
with schooling higher than grade 4 are expected to possess. The WCMT, as a test that has 
the potential to demonstrate that participants are deliberately exerting suboptimal effort, 
seemed a promising measure to find out whether participants are showing non-credible 
performance on purpose. However, since the results of our study showed that WCMT 
performance is probably related to immature (in children) or impaired (in adults) verbal 
fluency, the specificity of this test seems to be to low for use in patients with mild cogni-
tive impairments. Therefore, whether non-credible performance in our patients results 
from a conscious attempt to suppress performance motivated by external incentives (i.e. 
malingering) is still an unanswered question. 

7.3. BRAIN-BEHAVIOR RELATIONSHIPS AND NEUROPSYCHOLOGICAL 
PROFILES AS A FUNCTION OF CREDIBLE AND NON-CREDIBLE 
PERFORMANCE

7.3.1. Hippocampal-memory associations as a function of symptom validity 
Although subjects with mild cognitive impairment (MCI) have an overall increased risk 
of developing dementia, the association is far from unidirectional. Some MCI patients 
remain stable for years or show full or partial recovery after initial cognitive abnormali-
ties (Diniz, Nunes, Yassuda, & Forlenza, 2009; Maioli et al., 2007; Mitchell & Shiri-Fesh-
ki, 2009; Visser, Kester, Jolles, & Verhey, 2006). In such non-declining cases, abnormal 
neuropsychological test results may not validly reflect cognitive symptoms due to brain 
disease, and the usual brain-behavior relationships may be absent. In other words, it 
has become uncertain whether cognitive tests measure what they intend to measure, 
i.e. cognitive functioning or cognitive impairment. Symptom validity testing may detect 
this lack of validity (Rienstra et al., 2013). In Chapter 4 we examined symptom validity 
in our memory clinic sample, and its effect on the associations between hippocampal 
volume and memory performance. We hypothesized that if abnormal test results of pa-
tients who fail SVTs are indeed not reflecting cognitive impairments due to brain dis-
ease, brain–behavior relationships are weakened, or perhaps even completely absent, in 
these subjects. On the contrary, these associations would be quite strong in patients with 
credible SVT performance (Rienstra et al., 2013). Results showed that about seven per-
cent of the patients scored positively on SVTs. However, only one of them was older than 
65 years. Thus, this percentage was almost doubled in patients younger than 65 years 
of age. Furthermore, our study clearly showed that, as expected, the correlation between 
hippocampal volumes and memory performance in memory clinic patients was rather 
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strong. In our patients with non-credible SVT scores, associations between hippocam-
pal volume and memory performance were negligible or absent, but they reported sig-
nificantly more often symptoms of depression and anxiety (Rienstra et al., 2013). Thus, 
the data presented in this study confirm that brain-behavior relations may be obscured 
in patients who do not perform to the best of their ability during cognitive evaluation.

7.3.2. Cerebral morphometric correlates of neuropsychological deficits in patients 
who show credible performance

Previous studies investigating correlations between neuropsychological performance 
and brain atrophy in MCI patients have been performed in highly selective samples 
with isolated cognitive impairments or with patients who fulfilled strict MCI criteria 
predictive for the development of dementia (Rienstra et al., under revision). This meth-
odological strictness is appropriate from a scientific point of view, but it does not reflect 
clinical reality, and thus limits the generalizability of these findings to the larger popu-
lation visiting memory clinics. Furthermore, none of these studies analyzed a battery of 
neuropsychological tests tapping multiple cognitive domains in the same participants 
(Rienstra et al., under revision). Therefore, the aim of Chapter 5 was to identify the 
cerebral morphometric correlates of neuropsychological deficits in a naturalistic patient 
sample that is representative for first visitors of memory clinics, with a broad spectrum 
of cognitive functioning and impairments, excluding patients who showed non-credible 
performance. We used a comprehensive battery of neuropsychological tests, high-reso-
lution magnetic resonance imaging (MRI), and a whole-brain voxel-based morphom-
etry (VBM) analysis approach. The main finding of this study was that, across various 
cognitive functions, significant correlations with brain structure were found in about 
the same cerebral regions. These areas were located in several parts of the temporal lobe, 
in particular the bilateral middle temporal gyri. Moreover, our results indicate that cog-
nitive function in non-memory domains is correlated with regional brain morphology 
outside the temporal lobes, but only when studied in isolation (Rienstra et al., under 
revision). More in particular, we found that associations with bilateral middle temporal 
lobe grey matter volume were not specific for various domains of cognitive functioning, 
but rather seemed to reflect a general relationship between volume loss and severity of 
cognitive impairments. Most correlations disappeared when they were adjusted for the 
influence of memory impairment. However, the primary memory impairment, charac-
teristic for MCI patients, remained specifically related to lower volume of the left hippo-
campus, when variance in other cognitive domains was accounted for and even became 
more robust when adjusted for other cognitive (non-memory) impairments. 
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7.3.3. Neuropsychological characterization of patients with the WMT dementia 
profile

The aim of Chapter 6 was to investigate neuropsychological functioning in patients 
with a “dementia profile” on the WMT (Green, 2003). The dementia profile is used to 
reduce the number of false positive classifications (i.e. erroneously identifying a pa-
tient as exerting non-credible performance by a SVT while in fact he or she is giving 
abnormal, but valid responses due to truly impaired abilities) (Green, 2003). We hy-
pothesized that, provided that the dementia profile reflects genuine memory impair-
ment, corresponding cognitive deficits should be found in neuropsychological testing. 
Moreover, the profile might contribute to predicting dementia and cognitive decline 
with progression of time (Rienstra, Klein Twennaar, & Schmand, 2013). We divid-
ed participants into three groups according to their symptom validity performance 
at baseline: 1) people who passed the WMT effort subtests, thus showing credible 
performance, 2) people who failed the WMT easy subtests, but showed a dementia 
profile, and 3) people who failed the effort subtests but did not have a dementia profile, 
thus showing non-credible performance. We compared group results on an extensive 
neuropsychological test battery using the baseline and two-year longitudinal data. The 
results demonstrated that patients with the WMT dementia profile at baseline have a 
high chance of showing real cognitive impairment, and even more so two years later. 
They showed a faster cognitive decline than patients who passed the easy effort sub-
tasks. Furthermore, our findings indicated that if a memory clinic patient has a WMT 
dementia profile, the clinician can be fairly confident that the patient is at least in a 
pre-dementia stage. Importantly, the non-credible performance group did not show 
cognitive decline after two years (Rienstra, Klein Twennaar, & Schmand, 2013). Thus, 
the data presented in this study show that the WMT dementia profile not only aids in 
the interpretation of the WMT results when it is utilized as a SVT, but also provides 
clinically relevant information on (future) cognitive impairment and early dementia.

7.3.4. Discussion part II
Taking an overall view of the findings in the second part of this thesis, we may formu-
late two main conclusions. First, non-credible cognitive test performance occurs in a 
non-negligible proportion of memory clinic patients, which, if undetected, will result 
in invalid MCI diagnoses. Second, brain atrophy in (medial) temporal lobe areas ex-
plains most of the variance in cognitive decline, especially memory dysfunction. 

The concept of MCI is a heterogeneous clinical entity. On the one hand, it rep-
resents in many cases a prodromal state of Alzheimer’s disease (AD) (Defranceso et 
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al., 2010; Petersen, 2007; Wilson, Leurgans, Boyle, & Bennett, 2011). On the other 
hand, it represents a condition including patients who develop non-AD forms of de-
mentia (Serra et al., 2013), but also patients who remain stable or show full or partial 
recovery after initial cognitive abnormalities (Diniz et al., 2009; Maioli et al., 2007; 
Mitchell & Shiri-Feshki, 2009; Visser et al., 2006). Part of this heterogeneity is due to 
a combination of genetic (Davatzikos, Bhatt, Shaw, Batmanghelich, & Trojanowski, 
2011; Spampinato, Rumboldt, Hosker, & Mintzer, 2011) and behavioral factors (Serra 
et al., 2011). Another relevant source of variability in patients satisfying MCI crite-
ria is the existence of various conditions other than neurodegeneration (Gauthier & 
Touchon, 2005). Indeed, we found that about seven percent of our patients showed 
evidence of non-credible performance, which corresponds to the rates that have been 
previously reported in medical or psychiatric cases not involving litigation or com-
pensation (Mittenberg, Patton, Canyock, & Condit, 2002). However, this percentage 
was almost doubled in patients younger than 65 years of  age. Also another study, 
investigating 286 consecutively referred patients in a metropolitan veterans affairs 
medical center, found that the patients showing non-credible performance were rel-
atively young (mean age was 57 years; Axelrod & Schutte, 2010). In the Netherlands, 
for most people this is the retirement age. It is therefore tempting to hypothesize that 
SVT failure of these patients might be associated with psychosocial factors such as job 
dissatisfaction or wish for early retirement. Furthermore, our findings showed that, in 
patients exerting non-credible performance, there is virtually no correlation between 
hippocampal volumes and memory performance (Rienstra et al., 2013a) and that this 
group did not show cognitive decline after two years (Rienstra et al., 2013b). More-
over, we found evidence for significantly more emotional-behavioral complaints, es-
pecially symptoms of depression and anxiety (Rienstra et al., 2013a). It is also note-
worthy that for one third of our patients with non-credible SVT results MRI data were 
not available because they declined cooperation due to claustrophobic complaints. Al-
though many studies have shown that emotional problems like depression or anxiety 
disorders by themselves are not sufficient to cause SVT failure (Ashendorf, Constanti-
nou, & McCaffrey, 2004; Rees, Tombaugh, & Boulay, 2001; Yanez, Fremouw, Tennant, 
Strunk, & Coker, 2006), it is conceivable that, compared to the general population, 
the risk of SVT failure is increased in individuals who present with emotional-be-
havioral problems or psychiatric disorders. It should be noted, however, that these 
findings could also be explained by overreporting of emotional symptoms in the SVT 
non-credible group. Non-credible cognitive performance and overreporting of emo-
tional symptoms are correlated (Dandachi-Fitzgerald, Ponds, Peters, & Merckelbach, 
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2011; Haggerty, Frazier, Busch, & Naugle, 2007; Whiteside, Dunbar-Mayer, & Waters, 
2009). In conclusion, the results of the studies presented in this thesis show that there 
is non-credible cognitive test performance in a subgroup of MCI patients, which, if 
undetected, will result in invalid MCI diagnoses.  

The second main conclusion of this thesis is that brain atrophy in (medial) tem-
poral lobe areas explains a large part of the variance in cognitive decline. Using a 
comprehensive battery of neuropsychological tests and a whole-brain VBM analysis 
approach, we found significant correlations between brain structure in about the same 
regions, mainly located in the temporal lobes, and neuropsychological tests tapping 
different cognitive functions. We found support for the assumption that these results 
are due to the primary neuropathology of memory dysfunction (Rienstra et al., under 
revision). By contrast, memory impairment itself appeared to be specifically related 
to lower volume of the left hippocampus. This pattern of results has also been found 
in a recent study evaluating associations between grey matter values and a measure of 
multiple cognitive domains capturing memory, language, visuospatial and executive 
abilities in a largely comparable mixed patient sample consisting of normal individu-
als, patients with MCI and subjects with dementia (Farias et al., 2013). In accordance 
with our results these authors found that only hippocampal volume was uniquely as-
sociated with the various cognitive domain scores. Therefore, based on our results and 
those of Farias et al. (2013) it can be concluded that relations between non-memory 
cognitive domains and brain atrophy in other structures than the temporal lobe are 
probably overshadowed by memory decline and temporal lobe atrophy, especially in 
early stages of the disease. Furthermore, it has been shown that left medial temporal 
lobe atrophy, or more precisely, atrophy located in the hippocampus and parahippo-
campal gyrus, is the most consistent neurostructural predictor to conversion to AD 
(Ferreira, Diniz, Forlenza, Busatto, & Zanetti, 2011).

7.4. METHODOLOGICAL CONSIDERATIONS
The major strength of the studies presented in this thesis lies in the nature of the pa-
tient sample: our cohort is likely to represent the kind of patients most dementia spe-
cialists deal with in their practices. We evaluated a large heterogeneous, naturalistic 
sample of elderly patients referred to memory clinics. For all participants the differen-
tial diagnosis included a possible early stage of dementia at the time of referral. Unlike 
most previous studies on cerebral correlates of neuropsychological deficits, we did not 
limit our sample to strictly selected patients fulfilling MCI criteria highly predictive 
for the development of dementia and without psychiatric co-morbidity. Instead, we 
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only excluded clear dementia cases, so that we retained a more representative mix of 
‘difficult’ memory clinic patients. This aspect will enhance the generalizability of our 
findings to clinical practice in memory clinics. Second, the extensive neuropsycholog-
ical evaluation tapping multiple cognitive domains in combination with high-resolu-
tion magnetic resonance imaging (MRI), and a whole-brain VBM analysis approach 
in our large sample made it possible to test the domain specificity of volumetric asso-
ciations with neuropsychological test performance. Similar studies usually examine 
just a single cognitive domain. Third, our study is longitudinal, which is an important 
methodological strength when the subject is cognitive decline or dementia.

Some methodological limitations of the current research should also be addressed. 
The first concerns the small size of the non-credible SVT group. Using a report on 
a large sample of consecutive patients referred to a university based memory clin-
ic (Hejl, Hogh, & Waldemar, 2002) as a guideline, we expected to find about 35% 
uncertain pre-dementia diagnoses mostly due to emotional or behavioral problems, 
before starting our project. However, the percentage appeared to be considerably low-
er. One explanation for this low incidence may be the type of referrals to our project. 
We recruited the major part of our sample in neurological memory clinics. Although 
depression is a common diagnosis in this type of clinic (Hejl et al., 2002), one might 
expect a higher proportion of SVT failure in patients from psychiatric memory clinics. 
Furthermore, it is quite possible that the low incidence of non-credible performance 
in our study might be caused by a selection bias. Exaggeration of symptoms or impair-
ments is probably a common cause of non-credible performance in clinical practice 
when patients feel the need to get recognition for their complaints (Miller, 2001). Our 
patients were asked to take part in a research project, which inherently implies recog-
nition for their complaints. This may have reduced any tendency to exert non-credi-
ble performance. This assumption is supported by the observation that some patients 
who were referred to our study, had non-credible test results on a previous neuropsy-
chological examination, but actually performed above the cut-offs for non-credible 
performance when tested in the context of our research project. 

A second methodological issue is that, due to a shortage of financial means, we were 
unable to collect MRI data of a healthy control group. This prevented us to compare 
the grey matter tissue between credibly performing patients, non-credible patients and 
healthy controls. It would have been interesting to examine brain-behavior relationships 
in healthy individuals and to compare them with those found in the other study groups. 
This information probably could have provided more information about the dominance 
of temporal lobe atrophy and memory impairment in genuine MCI patients. 
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Third, besides brain atrophy, we did not include other biomarkers of AD. Among 
several potential diagnostic biomarkers, the most consistent findings have been ob-
tained with the measurement of cerebrospinal fluid (CSF) concentrations of β-amyloid 
peptide 42 (Aβ42) and levels of total tau (T-tau) and phosphorylated tau (P-tau). AD 
patients characteristically display low concentrations of Aβ42 and high concentra-
tions of T-tau and P-tau. This pattern of CSF biomarkers is commonly referred to as 
the ‘AD signature’ (Forlenza, Diniz, & Gattaz, 2010). MCI patients who convert to AD 
within a few years have a CSF biomarker pattern indistinguishable from the pattern 
found in patients with dementia of the AD type. MCI patients with progressive deficits 
(albeit not severe enough to characterize conversion) also have a pattern similar to AD 
patients. Conversely, patients with unstable (transient MCI) or non-progressive cog-
nitive deficits (stable MCI) typically have a CSF biomarker pattern very similar to that 
found in healthy older adults (Forlenza et al. 2010). It would support the findings of 
our study if it could be shown that the CSF biomarker pattern of non-credible patients 
is similar to that of healthy control subjects.

Fourth, one might object that by examining a relatively unselected sample of 
memory clinic patients we neglected the etiology of the impairments. Admittedly, 
brain – behavior relations may be different across diseases. Yet, we do not think this 
objection is valid since we excluded other neurological causes than neurodegenerative 
brain disease. With a few exceptions, the large majority of patients who declined over 
the next two years satisfied either MCI or AD criteria at follow-up (Schmand et al., 
2014). Thus, the baseline sample on which we report in this thesis mainly consisted 
of three main categories: worried well, patients who had a psychiatric disorder but 
were not in a dementia trajectory, and patients who had MCI or dementia due to a 
neurodegenerative disease. Since for some of the studies we also excluded patients 
with non-credible test performance, we assume that the subgroup of patients with 
a psychiatric disorder but no neurodegeneration showed the usual brain – behavior 
relations of healthy elderly. 

Finally, there was a considerable loss to follow-up (35% of the patients), which 
may have biased our results. Taking the group classification of chapter 6 as a starting 
point (i.e. non-credible performance, dementia profile, normal effort scores), there 
was a significant difference in attrition rates between groups (p= 0.05). Most patients 
were lost to follow-up in the older group with the dementia profile (46%), followed by 
the group of participants with non-credible performance (34%) and the group with 
normal effort scores (27%). This is likely to have affected the findings of this study, 
because the most severely impaired patients at baseline could be expected to exhibit 
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a faster rate of cognitive decline. Thus, our longitudinal data are likely to have given a 
conservative estimate of cognitive change. 

7.5. RELEVANCE AND IMPLICATIONS FOR CLINICAL PRACTICE
The findings in this thesis have several important clinical implications. The clinical 
implications of our preparatory studies on the employability of SVTs are that our im-
proved reference data for the WMT increase the efficiency of a neuropsychological 
evaluation and will lead to improved interpretation of the WMT profile of subtest 
scores. The results of the second part of our research have shown that brain-behavior 
relations may be obscured and the diagnosis of a preclinical dementia stage may be 
invalid in patients who do not perform to the best of their ability during cognitive 
evaluation. This underscores the importance of administering formal tests of symp-
tom validity in the examination of patients who present with cognitive complaints that 
may signify an early stage of dementia, especially when patients are below 65 years of 
age. If neuropsychologists administer SVTs in their diagnostic routine, it will help to 
improve the predictive validity of the MCI concept by averting false-positive diagno-
ses of (early) dementia (Heilbronner, Sweet, Morgan, Larrabee, & Millis, 2009). By 
administering SVTs in the examination of these patients, clinicians will be able to di-
vide the population of suspected pre-dementia patients into three subgroups. The first 
group will be composed of patients with normal SVTs and abnormal cognitive tests. 
These will be the patients with validly and reliably established cognitive disorders. If 
diagnostic work-up excludes other etiologies than degenerative brain disease, these 
patients are likely to convert to dementia in the years to come. The type of cognitive 
impairment and other clinical characteristics will determine to what type of dementia 
a patient will convert (Dubois et al., 2007; Serra et al., 2013). The second group will 
contain patients with abnormal SVTs and abnormal cognitive tests. Strictly speaking 
it is uncertain whether or not these patients are in a pre-dementia stage, because the 
presence of cognitive impairment has not been validly established nor has it been 
disproven. However, in these patients an emotional-behavioral or psychiatric etiology 
is much more likely, whereas a degenerative dementia is much less likely than in the 
first subgroup of patients. Psychiatric evaluation is important in this second category 
in order to establish alternative diagnoses and to install adequate treatment or other 
patient care. The third group will consist of patients with normal SVTs and normal 
cognitive tests. These patients, although complaining of mental dysfunction, do not 
show objective evidence of cognitive impairment. Some may just be overly concerned 
about their mental state but otherwise physically and mentally healthy. Others may 
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suffer of emotional, behavioral or psychiatric problems similar to those of the second 
subgroup, with the only difference that they invested normal effort during cognitive 
testing. Psychiatric screening is also important in this category. 

 Furthermore, the results of part II underscore the importance of adminis-
tering all WMT subtasks to fully understand the profile. The results on the first three 
easy subtests must be placed in the context of the last three conventional tests of 
verbal memory. In this way, the WMT dementia profile not only aids in interpretation 
of the WMT results when it is utilized as a SVT, but also provides clinically relevant 
information on (future) cognitive impairment and early dementia. 

7.6. RELEVANCE AND IMPLICATIONS FOR SCIENTIFIC RESEARCH
The results from our studies demonstrated that undetected, non-credible cognitive test 
performance in a subgroup of patients will result in invalid MCI diagnoses. From a re-
searcher’s point of view, these patients are a methodological nuisance, causing noise in 
the data. The possibility that a negative response bias may be a contaminator of scien-
tific data has been discussed before, in particular in the context of post traumatic stress 
disorder and sexual abuse by Catholic Church officials (Freeman, Powell, & Kimbrell, 
2008; Geraerts et al., 2009; Merckelbach, Langeland, de Vries, & Draijer, 2014; Rosen, 
2004; Rubenzer, 2009). The conclusion that arises from this discussion is that in some 
scientific contexts possible response bias should be checked for, and invalid responders 
should be cleaned from the study samples. Otherwise, research data may not only be 
contaminated, but yield wrong conclusions, which do not correspond to the real facts. In 
this study the percentage of patients who failed SVTs was not excessively high. Undetect-
ed noise would not have affected our data very much. In settings where this percentage is 
higher, however, it could significantly obscure brain-behavior relations. We assume that 
this is particularly problematic in many psychiatric contexts (see e.g. Gorissen, Sanz, & 
Schmand, 2005; Stevens, Fabra, & Thies, 2014; Van Egmond, Kummeling, & aan Bal-
kom, 2005). If researchers of the early stages of dementia apply SVTs, they may avoid 
this type of ‘pollution’ of their samples, thus increasing the statistical power of their stud-
ies, and decreasing the budgets necessary to conduct the research.

7.7. RECOMMENDATIONS FOR FUTURE RESEARCH
In view of the growing prevalence of dementia worldwide, there is an urgent need 
for the development of better diagnostic tools and more effective therapeutic inter-
ventions. At the earliest stages of AD, until now no conventional clinical methods 
can guarantee perfect predictive validity. New technologies based on structural and 
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functional neuroimaging (such as amyloid imaging; Petrella, 2013), and on the bio-
chemical analysis of CSF may reveal correlates of intracerebral pathology in individ-
uals in the pre-clinical stages of the disease. However, since the clinical symptoms of 
dementia are of a behavioral nature, accurate early assessment of symptoms based on 
behavioral methods will probably always be of vital importance.

The overall objective of this thesis was to improve the neuropsychological assess-
ment of symptoms that precede dementia, and consequently, to improve the prediction 
of conversion to dementia in participants for whom the differential diagnosis included 
a possible pre-clinical stage of the disease by applying SVTs to detect non-credible 
performance. Contrary to our expectations, the incidence of non-credible perfor-
mance in our cohort was considerably low. This does not imply, however, that the 
influence of non-credible performance on neuropsychological test results may be ig-
nored. Therefore, the first recommendation is to study more extensively the influence 
of non-credible performance on neuropsychological test results in patients suffering 
from a possible early stage of dementia by expanding the type of referrals. Based on 
our results, we expect to find a higher proportion of SVT failure in patients from psy-
chiatric memory clinics, especially when they are younger than 65 years of age. 

Second, besides non-credible performance, there is another cause for the lack of 
predictive validity of behavioral methods for the early diagnosis of dementia. That is, 
the relatively low reliability (reproducibility) of neuropsychological tests, in particu-
lar memory tests, used to establish cognitive abnormality (Lezak, Howieson, Bigler, 
& Tranel, 2012). The validity of a diagnosis is limited by the reliability of the diag-
nostic instruments used. Therefore, the detection of pre-dementia stages can also be 
improved by applying existing behavioral methods in such a way that they measure 
cognitive functions more reliably than some of the tests now frequently used in clini-
cal practice. One way to raise the test reliabilities is to use the classical method of test 
elongation, i.e. applying more trials of the same task. Actually, we already developed 
new versions of existing neuropsychological tests with proven validity and adminis-
tered them at baseline. However, before we will be able to test if more reliable cognitive 
tests indeed improve the prediction of conversion to dementia, these assessment tools 
need to be investigated in future research to establish appropriate cut-off points and 
reliable reference data. 
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NEDERLANDSE SAMENVATTING

Dementie is een verzamelnaam voor hersenaandoeningen, waarbij er sprake is 
van meervoudige stoornissen in verstandelijke vermogens (waaronder het ge-
heugen), stemming en gedrag. De verwachting is dat één op de vijf mensen 
een vorm van dementie krijgt, waarvan de ziekte van Alzheimer de meest voor-
komende is (http://www.alzheimer-nederland.nl/informatie/wat-is-dementie.
aspx). Wereldwijd wordt het aantal mensen met dementie geschat op 36 mil-
joen (WHO rapport 2012). In Nederland ligt dit aantal op circa 245.000. In 
2040 zal dit zijn verdubbeld tot tenminste een half miljoen en wereldwijd tot 
115 miljoen (WHO rapport 2012).
 Het doel van de studies opgenomen in dit proefschrift was het verbete-
ren van het neuropsychologisch onderzoek naar klachten die zouden kunnen 
wijzen op (een voorstadium van) dementie. De studiepopulatie bestond uit 
patiënten die waren verwezen naar geheugenpoliklinieken. In tegenstelling tot 
de meeste eerdere studies was onze onderzoeksgroep representatief voor dat 
deel van die populatie dat lastig is te diagnosticeren. Niet alleen hadden onze 
patiënten een breed scala aan cognitieve stoornissen, ook includeerden we pa-
tiënten met lichte psychiatrische co-morbiditeit bij wie dementie differentiaal 
diagnostisch overwogen werd. De specifieke doelen waren: 1) het uitbreiden 
van het onderzoek naar de bruikbaarheid van symptoomvaliditeitstests (SVT’s) 
in een geheugenkliniek populatie, en 2) het onderzoeken van de relaties tussen 
hersenstructuren en cognitieve vaardigheden als functie van optimaal en su-
boptimaal presteren.
 In hoofdstuk 1 wordt een algemene inleiding gegeven en wordt de pro-
bleemstelling uiteengezet. Oudere patiënten met cognitieve klachten zoals 
vergeetachtigheid, concentratieproblemen of woordvindingsproblemen en/of 
gedragsveranderingen zoals somberheid, verhoogde prikkelbaarheid, of apathie 
worden veelal verwezen naar geheugenpoliklinieken voor diagnostiek en be-
handeling. De vraag die dan over het algemeen centraal staat is of de klachten 
worden veroorzaakt door een (voorstadium van) dementie dan wel door een 
depressie of een ander functioneel-psychiatrisch probleem. Bij veel patiënten 
is, in het beginstadium, echter vaak moeilijk vast te stellen (of onderscheid te 
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maken tussen) om welke van deze twee etiologieën het gaat. Een compliceren-
de factor is dat dementie niet alleen geassocieerd is met cognitieve stoornissen, 
maar ook met emotionele en gedragsveranderingen. Omgekeerd gaan functi-
oneel-psychiatrische aandoeningen vaak gepaard met cognitieve klachten en 
(lichte) cognitieve stoornissen. Deze co-morbiditeit veroorzaakt frequente mis-
classificatie (Steffens et al., 2006).
 De term mild cognitive impairment (MCI) wordt vaak gebruikt voor de 
overgangsfase tussen normale cognitieve veroudering en dementie. In de lite-
ratuur worden verschillende definities gehanteerd, maar de meeste onderzoe-
kers en clinici beschrijven MCI als een stadium met subjectieve klachten van 
cognitieve achteruitgang (bij voorkeur bevestigd door een naaste), objecti-
veerbare cognitieve achteruitgang op neuropsychologische tests, behoud van 
premorbide intellectuele vaardigheden, intacte instrumentele activiteiten van 
het dagelijkse leven, zonder dat er sprake is van dementie (Albert et al., 2011; 
Dubois & Albert, 2004; Petersen et al., 1999; Petersen et al., 2001; Petersen, 
2004; Winblad et al., 2004). Bij ongeveer 50% van de MCI patiënten worden 
emotionele of neuropsychiatrische symptomen beschreven zoals depressieve 
klachten, apathie en verhoogde prikkelbaarheid (Feldman et al., 2004; Hwang, 
Masterman, Ortiz, Fairbanks, & Cummings, 2004; Lopez, Becker, & Sweet, 
2005; Lyketsos et al., 2002).
 Uit een groot aantal wetenschappelijke studies is gebleken dat patiën-
ten die voldoen aan de criteria van MCI een sterk verhoogde kans hebben op 
het ontwikkelen van een dementiesyndroom. In het geval van geheugenstoor-
nissen ontwikkelt jaarlijks 10-15% van de MCI patiënten de ziekte van Alzhei-
mer, zodat ongeveer 80% binnen zes jaar een dementiesyndroom ontwikkelt 
 (Petersen et al., 2001; Petersen, 2007). Deze indrukwekkende verwachtingsper-
centages zijn echter verkregen in geselecteerde, relatief ongecompliceerde pa-
tiëntengroepen. In een bredere context is de associatie tussen MCI en het ont-
wikkelen van dementie veel minder eenduidig. Bij sommige MCI patiënten blijft 
het beeld bijvoorbeeld jarenlang stabiel, terwijl de stoornissen bij anderen zelfs 
verdwijnen. (Maioli et al., 2007; Mitchell & Shiri-Feshki, 2009; Visser,  Kester, 
Jolles, & Verhey, 2006). Hoewel deze patiënten dus aanvankelijk voldoen aan 
de criteria voor MCI, is de diagnose MCI in het kader van een voorstadium van 
een dementiesyndroom incorrect omdat hun tijdelijke cognitieve achteruit-
gang waarschijnlijk niet veroorzaakt werd door een neurodegeneratieve hersen-
ziekte.
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Zoals eerder beschreven is er vaak sprake van co-morbiditeit van cognitieve 
achteruitgang en emotioneel-gedragsmatige of psychiatrische symptomen. 
Er zijn echter weinig wetenschappelijke studies die met het gelijktijdig voor-
komen van deze symptomen rekening houden (Steffens et al., 2006). De-
mentie-onderzoekers vermijden het probleem vaak door patiënten met psy-
chiatrische stoornissen te excluderen. Hierdoor zijn de meeste studies naar 
de voorstadia van dementie uitgevoerd met sterk geselecteerde groepen MCI 
patiënten die óf geïsoleerde cognitieve stoornissen hebben óf strikt voldoen 
aan de sterk voorspellende criteria voor conversie van MCI naar dementie. 
Deze methodologische striktheid is misschien vanuit een wetenschappelijk 
oogpunt verantwoord, maar niet representatief voor de klinische praktijk. 
De generaliseerbaarheid van de resultaten naar de populatie patiënten die 
geheugenpoliklinieken bezoekt is hierdoor beperkt. Bovendien, de grens tus-
sen MCI en dementie mag conceptueel bezien beschouwd worden als een 
scherpe lijn, in de klinische werkelijkheid is het echter meer een vloeiende 
overgangsfase die bepaald wordt door het oordeel van clinici over het dage-
lijks functioneren (Forlenza, Diniz, Stella, Teixera, & Gattaz, 2013; Gomar et 
al. 2011; Morris, 2012). Evenzo is er geen duidelijk gedefinieerde grens tussen 
normale veroudering en MCI (Loewenstein et al., 2012). Dus, het is enigszins 
kunstmatig om voor wetenschappelijke doeleinden een strikt gedefinieerde 
MCI categorie af te splitsen van het spectrum van cognitieve stoornissen in 
de populatie geheugenpolikliniek patiënten.  
 Als gevolg van beperkte predictieve validiteit van de MCI diagnose wordt 
er op dit moment veel onderzoek gedaan naar hersenkarakteristieken, gene-
tische factoren en ziekte specifieke lichaamseigen stoffen (biomarkers), die 
van invloed kunnen zijn op de progressie naar dementie (e.g., Allan, Sexton, 
Welchew, & Ebmeier, 2010; Chételat et al., 2012; Drago et al., 2011; Hansson 
et al., 2006; Karas et al., 2004; Thurfjell et al., 2012). Echter, de neuropsycho-
logische methoden op basis waarvan MCI en vergelijkbare diagnoses gesteld 
worden zijn niet onfeilbaar. Deze tekortkoming is waarschijnlijk een belangrij-
ke reden voor de beperkte voorspellende waarde van MCI voor het beloop van 
de cognitieve klachten, maar wordt door veel dementieonderzoekers voor lief 
genomen. Dit is jammer omdat verbetering van deze methoden goed moge-
lijk is en zou moeten worden nagestreefd voordat andere, duurdere en meer 
invasieve methoden worden aangewend.
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Bij het vaststellen van klachten door middel van een neuropsychologisch on-
derzoek is de inzet van de patiënt nodig. Met andere woorden, de uitkomst van 
neuropsychologische taken is afhankelijk van de mate waarin een persoon zich 
mentaal inspant. Als de inspanning niet maximaal is spreken we van onder-
presteren. Er is sprake van onderpresteren wanneer een patiënt minder goed 
presteert dan hij zou hebben gedaan als hij zich in redelijke mate zou hebben 
ingespannen om de taak naar behoren uit te voeren (Schmand & Ponds, 2010). 
Omdat onderpresteren een bedreiging vormt voor de validiteit en betrouw-
baarheid van de testresultaten, is het belangrijk onderpresteerders te detecte-
ren. Een belangrijke detectiemethode hiervoor is de symptoomvaliditeitstest 
(SVT). SVT’s zijn taken waarvan leken denken dat ze een beroep doen op een 
bepaalde cognitieve functie, terwijl ze in feite relatief ongevoelig zijn voor milde 
cognitieve stoornissen en de prestatie vooral beïnvloed wordt door de mate 
van mentale inspanning. Bij dit type tests wordt de onderzochte bijvoorbeeld 
gevraagd, na aanbieding van een reeks stimuli, een herkenningstaak uit te voe-
ren. Een score op zo’n SVT beneden kansniveau duidt op bewust voorwenden 
(malingeren), terwijl een score, die onder een experimenteel gestelde cut-off 
score ligt, wijst op een testprestatie onder het niveau waartoe de patiënt met 
een redelijke inzet feitelijk toe in staat zou moeten zijn (onderpresteren).

De eerste studie in dit proefschrift (hoofdstuk 2) beschrijft een onderzoek naar 
de vergelijkbaarheid van de Engels- en Nederlandstalige versie van de Word Me-
mory Test (WMT; Green, 2003), een veel gebruikte SVT. Daarnaast onderzochten 
we, voor het ontwikkelen van referentiedata, welke demografische variabelen 
van invloed zijn op de prestatie op de conventionele geheugenmaten van deze 
taak. Deze studie werd uitgevoerd bij 115 gezonde Nederlandse en 40 gezonde 
Canadese controlepersonen. De resultaten toonden aan dat de Engelse en Ne-
derlandse versie vergelijkbaar zijn. Zoals verwacht bleek, in de gecombineerde 
onderzoeksgroep, op de conventionele geheugentests een effect van leeftijd en 
opleiding op de scores, vooral op de vrije reproductietaken. De gepresenteerde 
referentiegegevens kunnen houvast bieden bij de interpretatie van WMT scores, 
zowel op de SVT-indices als op de conventionele geheugenmaten.

In hoofdstuk 3 werden de resultaten weergegeven van een onderzoek naar de 
validiteit (specificiteit) van SVT’s, door gebruik te maken van een ‘kind-model’ 
van cognitieve stoornissen op volwassen leeftijd. Deze studie werd uitgevoerd 
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vanuit de veronderstelling dat als de nog niet volledig ontwikkelde cognitieve 
vaardigheden van kinderen voldoende zijn voor een goede prestatie op SVT’s, 
deze taken relatief ongevoelig zijn voor milde cognitieve stoornissen bij vol-
wassenen. We namen een neuropsychologisch onderzoek af bij een groep van 
48 kinderen in de leeftijd van 7 tot en met 12 jaar. De testbatterij bestond uit 
vier verschillende symptoomvaliditeitstests (de Test of Memory Malingering 
(TOMM; Tombaugh, 1996), de WMT (Green, 2003), de Amsterdamse Kor-
te Termijn Geheugentest (AKTG; Schmand & Lindeboom, 2004) en de Word 
Completion Memory Test (WCMT; Hilsabeck & LeCompte, 1997)) en aantal 
neuropsychologische taken. De resultaten lieten zien dat jonge kinderen op 
zowel de WMT als de TOMM een score kunnen behalen boven het afkappunt 
voor onderpresteren. De AKTG lijkt eveneens bruikbaar bij kinderen, mits hun 
leessnelheid ten minste vergelijkbaar is met die van negenjarigen. Geconclu-
deerd werd dat de resultaten van deze studie ondersteuning bieden voor de 
validiteit van drie veel gebruikte SVT’s bij volwassenen met milde cognitieve 
stoornissen. Voor de WCMT werd betoogd dat milde cognitieve stoornissen 
kunnen interfereren met de taak en dat derhalve het afkappunt voor malinge-
ren niet correct is.  

Vervolgens onderzochten we in hoofdstuk 4 in welke mate er sprake was van 
onderpresteren in onze studiegroep van geheugenpolikliniek patiënten en wat 
het effect was van onderpresteren op de relaties tussen geheugenscores en 
atrofie van hersenstructuren. We veronderstelden dat als de cognitieve klach-
ten van patiënten die onderpresteren niet veroorzaakt worden door organische 
factoren, er geen of slechts zwakke relaties bestaan tussen hun abnormale ge-
heugenprestaties en hersenvolume. Daarentegen verwachtten we deze relaties 
wel te vinden bij patiënten die in staat waren optimale inspanning te leveren. 
De resultaten toonden aan dat ongeveer 7% van de patiënten positief scoorde 
op SVT’s, maar dat dit percentage bijna twee keer zo hoog was in de patiënten-
groep jonger dan 65 jaar. Daarnaast vonden we, zoals verwacht, dat de corre-
laties tussen geheugenprestaties en hippocampusvolume tamelijk sterk waren 
bij patiënten die optimaal presteerden, terwijl ze verwaarloosbaar waren in de 
groep onderpresteerders. Laatstgenoemden rapporteerden wel significant va-
ker symptomen van depressie en angst. 
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Hoofdstuk 5 beschrijft de bevindingen van een studie waarin de associaties 
tussen cognitieve stoornissen en regionaal hersenvolume werden onderzocht 
in onze representatieve geheugenpolikliniek populatie. De groep onderpres-
teerders werd hierbij buiten beschouwing gelaten. De belangrijkste bevinding 
van dit onderzoek was dat voor verschillende cognitieve domeinen significante 
correlaties werden gevonden met hersenvolume in ongeveer dezelfde gebie-
den. Deze gebieden waren gelokaliseerd in verschillende delen van de tempo-
raal kwab, in het bijzonder de bilaterale middelste temporale gyri. Daarnaast 
suggereerden onze resultaten dat associaties met hersenvolumes in de bilate-
rale middelste temporale lobben niet specifiek zijn voor verschillende cognitie-
ve domeinen, maar eerder een algemene relatie tussen het verlies van hersen-
volume en de ernst van de cognitieve functiestoornissen lijken te reflecteren. 
De meeste associaties verdwenen als ze werden gecorrigeerd voor de invloed 
van de geheugenstoornissen. Echter, geheugenstoornissen bleven specifiek ge-
relateerd aan verlies van hersenvolume in de linker hippocampus, ook als werd 
gecorrigeerd voor variantie in andere domeinen.

In hoofdstuk 6 wordt een longitudinale studie gepresenteerd met als doel 
het onderzoeken van het neuropsychologisch profiel van patiënten met een 
zogenaamd “dementieprofiel” op de WMT. Het dementieprofiel is bedoeld 
om de kans op foutpositieven – patiënten met bonafide cognitieve stoornis-
sen misclassificeren als onderpresteerders – zo gering mogelijk te houden. Het 
dementieprofiel gaat uit van de veronderstelling dat bonafide patiënten die 
dermate ernstige cognitieve stoornissen hebben dat ze niet meer in staat zijn 
boven het afkappunt op de SVT-indices te scores, nog veel slechter presteren 
bij de conventionele geheugensubtests (Green, 2009). De hypothese die in 
ons onderzoek werd getoetst was dat als het dementieprofiel inderdaad bon-
afide geheugenstoornissen weerspiegelt, er overeenkomstige cognitieve func-
tiestoornissen zouden moeten worden gevonden bij neuropsychologisch on-
derzoek. Tevens zou het profiel kunnen bijdragen om conversie naar dementie 
en cognitieve achteruitgang met het voortschrijden van tijd te voorspellen. De 
resultaten wezen uit dat patiënten met dementieprofiel een grote kans hebben 
op cognitieve stoornissen op baseline en nog meer twee jaar later. Daarnaast 
vonden we dat ze een snellere cognitieve achteruitgang lieten zien dan patiën-
ten die normaal scoorden op de SVT-indices. Bovendien suggereert onze studie 
dat als er bij een geheugenpolikliniekpatiënt sprake is van een dementieprofiel, 
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de clinicus er tamelijk zeker van kan zijn dat er sprake is van een beginnend 
dementiesyndroom. De groep onderpresteerders toonden geen cognitieve ach-
teruitgang na twee jaar.

Het proefschrift eindigt met een samenvatting en algemene discussie (hoofd-
stuk 7) van de bevindingen van hoofdstuk 2 tot en met 6. Ook wordt nader 
ingegaan op de methodologische aspecten en tevens op de klinische relevantie 
en de implicaties voor wetenschappelijk onderzoek van de huidige bevindingen. 
Verder worden er aanbevelingen voor toekomstig onderzoek gedaan. 
 Het doel van de studies opgenomen in dit proefschrift was tweeledig. Ten 
eerste richtte het onderzoek zich op het vergroten van de toepasbaarheid van 
SVT’s in geheugenpoliklinieken. De gepresenteerde referentiegegevens voor de 
WMT kunnen houvast bieden bij de interpretatie van scores op de conventione-
le geheugenmaten. Dit heeft twee belangrijke voordelen voor het gebruik van 
de test in de klinische praktijk. In de eerste plaats vergroten de referentiedata 
de efficiëntie van het neuropsychologisch onderzoek doordat met één test zo-
wel onderpresteren als verbaal geheugen kan worden gemeten. In de tweede 
plaats maken de verbeterde referentiegegevens het mogelijk om op meer cor-
recte wijze de WMT profielscores te interpreteren, zoals het dementieprofiel. 
Daarnaast ondersteunen de bevindingen van dit proefschrift de bruikbaarheid 
van drie populaire SVT’s bij volwassenen met milde cognitieve stoornissen.
 Het tweede doel van deze thesis was het onderzoeken van de relaties tus-
sen hersenstructuren en cognitieve vaardigheden als functie van optimaal en 
suboptimaal presteren. Samenvattend suggereren de bevindingen dat er sprake 
is van onderpresteren bij een niet-verwaarloosbare proportie van onze popu-
latie geheugenkliniek patiënten, vooral bij patiënten jonger dan 65 jaar. Daar-
naast tonen onze resultaten aan dat er, bij patiënten die onderpresteren, vrijwel 
geen relatie is tussen het volume van de hippocampus en de prestatie op ge-
heugentaken en dat er bij deze groep na twee jaar geen sprake is van cognitieve 
achteruitgang. Bij patiënten die wel conform hun feitelijke vermogen presteren 
verklaart atrofie in de mediale temporale gebieden de meeste variantie in cog-
nitieve achteruitgang, met name met betrekking tot het geheugen.
Op basis van deze bevindingen werd geconcludeerd dat de diagnose van een 
beginnend dementiesyndroom niet betrouwbaar is bij patiënten die subopti-
maal presteren tijdens een neuropsychologisch onderzoek. Dit kan tevens een 
verklaring bieden voor de beperkte voorspellende waarde van het MCI concept. 
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De klinische implicatie van deze gevolgtrekkingen is dat neuropsychologen 
symptoomvaliditeitstests zouden moeten afnemen bij patiënten die zich pre-
senteren met cognitieve klachten die kunnen duiden op een beginnende de-
mentie, vooral wanneer ze jonger zijn dan 65 jaar. De implicatie voor weten-
schappelijk onderzoek naar dementie zou kunnen zijn dat in sommige gevallen 
de te onderzoeken groepen onderzocht zouden moeten worden op patiënten 
die onder hun feitelijke vermogen presteren. De inclusie van deze patiënten zou 
niet alleen leiden tot ‘vervuilde’ onderzoeksgroepen, maar ook tot verkeerde 
conclusies die geen recht doen aan de feiten. 
 Op basis van de bevindingen bij patiënten die wel conform hun feitelij-
ke vermogen presteren kan worden geconcludeerd dat in heterogene onder-
zoekspopulaties de relaties tussen niet-geheugen domeinen en atrofie in an-
dere hersenstructuren dan de temporaalkwab overschaduwd kunnen worden 
door geheugenstoornissen en atrofie in de temporale gebieden, vooral in het 
beginstadium van het ziekteproces.
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DANKWOORD

Het is af! Eindelijk ‘afgestudeerd’, althans bijna… Het is een meerjarenproject geworden 
waarin zovelen hebben bijgedragen aan de totstandkoming van dit boekje en/of aan het 
in stand houden van mijn welzijn. Dit is de plek om iedereen te bedanken. Eén ding is 
zeker: zonder jullie steun zou het een onmogelijke opgave zijn geweest! 

Allereerst dank aan alle patiënten die, ondanks hun vaak onzekere gezondheids-
situatie, bereid waren aan het onderzoek deel te nemen. Het contact met u was een 
onmisbare tegenhanger voor al die uren eenzame arbeid achter de pc. 

Ben Schmand en Marie-José van Tol. Ben, zonder jou was ik er nooit aan begonnen en 
had ik het al helemaal niet afgemaakt. Jouw steun was onvoorwaardelijk en je kennis 
eindeloos. Het gevoel dat ik altijd op je kon rekenen, maakte dat ik vertrouwen hield 
dat het uiteindelijk wel zou lukken. Jouw stimulerende houding, briljante ideeën en 
je heldere, kritische en snelle reacties op de manuscripten maken je tot een geweldige 
promotor. Daarnaast wil ik je bedanken voor je jarenlange begeleiding bij de klinische 
NPO’s en voor het feit dat je me de vrijheid hebt gegeven om de wegen te bewandelen 
die ik graag wilde, terwijl dit niet altijd ten goede kwam aan ons project. 

Marie-José, wat een zegen dat jij op mijn pad kwam. Bedankt voor je inspirerende 
begeleiding en voor je onmetelijke geduld als ik weer eens iets veel te lang had laten 
liggen en daardoor niet meer wist hoe het moest.  Maar vooral ook voor de productie-
ve en o zo gezellige ochtendjes in Dauphine, die letterlijk en figuurlijk ander licht op 
de zaak IDADO wierpen. 

Prof. dr. S.E.J.A. de Rooij, prof. dr. J.M.J. Murre, prof. dr. E.J.A. Scherder, dr. W.M. van 
der Flier en prof. dr. H.L.G.J. Merckelbach: veel dank dat u in de promotiecommissie 
zitting wilt nemen. Prof. em. dr. P. Eikelenboom. Beste Piet, hartelijk dank voor het 
beoordelen van dit proefschrift, maar vooral voor het ‘samen zien’ van zoveel patiën-
ten. Ik bewonder de manier waarop je patiënten, hoe ellendig ze zich ook voelen, altijd 
even in hun kracht weet te zetten.
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Neurologen en arts-assistenten van de afdeling Neurologie van het AMC voor het ver-
wijzen van patiënten. In het bijzonder, Pim van Gool, Gerard Walstra en Edo Richard. 
Beste Pim, je vervulde samen met Gerard en Edo een sleutelrol bij de inclusie en follow-
up en bent medeauteur van twee belangrijke hoofdstukken. Maar bovenal, dank voor 
het delen van je kennis over neurologie, psychiatrie en al het andere waar je zoveel van 
weet. Beste Gerard, bedenker van de ‘flut-diagnose’ en de enige die ik ken die ons vak 
uitspreekt als ‘nuiropsychologie’. Ontzettend bedankt voor al je inzet en betrokkenheid. 
Beste Edo, de brug tussen D2 en H2. Dank voor je steun, interesse en voor al je hulp bij 
het bekijken van MRI’s, het voorbereiden van praatjes en nog veel meer. En natuurlijk 
voor je gezelligheid. Dat was minstens zoveel waard. 

Van de afdeling Radiologie van het AMC: Charles Majoie, Aart Nederveen en Paul 
Groot. Hartelijk dank voor het faciliteren het MRI-proces, het analyseren van de data 
en het meeschrijven met artikelen. Sandra van den Berg en Raschel van Luijk-Snoeks, 
dank voor het leren bedienen van de scanner en jullie hulp als er weer eens iets mis 
was (of ik iets fout deed). Silvia Olabarriaga en Vladimir Korkhov, jullie Houdini act 
op het Grid kwam precies op tijd en redde de revisie van hoofdstuk 4. 

Artsen en psychologen van de afdelingen Geriatrie van het Medisch Centrum Alk-
maar en het Slotervaartziekenhuis, GGZ Noord-Kennemerland Noord en Geriant 
Noord-Kennemerland hartelijk dank voor het aanmelden van patiënten. Jos de Jonghe, 
dank voor je input bij het schrijven van hoofdstuk 4. 

Harriet Kuil, Farida Romeo-Melehi en Aziza Ain Drou, dank jullie wel voor de admi-
nistratieve en organisatorische ondersteuning, jullie vakbekwaamheid en flexibiliteit 
bij de bloedafnames en alle ontspanning tussen de bedrijven door.

Johan van der Meer, redder in nood! Ontzettend bedankt voor al je oplossingen bij 
scanner- en computerproblemen. Maar vooral voor de gezellige breaks met cappuc-
cino of winegums.

Dirk Jan Menger. DJ, onze kennismaking was er één om nooit te vergeten. Dank voor 
alle leuke gesprekken en discussies over onze onderzoeken, maar ook over ‘tv-neuzen’ 
en collega’s met onhebbelijke eigenschappen. Het was me een waar genoegen!
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Alle collega’s van de programmagroep Brein & Cognitie, in het bijzonder Pauline 
Spaan. Beste Pauline, dank voor je begeleiding en inbreng. Jouw kritische feedback 
heeft me ongetwijfeld behoorlijk wat lastige reviews bespaard. Ook het secretariaat 
B&C wil ik graag bedanken voor het feit dat ze altijd bereid waren van alles en nog 
wat te regelen. En natuurlijk, roomies van 6.29, Bram, Marieke, Mark, Renée en Carly. 
Ondanks dat ik slechts sporadisch aanwezig was, heb ik me altijd erg welkom gevoeld. 
Zonder jullie zou het maar een saaie boel zijn geweest!! 

Neuropsychologen van het AMC. Dino, dank voor je interesse in mijn onderzoek en 
gezelschap in ‘het hok’. Jeanette, wat keek ik altijd uit naar het moment dat jouw werk-
periode bij de psychiatrie weer voorbij was! Wytske, mijn meest welbespraakte collega 
ever. Dank voor al je wijsheid en beschouwingen.

Harriet, jij legde het fundament van de constructie waaraan ik nog steeds aan het 
bouwen ben. Dat ene verslag zonder correcties zal me nog lang bij blijven. Ik ben blij 
dat ik nog steeds op je kan terugvallen. Maar, het aller fijnst vind ik dat wij elkaar weer 
opzoeken voor coffee-dates om te praten over ons vak en de kinderen, die veel belang-
rijker zijn dan wat dan ook.

Stagiaires neuropsychologie, Marjolein, Marije, Ewa en Bas, veel dank voor al 
jullie hulp bij het testonderzoek. Michelle, jij speciaal bedankt voor al je werk voor 
hoofdstuk 6! 

Justine, Nina en Hyke, drie op een rij stagiaires uit duizenden! Ik ben jullie zó 
dankbaar voor al jullie werk!! Wat was het fijn om te weten dat er zulke goede mensen 
voor de patiënten en de data zorgden. Ook alle gezelligheid, lol, fietstochtjes naar het 
AMC en etentjes hebben veel voor me betekend. Laten we ons contact warm houden!

Trainers van Intensieve Neurorevalidatie, Martie, Marijn en Arwen. Toen ik als stagiaire 
psychologie bij INR te gast was dacht ik: “daar wil ik ooit werken”. Ik ben jullie dankbaar 
dat die wens is uitgekomen. Klega, zoals jij is er maar één. Ik zou in m’n kamer graag een 
plekje voor je vrijmaken. Lieve Klaartje, dank voor al je ontnuchterende opmerkingen, 
reacties op mijn gezucht, dat je zelf ook soms lekker zuchtte, tea-time en fijne etentjes.

Collega’s van Geriant, in het bijzonder van de kliniek, en woonzorgboerderij de Rei-
gershoeve. Het ‘bijna af ’ van dit proefschrift bleek een rekbaar begrip. Dank voor jullie 
belangstelling en steun. Ik heb maar mazzel met collega’s zoals jullie. Marianne, het is 
fijn werken samen. Ik ben blij dat we de mogelijkheid hebben dit uit te bouwen. 
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Mijn lieve vriendinnen. Lieve Roeters, samen zouden wij inmiddels de meest veel zijdige 
psychologie praktijk van Nederland kunnen beginnen. Maar gelukkig praten we voor-
al over dagelijkse beslommeringen, lezen we nietszeggende tijdschriften en houden we 
elkaar tot in den treuren op de hoogte van de ontwikkelingen van onze opgroeiende 
kinderen. Dank jullie wel voor onze onvoorwaardelijke vriendschap. Ik zou niet weten 
wat ik zonder zou moeten. Lieve Ak, soms komt er iemand op je pad die precies begrijpt 
wat je bedoelt zonder dat je iets hoeft uit te leggen. Onze tijd als huisgenoten was onver-
getelijk! Lieve Anoek, tussen de poepluiers vonden wij elkaar. Ik ben heel blij dat we nog 
steeds contact hebben en dat nu ook onze spruiten het samen zo goed kunnen vinden. 
Lieve Saar, onze vriendschap blijft heel dierbaar. Hoe weinig we elkaar ook spreken of 
zien. Lieve Meike, bijzonder hoe ons samenwerken zich heeft ontwikkeld tot een fijne 
vriendschap, met als hoogtepunt ons gezamenlijk broeden! Heel veel dank voor al je 
steun en hulp, zelfs nog in de laatste fase van dit boekje. Maak er iets moois van in het 
zuiden. Ik ga je missen! Lieve Mirjam, heerlijk dat ik met werkelijk alles bij je terecht 
kon. Ons zeer frequente contact was een stabiele factor in vaak zo woelige tijden. Van-
zelfsprekend ben jij paranimf! Ik bewonder je bevlogen manier van onderzoek doen en 
vind het geweldig dat jij je plekje op het AMC weer hebt. 

Lilian, wat is het altijd gezellig samen! Waar we ook zijn en wat we ook doen. 

En dan, m’n familie. Allereerst Herman m’n dierbare, hippe oom die eeuwig jeugdig 
blijft (zelfs met leesbril). Aan jou dank ik dit mooie boekje. Wat heb je er een werk aan 
besteed, onbetaalbaar! Face-time en WhatsApp zijn geduldig, gelukkig, maar wat zou 
ik jullie graag ook wat vaker willen zien!

Την πεθερά, τον πεθερό και τους κουνιάδους μου, σας ευχαριστώ πάρα πολύ για τη 
ζεστή ατμόσφαιρα που με κάνει να νιώθω σπίτι μου όταν ερχόμαστε στην Ελλάδα  
και για την άψογη φροντίδα στα παιδιά και σε μένα όταν έπρεπε να δουλέψω γι’ αυτό 
το βιβλίο.

Dirk-Jan, met stip de leukste, en grappigste zwager. Ghislaine en Aimée, lieve nichtjes, 
het is een feest dat jullie er zijn! Sissie, wie anders zou mijn ‘nimf ’ kunnen zijn. We 
zijn minstens even verschillend als dat we op elkaar lijken en dat maakt ons een ijzer 
sterk team. Jij weet kleur te geven aan alles wat bij mij zwart-wit blijft. Het is fijn dat 
je nu ook fysiek zo dichtbij bent. Het hebben van een ‘kleine’ zus als jij is het mooiste 
cadeau ooit!
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Lieve papa en mama, de afgelopen jaren heb ik niet alleen veel geleerd over het doen 
van onderzoek, maar ook over mezelf. Ontspannen en genieten van het leven is een 
hele kunst! Jullie grenzeloze support en goede zorgen voor mij en later ook voor de 
jongetjes maakten dat het allemaal nog een beetje leuk en haalbaar bleef. Ik hoop dat 
ik jullie nog heel lang naast me heb! 

Nicolas en Alexis, onze mannetjes. Jullie doen mij beseffen wat in het leven echt be-
langrijk is. Het is prachtig jullie te zien opgroeien. Wat voel ik me rijk met jullie!

Last but not least, Yannis. Who would have thought, seven years ago on a catama-
ran in Rhodes, that we would stand here today! One soldier down, finally! Thanks for 
all your support, patience and understanding. I love you and I look forward to our 
future together as a family. 

Anne Rienstra
november 2014
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