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Introduction: Diagnostic classification systems and guidelines posit distinguishing 
patterns of impairment in Alzheimer’s (AD) and vascular dementia (VaD). In our 
study, we aim to identify which diagnostic instruments distinguish them.

Methods: We searched PubMed and PsychInfo for empirical studies published until 
December 2020, which investigated differences in cognitive, behavioral, psychiatric, 
and functional measures in patients older than 64 years and reported information 
on VaD subtype, age, education, dementia severity, and proportion of women. 
We systematically reviewed these studies and conducted Bayesian hierarchical meta-
regressions to quantify the evidence for differences using the Bayes factor (BF). The 
risk of bias was assessed using the Newcastle-Ottawa-Scale and funnel plots.

Results: We identified 122 studies with 17,850  AD and 5,247 VaD patients. 
Methodological limitations of the included studies are low comparability of patient 
groups and an untransparent patient selection process. In the digit span backward 
task, AD patients were nine times more probable (BF  =  9.38) to outperform VaD 
patients (βg   =  0.33, 95% ETI  =  0.12, 0.52). In the phonemic fluency task, AD 
patients outperformed subcortical VaD (sVaD) patients (βg  =  0.51, 95% ETI  =  0.22, 
0.77, BF  =  42.36). VaD patients, in contrast, outperformed AD patients in verbal 
(βg   =  −0.61, 95% ETI  =  −0.97, −0.26, BF  =  22.71) and visual (βg   =  −0.85, 95% 
ETI  =  −1.29, −0.32, BF  =  13.67) delayed recall. We found the greatest difference in 
verbal memory, showing that sVaD patients outperform AD patients (βg  =  −0.64, 
95% ETI  =  −0.88, −0.36, BF  =  72.97). Finally, AD patients performed worse than 
sVaD patients in recognition memory tasks (βg  =  −0.76, 95% ETI  =  −1.26, −0.26, 
BF  =  11.50).

Conclusion: Our findings show inferior performance of AD in episodic memory 
and superior performance in working memory. We found little support for other 
differences proposed by diagnostic systems and diagnostic guidelines. The utility 
of cognitive, behavioral, psychiatric, and functional measures in differential 
diagnosis is limited and should be complemented by other information. Finally, 
we  identify research areas and avenues, which could significantly improve the 
diagnostic value of cognitive measures.
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1. Introduction

Alzheimer’s disease and cerebrovascular pathologies are the 
most common causes of primary dementia (Lobo et  al., 2000; 
Plassman et al., 2007; Brunnström et al., 2009). They can present 
either as pure Alzheimer’s dementia (AD), pure vascular dementia 
(VaD), or as mixed dementia, i.e., AD with VaD (Sachdev et al., 
2014; Custodio et al., 2017; Alber et al., 2019). Each of these three 
forms are thought to have different patterns of pathology, disease 
progression, and cognitive impairment (Bowler et al., 1997; Kramer 
et al., 2004; but see also van de Pol et al., 2011; Smits et al., 2015; 
Bischof et  al., 2016; Dronse et  al., 2016; Custodio et  al., 2017; 
Ramirez-Gomez et al., 2017; Richter et al., 2020). In this systematic 
review and meta-analysis, we  focus on the abilities of cognitive, 
functional, and measures of behavioral and psychological symptoms 
in dementia (BPSD; Shah et al., 2005; Perri et al., 2014; Deardorff 
and Grossberg, 2019) to distinguish AD and VaD. Cognitive 
impairment represents a core diagnostic criterion of both diseases 
(Looi and Sachdev, 1999; World Health Organization, 2004, 2022, 
11; American Psychiatric Association, 2013). While AD patients 
have memory impairments, which initially overshadow other 
cognitive deficits, VaD patients have been described as presenting 
heterogenous cognitive profiles with common impairments of 
executive, attentional, and visuo-constructional abilities (Baldy-
Moulinier et  al., 1986; Almkvist, 1994; Looi and Sachdev, 1999; 
Hachinski et al., 2006; Skrobot et al., 2018; Sachdev et al., 2019; 
Smith et  al., 2020). Accordingly, cognitive tests should have a 
substantial role in the differential diagnosis of dementia, especially 
in the early stages of the diseases (Hachinski et al., 2006; Sachdev 
et al., 2014, 2019; Smits et al., 2015; Skrobot et al., 2018). An accurate 
differential diagnosis is important for the choice of treatment 
(Hoffmann, 2013; Perng et al., 2018) and has implication for the 
disease prognosis (Bowler et al., 1997; Gill et al., 2013). Moreover, it 
enables caregivers to make informed decisions regarding home care 
or applying for a nursing home. Finally, a correct diagnosis has 
broader economic implications with higher costs in case of 
misdiagnoses (Hunter et al., 2015; Happich et al., 2016).

1.1. Neuropathology and cognitive deficits 
in AD and VaD

While our focus lies on the pattern of cognitive and functional 
impairments in AD and VaD, the research on the differentiation of 
both dementias is inextricably connected with the question of distinct 
and overlapping patterns of neuropathology in both dementias. Here, 
we review the central aspects of brain pathology and their putative 
behavioral and functional correlates.

Alzheimer’s dementia is the result of Alzheimer’s disease 
characterized by the presence of amyloid β-plaques and 
phosphorylated tau, which affect neurons and glial cells (Scheltens 
et al., 2021). Risk factors include advanced age, carrying at least one 
APOE ε4 allele, female sex, and unhealthy lifestyle (Scheltens et al., 
2021). Amyloid β-plaques preferentially affect dendrites and 
typically first appear in the basal portions of the frontal, temporal 
and occipital neocortex from where they spread toward primary 
sensory cortices (Braak and Braak, 1991; Thal et al., 2002, 2008). 
This is also reflected in cortical atrophy, which in very mild and mild 

AD follows the distributions of amyloid β-plaques in the temporal 
and frontal lobes but is also present in parietal lobes (Dickerson 
et  al., 2009). While amyloid β-plaques initially trigger the 
accumulation of neurofibrillary tangles, cognitive decline is thought 
to be driven by pathological tau depositions (Biel et al., 2021). Braak 
and Braak (1991) reported that neurofibrillary tangles and neuropil 
threads have a characteristic temporo-spatial evolution, which they 
divided into six stages (transentorhinal, limbic, isocortical, each 
further divided into mild and severe). In typical AD, the progression 
of AD pathology from the entorhinal, to limbic and neocortical areas 
is reflected in the progression of cognitive impairment from memory 
specific (at transentorhinal and limbic stages) to global impairment 
(in the isocortical stages; Grober et al., 1999; Therriault et al., 2022). 
Ten Kate et al. (2018) further investigated atrophy patterns in AD 
and their relationship with cognitive performance. They identified 
the following four different clusters of cortical atrophy and cognitive 
performance: (a) a medial-temporal atrophy cluster characterized by 
greatest impairments of memory and language; (b) a parieto-
occipital atrophy cluster with the greatest visuo-spatial, executive, 
and attentional deficits; (c) a mild atrophy cluster with the least 
impaired cognition; and (d) a diffuse cortical atrophy cluster with 
temporal and frontal atrophy as well as intermediate cognitive 
impairments. Additionally, there exist biomarker defined AD 
variants (Graff-Radford et al., 2021), which primarily affect language 
(left temporo-parietal atrophy), visuo-spatial processing (posterior 
cortical atrophy), executive functioning (frontoparietal atrophy), 
motor functioning (corticobasal syndrome), and behavior 
(temporal atrophy).

Vascular dementia is an even more heterogenous group of brain 
pathologies of cerebrovascular origin comprising, among others, 
hypoperfusion dementia, strategic infarct dementia, poststroke 
dementia, multi-infarct dementia, and subcortical ischemic vascular 
dementia (Iadecola, 2013; Rincon and Wright, 2013). The latter is 
often a comorbidity in other primary dementias and plays a central 
role in vascular cognitive impairment (Iadecola, 2013; Dichgans and 
Leys, 2017). There are numerous risk factors for these cerebrovascular 
pathologies, which include advanced age, hypertension, diabetes, 
smoking, atrial fibrillation, hyperhomocysteinemia, dyslipidemia, 
and insulin resistance (Iadecola, 2013; Rincon and Wright, 2013; 
Dichgans and Leys, 2017). Cognitive impairment in VaD results from 
primary lesions and secondary, remote atrophy of both gray and 
white matter (Iadecola, 2013; Biesbroek et al., 2017; Dichgans and 
Leys, 2017). Depending on the exact cause of vascular injury, the 
deficits can appear immediately (e.g., in strategic infarct dementia) 
or—like in AD—develop over time (e.g., in cerebral small vessel 
disease; Iadecola, 2013; Dichgans and Leys, 2017). Studies examining 
small vessel disease and subcortical vascular dementia for example, 
have shown that not the total volume of, e.g., matter lesions but their 
location leads to specific cognitive deficits (Biesbroek et al., 2017). 
For example, lesions involving fronto-striatal networks are expected 
to cause deficits of verbal working memory, verbal fluency, and 
cognitive flexibility (Alexander et al., 1986; Frank et al., 2001; Hazy 
et al., 2007). Indeed, Camerino et al. (2021) found that lesions in 
bilateral thalamic radiations, caudate nuclei, and forceps minor lead 
to language and executive deficits. However, a meta-analysis by 
Hamilton et  al. (2021) found that contrary to current consensus 
cognitive impairment resulting from sporadic cerebral small vessel 
disease is not limited to executive functioning and processing speed 
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but that it affects all major domains of cognitive functioning. In fact, 
Tuladhar et al. (2015) demonstrated that the effects of white matter 
hyperintensities on cognition were completely moderated by 
cortical thickness.

Crucially, a mixture of AD and VaD pathologies is very common 
in autopsy samples and might be the most common cause of dementia, 
with pure VaD and AD present in as few as 10% of patients (Iadecola, 
2013; Rizzi et al., 2014; O’Brien and Thomas, 2015; Dichgans and Leys, 
2017; Boyle et  al., 2018). Indeed, AD and VaD pathologies share 
common risk factors such as advanced age, hypertension, insulin 
resistance, diabetes, obesity, hyperhomocysteinemia, dyslipidemia, 
low levels of physical activity, cardiovascular disease, and genetic 
factors (Fahlander et al., 2002; Tsuno et al., 2004; Mathias and Burke, 
2009; Iadecola, 2013; O’Brien and Thomas, 2015; Claus et al., 2016; 
Dichgans and Leys, 2017; Jørgensen et al., 2020; Koton et al., 2022; Lee 
et al., 2022; Eisenmenger et al., 2023). Mixed AD-VaD pathologies are 
characterized by amyloid β-plaques and neurofibrillary tangles as well 
as cerebrovascular lesions including the atherosclerosis of major brain 
vessels, white matter lesions and lacunar infarcts, microbleed, 
microinfarcts and cerebral amyloid angiopathy (Iadecola, 2013). 
Moreover, AD pathology has been shown to cause vascular pathology 
(Behl et al., 2007; Thal et al., 2008) and the mechanisms leading to 
VaD cause brain atrophy (Iadecola, 2013; Dichgans and Leys, 2017). 
Furthermore, a meta-analysis of prospective studies has shown that 
the presence of white matter hyperintensities, a sign of small vessel 
disease, increases the risk for AD by 25% and the risk for VaD by 73% 
(Hu et al., 2021).

The presence and interactions of both pathologies in mixed 
dementia has important implication for hypotheses about differences 
in cognitive performance between AD and VaD and has prompted 
research into the relative contributions of AD and VaD pathology to 
cognitive profiles of mixed dementia patients. In a series of studies, 
Price et al. (2005, 2012, 2015) showed that the degree of executive 
deficits correlates with the volume of periventricular and deep white 
matter lesions and that memory performance correlates with 
hippocampal volume. While the effects of both pathologies on 
cognition and BPSD are most likely additive (Attems and Jellinger, 
2014; Chui and Ramirez-Gomez, 2015; Lam et al., 2021), it has been 
suggested that AD pathology starts to dominate the clinical 
presentation and with time overwhelms the effects of cerebrovascular 
disease (Chui et al., 2006). Regardless of the underlying pathology as 
AD, VaD and mixed dementia progress cognitive abilities decline to a 
degree of impairment, which precludes the use of complex cognitive 
assessment (Bowler et al., 1997; Wentzel et al., 2001; Laukka et al., 
2012; Smits et al., 2015; Smith, 2017). Despite the complexities of the 
relationship between brain pathology and cognitive and functional 
impairment as well as BPSD, there exist many studies on the 
differences in cognitive and functional profiles between AD and 
VaD. We  next review the most important findings from several 
domains reported in the literature.

1.2. Motor functioning and apraxia

Dementia leads to impairments of motor abilities and praxis. 
Whereas these deficits appear later in typical AD, cerebrovascular 
etiology of VaD can lead to motor impairments and apraxia early in 
the course of the disease (Lezak, 2012). Studies examining differences 

between AD and VaD in motor functioning have shown that patients 
with mild to moderate VaD present with more motor symptoms than 
AD patients (Starkstein et al., 1996; Aitken et al., 1999; Simpson et al., 
1999). Differences have also been reported in motor speed. For 
example, Almkvist et  al. (1993) compared patients matched for 
dementia severity and found better performance of AD patients in 
simple reaction time and finger-tapping tasks and concluded that 
motor speed shows promise in distinguishing VaD from AD. Thus, 
whereas studies failed to find clear correlations between cognitive 
impairment and brain lesions in VaD (Lafosse et al., 1997; Jones et al., 
2004), the relationship between vascular lesions and motor 
performance appears to be more straightforward. Apraxia, on the 
other hand, is common in AD and VaD as well as many other 
dementias (Nagahama et al., 2015).

1.3. Processing speed and attention

In the domains of attention and processing speed, Mendez et al. 
(1997) investigated differences between subcortical VaD (sVaD) and 
AD on measures of information processing speed, which included (a) 
a simple reaction time task, which required a key press, when the letter 
A was presented, (b) a stimulus categorization task, in which letters 
other than A were also presented but required no response, (c) a 
response selection task, in which participants had to react to the letter 
A with one and to the letter B with another key, and (d) finally a 
continuous performance task, which was a longer version of the 
stimulus categorization task. They conclude that slower reaction times 
of sVaD patients in three runs of the continuous performance task 
cannot be explained by motor or mental slowing, but that they reflect 
a failure of response criterion adaptation (see also Lamar et al., 2002) 
or impaired tonic arousal. However, two other studies found no 
differences in measures of processing speed (Padovani et al., 1995; 
Heyanka et al., 2010).

Villardita (1993) matched AD and VaD patients on dementia 
severity and found superior performance of AD patients in selective 
attention. The relative advantages of AD patients in the study might 
however also stem from greater motor impairments of VaD patients. 
Further, deficits of executive attention have been found to be common 
already in early AD (Smits et al., 2015; McDonough et al., 2019). Thus, 
there seems to be no clear distinction between AD and VaD in respect 
to deficits of attention.

1.4. Executive functioning and reasoning

The terms executive functioning denotes a multifactorial concept 
(Testa et al., 2012; Diamond, 2013) which describes a broad collection 
of cognitive as well as affective and motivational abilities, required for 
goal-directed behavior (Li et al., 2018). Testa et al. (2012) tested their 
participants using 19 common measures of executive functioning. 
Using principal component analysis, they identified the following six 
areas of executive functioning: prospective working memory, 
set-shifting and interference management, task analysis, response 
inhibition, strategy generation and regulation as well as self-
monitoring and set-maintenance. Notably missing from this list, is 
the energizing factor of executive functioning, which governs drive 
and motivation (Stuss, 2011; Diamond, 2013) and takes on a 
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prominent role in psychiatric and neurodegenerative diseases. 
Numerous studies have been able to verify the clinical impression 
that VaD and AD patients differ in their performances on measures 
of executive functioning. For example, Starkstein et  al. (1996), 
investigating a sample of mildly impaired patients, found more 
impaired cognitive flexibility in VaD compared to AD. Since 
perseverations in different cognitive domains, i.e., memory vs. 
executive functioning, may result from different neurocognitive 
processes, it has been suggested that perseverations in AD result from 
semantic dedifferentiation and that perseverations in VaD reflect 
problems in executive abilities of task-switching and terminating 
tasks (Carew et al., 1997; Lamar et al., 1997; Mendez et al., 1997; 
Graham et al., 2004). Lamar et al. (2002) further reported differences 
in task-set maintenance. Whereas AD only displayed difficulties in 
learning a mental set, VaD patients showed impaired set-attainment 
and maintenance. In general, VaD patients have greater impairment 
of response inhibition, conceptualization, set maintenance, planning 
as well as structuring and manipulating information in working 
memory already in the mild stage of dementia (Mendez and Ashla-
Mendez, 1991; Padovani et al., 1995; Kandiah et al., 2009). However, 
Baillon et  al. (2003), after controlling for depression, age, sex, 
pre-morbid intelligence, and dementia severity, reported that patients 
with mild AD committed more errors on the Trail Making Test B, 
which suggests a greater impairment of set-shifting in AD compared 
to VaD. There are also reports of no differences in executive 
functioning between mild to moderate AD and VaD (Bayles and 
Tomoeda, 1983; McGuinness et al., 2009, 2010).

In abstract reasoning, Shuttleworth and Huber (1989) report 
impairments of AD patients on the Pictures Absurdities Test. 
Further, Gainotti et al. (1992) found that mild to moderate AD 
patients produced more odd and globalistic answers on Raven’s 
Colored Matrices than participants with multi-infarct dementia 
(MID). Almkvist et al. (1993), however, reported better performance 
of AD patients in the Wechsler Intelligence Scale (WAIS) 
Similarities subtest in a study comparing severity matched patients. 
Thus, the existing studies discern no clear pattern of differences 
between AD and VaD on measures of abstract reasoning and 
executive functioning.

1.5. Language

During the progression of AD and VaD, the difference between 
performance on language measures increases and shows superior 
performance of VaD (Smits et  al., 2015). There are numerous 
studies reporting greater language deficits in AD patients (Barr 
et  al., 1992; Engel et  al., 1993; Villardita, 1993; Kertesz and 
Clydesdale, 1994; Padovani et al., 1995). Although Padovani et al. 
(1995) found worse performance of MID patients on the Controlled 
Word Association Test, the general pattern of findings regarding 
semantic and phonemic fluency is mixed. Multiple studies reported 
no differences in semantic fluency between mild and moderate AD 
and VaD (Barr and Brandt, 1996; Crossley et al., 1997; Vanderploeg 
et al., 2001). Others found that patients with mild AD outperform 
patients with mild VaD (Starkstein et al., 1996; Tierney et al., 2001). 
Giovannetti et  al. (2008) also showed that patients with greater 
vascular pathology also display greater difficulties in 
syntactic comprehension.

1.6. Memory

Deficits of visual and verbal semantic memory are common and 
are observed early in the course of AD (Ricker et al., 1994; Zimmer 
et al., 1994; Libon et al., 1996; Laine et al., 1997; Baillon et al., 2003; 
Clague et al., 2005; Braaten et al., 2006). Carew et al. (1997) showed 
that these deficits of AD patients might stem from a loss of subordinate 
defining features. Thus for AD patients, category-related and unrelated 
words are equally activated in a semantic fluency task (Lukatela et al., 
1998; Giovannetti et al., 2001; Braaten et al., 2006). This might also 
be the reason why AD patients more often accept new words as old in 
verbal recognition memory (Gainotti et  al., 2001). The 
dedifferentiation or loss of organization of memory and of its neural 
bases in AD might further explain the general recall deficits also 
observed on episodic, semantic as well as memory measures 
combining semantic and episodic memory (Batchelder et al., 1997; 
Cannatà et al., 2002; Davis et al., 2002; Hampstead et al., 2010; Laukka 
et al., 2012; Kwok et al., 2015). However, Bentham et al. (1997) found 
no differences in semantic memory between mild to moderate AD 
and VaD. Similarly, in a study of well-matched but small samples, 
Vuorinen et al. (2000) reported slightly greater deficits in semantics in 
AD but also found similar semantic deficits in both diseases.

There is a consensus that AD patients display greater impairment 
of verbal and visual episodic memory (Mendez and Ashla-Mendez, 
1991; Padovani et al., 1995; Baillon et al., 2003; Graham et al., 2004; 
Hildebrandt et al., 2009; Hampstead et al., 2010), which is prominent 
already in the early stages of the disease (Smits et al., 2015). However, 
no differences between AD, VaD and depressed patients in delayed 
recall have also been reported (Taylor and Gilleard, 1990). As 
mentioned, the deficits in semantic memory have been suggested to 
also play an important role in learning and delayed recall of verbal 
material. For example, semantic impairment has been reported to 
correlate with recall intrusions in mild AD (Loewenstein et al., 1991). 
Further, Bernard et  al. (1992) reported that patients with mild to 
moderate AD failed to use semantic categories based on typicality to 
improve their recall. Del Re et al. (1993) compared age and education 
matched, mildly to moderately impaired AD and MID groups and 
found inefficient encoding and recall in AD patients. They suggested 
that in contrast to MID patients, the poor, non-strategic encoding of 
AD patients leads to an inefficient and random recall (Barr et al., 
1992). AD patients were also found to show flatter and slower learning 
curves than VaD patients, which tended to have a normal learning 
curve (Barr et al., 1992). Gainotti et al. (1989) suggested that impaired 
learning unlike the rate of forgetting (Gainotti et al., 1998) should 
therefore distinguish AD and MID in mild to moderate stages of 
dementia. Batchelder et  al. (1997) also reported that storage and 
delayed retrieval of new information on a time scale of a few minutes 
are the earliest deficits in AD (see also Hassing and Bäckman, 1997; 
Vanderploeg et al., 2001). These deficits most likely reflect the spatial 
patterns of neuronal loss, senile plaques and neurofibrillary tangles 
deposits, which impair structure and function of the CA1, subiculum, 
parasubiculum, and the entorhinal cortex and in turn lead to 
functional isolation of the hippocampus (Carlesimo et  al., 1993). 
These hypotheses however have not yet been examined in a joint 
model of cognitive and neuroimaging data (Batchelder et al., 1997; 
Hofmann and Jacobs, 2014; Palestro et al., 2018; Roelke and Hofmann, 
2020). Corroborating data for these anatomic hypotheses and their 
potential in distinguishing primary dementia forms has however been 
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reported by Della Sala et al. (2012), who used a conjunctive binding 
test to successfully identify AD. They suggested that the discriminative 
power of the test is based on its taxing of the perirhinal and entorhinal 
cortices, but not the hippocampus. It thereby identifies deficits present 
in AD but not in other dementias.

In delayed verbal recognition memory, AD patients also perform 
worse. For example, Doddy et  al. (1998) reported that mild to 
moderate VaD outperformed moderate AD in verbal recognition 
memory (Tierney et al., 2001; Traykov et al., 2002; Hildebrandt et al., 
2009). A study with well-matched groups of AD and VaD patients 
with moderate dementia showed that in recognition memory tests AD 
patients have a liberal response bias, i.e., a tendency to respond “old” 
to new items (Snodgrass and Corwin, 1988; Stanislaw and Todorov, 
1999) which is stronger when presented with semantically related 
words (Barr et  al., 1992). In contrast to the dedifferentiation 
hypothesis, the authors suggested that this most likely reflects an 
executive and not a semantic deficit. Worse performance of AD 
patients on recognition memory tests has also been suggested to 
reflect faulty criterion setting (Yuspeh et al., 2002) i.e., choosing a too 
low threshold for the strength of memory signal at which to respond 
“old” (Snodgrass and Corwin, 1988; Stanislaw and Todorov, 1999). 
Finally, no differences between patient groups were found in repetition 
priming (Carlesimo et al., 1995; Beatty et al., 1998).

1.7. Visuo-spatial processing

Kandiah et al. (2009) reported greater visuo-spatial impairment 
in sVaD on drawing tasks and the WAIS Block Design subtest. 
However, the authors suggested that these deficits are more reflective 
of executive deficits than a true impairment of visuo-spatial processing 
(see also Freeman et al., 2000). Reduced left sided visual exploration 
and symptoms of hemispatial inattention have also been reported in 
AD patients (Fischer et al., 1990a; Fitten et al., 1995; Cherrier et al., 
1999). Arnaoutoglou et al. (2017) also reported that color perception 
differentiated AD from VaD, with AD patients displaying greater 
impairment. Other studies however reported mixed findings and 
allow no clear conclusions about differences in impairments of visuo-
spatial processing (Hier et  al., 1989; DeBettignies et  al., 1993; 
Villardita, 1993; Kertesz and Clydesdale, 1994; Padovani et al., 1995; 
Starkstein et al., 1996; Yamashita et al., 1997; Matsuda et al., 1998; 
Fahlander et al., 2002; Loewenstein et al., 2006; Nordlund et al., 2007; 
Heyanka et al., 2010).

1.8. Other domains

Differences in unawareness of deficit have also been reported with 
AD showing more pronounced anosognosia (Wagner et al., 1997), 
which could also be explained by more severe dementia of AD patients 
in that study. In contrast, Starkstein et  al. (1996) reported lesser 
anosognosia in AD patients and Zanetti et  al. (1999) found no 
differences between dementia types. In respect to BPSD, Fischer et al. 
(1990b) reported that patients with mild AD were more depressed 
than patients with mild VaD. On the other hand, Sultzer and 
colleagues found that, when matched for dementia severity, VaD 
patients had more and more pronounced behavioral symptoms, 
anxiety, and depression than AD patients (Sultzer et al., 1993; Aitken 

et al., 1999; Kandiah et al., 2009; Anor et al., 2017). There are however 
also reports of no differences between moderate to severe AD and 
mild to moderate MID in the frequency of delusions (Flynn et al., 
1991), psychiatric and behavioral symptoms (Sultzer et al., 1992). 
Emotion recognition has also been reported to be more impaired in 
AD patients with moderate dementia (Shimokawa et al., 2000, 2003). 
Finally, there are heterogenous findings regarding impairment of 
olfactory perception (Knupfer and Spiegel, 1986; Gray et al., 2001) and 
of basic and instrumental activities of daily living (Gorelick et al., 
1994; Zimmer et al., 1994; Zanetti et al., 1999; Isik et al., 2007; Brodaty 
et al., 2011; Gill et al., 2013; Giebel et al., 2016; Tisato et al., 2016; Wei 
et al., 2018).

In summary, the existent literature suggests superior performance 
of AD in areas such as verbal fluency, cognitive flexibility, visuo-spatial 
processing, and digit span. Tasks in these domains require abilities 
such as cognitive control in recalling, maintaining, or updating 
information in visual or verbal working memory. They also depend 
on cognitive flexibility, task set maintenance, and speed of processing. 
In contrast, AD patients are suggested to show greater impairment in 
tasks involving semantic and episodic memory, where encoding, 
storage, recall and recognition of learned verbal or visual material are 
all impaired.

1.9. Issues in research and clinical praxis

Despite these findings, cognitive, functional and BPSD measures 
only have a limited role in distinguishing AD from VaD (Almkvist, 
1994; Erker et al., 1995; Voss and Bullock, 2004; Hayden et al., 2005; 
Oosterman and Scherder, 2006; Mathias and Burke, 2009; Dutilh et al., 
2019). This has multiple reasons. For example, misdiagnoses in 
original studies (Wetterling et al., 1996; Sachdev et al., 2014; Hunter 
et al., 2015; Happich et al., 2016) and considerable rates of mixed 
dementia (Groves et al., 2000; Zekry et al., 2002, 2003; De Jager et al., 
2003; Brunnström et al., 2009; Heyanka et al., 2010; Sachdev et al., 
2014; Claus et al., 2016).

Reflecting common neuropathological changes, AD and VaD can 
present with similar patterns of cognitive impairment (Almkvist et al., 
1993, 1999; Fahlander et al., 2002; Mathias and Burke, 2009). The 
differences in cognitive impairment between AD and VaD are further 
attenuated by the variable patterns of brain pathology within each 
diagnostic group (Matsuda et al., 1998; Murray et al., 2011; Iadecola, 
2013; Rincon and Wright, 2013; Noh et al., 2014; Sachdev et al., 2014; 
Dong et  al., 2016; Dronse et  al., 2016; Dichgans and Leys, 2017; 
Richter et al., 2017; ten Kate et al., 2018; Alber et al., 2019). While 
studies published in the last decades began to consider the various 
VaD subtypes (Libon et al., 1997; e.g., Cannatà et al., 2002; Chui et al., 
2006; Ramirez-Gomez et al., 2017), AD continues to be treated as a 
homogenous entity (Moretti et al., 2002). A further complication in 
the diagnostic and research processes is the blurring of cognitive 
differences due to the cortical vs. subcortical pathology, which cuts 
across the AD-VaD division and has been shown to lead to different 
patterns of cognitive impairment (Vanderploeg et al., 2001; Price et al., 
2005, 2012; Behl et al., 2007; Libon et al., 2008; Lam et al., 2021). Using 
a mixture of sVaD and VaD patients in a study necessarily leads to 
reduced observed differences between AD and VaD groups.

The utility of established cognitive, functional and BPSD measures 
in differential diagnostics is also limited by their design. Most 
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measures were developed to identify impaired cognition and not to 
differentiate between causes of cognitive impairment (Baldy-
Moulinier et al., 1986; Cannatà et al., 2002; Lezak, 2012; Sudo et al., 
2019). They are thus underspecified, meaning that impaired 
performance can result from an impairment of one or multiple 
affective, perceptual, and cognitive processes involved. Consequently, 
most neuropsychological tests lack specificity in respect to functional 
and structural neuroanatomy. Finally, unlike for semantic dementia 
(Rogers et  al., 2004; Dilkina et  al., 2008; Hoffman et  al., 2018), 
mechanistic models of AD and VaD, which would inform the 
construction of more sensitive tests, new scoring procedures and 
advance understanding of the connections between pathology and 
behavior, are also scarce (Batchelder et al., 1997; Chosak Reiter, 2000; 
Becker and Lim, 2003; Pooley et al., 2011).

The etiological, psychometric, conceptual, and other limitations 
lead to a modest contribution of cognitive measures in distinguishing 
between forms of dementia, especially when compared to a 
combination of brain imaging and cerebrospinal fluid markers 
(Boutoleau-Bretonnière et al., 2012; Bruun et al., 2018). The promising 
advances of imaging and biomarker studies nevertheless do not render 
cognitive testing, functional and BPSD measures obsolete or 
irrelevant, as biomarkers do not provide information about the 
current cognitive and everyday functioning levels of the patient, 
disease awareness or affective state. Such information is crucial for 
patient care and case specific treatment planning, treatment evaluation 
as well as assessment of disease coping and caregiver stress (Baldy-
Moulinier et al., 1986; Lezak, 2012), thus underlining the need for an 
updated review of available cognitive, functional and BPSD measures.

1.10. Previous reviews and meta-analyses

Before presenting the aims of the present study, we  shortly 
review the existing syntheses of the subject matter. Almkvist (1994) 
published the first review on the topic, in which he aimed to provide 
a clinically applicable description of the distinguishing patterns of 
neuropsychological and sensory-motor impairments in AD and 
VaD. He reviewed measures of intelligence, executive functioning, 
verbal ability, visuospatial functioning, attention, working, episodic, 
and semantic memory as well as sensory and motor functions. 
He  considered the type of participant population (clinic vs. 
community), sampling method (inclusion criteria vs. consecutive 
cases), variations in the diagnostic procedure and criteria, differences 
in age, sex, educational background, and the degree of dementia 
severity as moderating factors. He found that VaD patients perform 
worse than AD patients in executive functions, fluency, attention, 
and motor functions. Conversely, he argued that AD patients show 
greater impairment in naming and produce more memory 
intrusions. However, since the differences were small, he concluded 
that they do not warrant the use of neuropsychological tests for 
differentiation purposes.

Next, Looi and Sachdev (1999) using a more structured approach 
to search and selection of studies investigated differences in 
intelligence, language, attention/immediate memory, verbal learning 
and memory, nonverbal memory, conceptual function, arithmetic, 
frontal executive function, constructional abilities, working memory 
and concentration, motor speed, orientation as well as visual and 
tactile perception. They concluded that VaD patients have a relatively 

preserved long-term memory and a greater impairment of frontal 
executive functioning. These differences, they argued, follow from 
mesiotemporal pathology in AD and lesions of frontal-subcortical 
circuits in VaD. The authors also noted that many studies neither 
accounted for different VaD subtypes nor controlled for the influence 
of demographic variables in their analyses.

The first meta-analysis on the topic was published by Oosterman 
and Scherder (2006) and focused on the WAIS. They argued that, 
despite contradictory findings in the literature, WAIS subtests can 
differentiate between AD and VaD and are especially sensitive to the 
distinction between sVaD and AD. For their analyses they chose 
studies, which matched the participants on age and dementia severity 
but not education, which is surprising since education strongly 
influences the performance on the WAIS (Strauss et al., 2006; Lezak, 
2012). Compared to AD, VaD tended to perform better on the Object 
assembly and Digit Span backward subtests and worse on the 
Information subtest. As hypothesized, they also found that sVaD 
patients outperformed AD on Block Design, Digit Span backward, 
Object Assembly, Picture Arrangement, and Picture Completion 
subtests. This demonstrates that VaD subtypes influence the 
differences in cognitive deficits between AD and VaD.

Finally, Mathias and Burke (2009) published a meta-analysis 
covering a broad range of cognitive measures encompassing 
Orientation and Attention, Perception, Memory, Verbal ability, 
Construction, Concept formation and reasoning as well as Motor 
performance, executive and general functioning. They found that the 
differences between AD and VaD did not correlate with differences in 
age, education and MMSE scores. The meta-analyses also identified 
no test, on which the difference between VaD and AD was great 
enough to be  relevant for single case diagnostics. Importantly, in 
contrast to previous reviews and meta-analyses they found no 
differences in executive functioning between VaD and AD. Nonetheless 
they propose that a test of emotion recognition and a delayed story 
recall test could potentially, in conjunction with other information, 
contribute to differential diagnosis.

1.11. The present study

In our meta-analyses, we build on previous reviews on the topic 
(Almkvist, 1994; Looi and Sachdev, 1999; Oosterman and Scherder, 
2006; Mathias and Burke, 2009). Each of them increased 
methodological rigorousness in providing an overview of the 
diagnostic possibilities and challenges as well as guidance for 
clinicians. In this vein, we also focus on effect sizes to determine 
clinical relevance of reported differences. Additionally, we conduct 
our analyses in the Bayesian framework to be able to quantify the 
evidence (see Table 1) for or against a potential difference between 
AD and VaD, and to account explicitly for the uncertainty of 
reported effect sizes in our syntheses. Further, we synthesize the 
research not only on the contribution of cognitive, but also 
functional and BPSD measures to differential diagnostic of AD and 
VaD, thus expanding our focus on other areas affected by dementia 
pathologies. Prior to performing statistical analyses, we organized 
the measures into most representative domains (Strauss et al., 2006; 
Lezak, 2012). In our statistical analyses, we further compared AD 
patients to the following subtypes of vascular dementia: vascular 
dementia (VaD), subcortical vascular dementia (sVaD), 
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multi-infarct dementia (MID), and vascular mild cognitive 
impairment (VCI) as a counterpart to mild cognitive impairment 
(MCI; Erkinjuntti et al., 1986; Dichgans and Leys, 2017; Rundek 
et  al., 2022). Due to the evolution of the construct of vascular 
dementia, the VaD group is a placeholder term for all the studies 
which did not specify a VaD subtype or included a heterogenous 
patient group with multiple VaD subtypes. To be able to include 
research on MID we also expanded the search beyond 1989.

We assessed the risk of bias using the Newcastle-Ottawa-Scale, a 
commonly used scale for non-randomized studies (Farrah et  al., 
2019), which rates the selection of participants, case definitions, the 
comparability of studied groups as well as the description and 
comparability of experimental treatment in studied groups.

We report the maximum-a-posteriori estimate with its 95% equal-
tailed credible intervals (ETI) of the posterior distribution. In contrast 
to confidence intervals, credible intervals can be interpreted as the 
certainty of the result, i.e., there is a 95% probability that the estimated 
effect lies in the interval. Further, we also report Bayes Factor (BF) as 
a measure of the quantity of evidence for the alternative hypothesis, 
which in our analyses states that there is a non-zero difference between 
AD and VaD subtype, with positive effect sizes indicating that AD 
performed betterr, i.e.,

 M MAD VaD� � 0

The interpretation of the Bayes Factors can be seen in Table 1.
Since we  want to formulate suggestions for clinical practice, 

we also define the region of practical equivalence (Kruschke, 2018) as 
the interval between −1.7 and 1.7 Hedges’ g. For normally distributed 
mean differences this interval corresponds to an overlap of test score 
distributions of two groups of about 25% (Zakzanis, 2001). Such an 
effect size would ensure the correct differential diagnosis in three out 
of four patients. To interpret the results, one needs to consider the 
maximum-a-posteriori estimate as the most probable value of the 
effect size, its credible interval as a measure of certainty in the effect 
size magnitude and the Bayes Factor as a measure of evidence for the 
alternative hypothesis compared to the a priori probability. Further, if 
the estimate of the effect size lies in the region of practical equivalence, 
then its contribution to distinguishing between AD and VaD in 

clinical praxis is very limited. In Bayesian analysis, the researcher must 
choose prior distributions for effects to be estimated. Since the choice 
of prior can influence the magnitude and variance of effect estimates 
and the Bayes factor (Gelman et  al., 2013; Kruschke, 2015), 
we  conducted sensitivity analyses regarding the choice of prior 
distributions to investigate the influence of the prior distribution on 
the parameter estimates.

The objectives of this systematic review and meta-analysis were to 
assess the differences between AD and VaD in available domains; to 
determine their clinical relevance; and to suggest possible avenues of 
research and recommendations for clinical practice. Our results show 
small group differences consistent with the DSM V and ICD-11 
classification systems with better average performance of VaD patients 
in episodic and semantic memory tasks and better average 
performance of AD patients in phonemic fluency and digit span 
backward tasks. For other cognitive impairments thought to 
contribute to differential diagnosis according to the DSM V and 
ICD-11, we however find no support or even strong evidence for no 
difference between AD and VaD. For example, we find little support 
for differences between AD and VaD in complex attention and 
processing speed, which are described as domains of prominent 
deficits in VaD by DSM V and ICD-11 (see Supplementary Material 4). 
Contrary to suggestions in guidelines for differential diagnosis 
(Hachinski et al., 2006), we also found no support for differences in 
cognitive flexibility. In the discussion we consider the implications of 
these findings for the specific cognitive processes involved, clinical 
praxis, and future research.

2. Methods

2.1. Eligibility criteria

We searched for quantitative studies:

 1. Comparing AD to VaD, sVaD, VETI, or MID. We  did not 
consider studies reporting early onset AD, i.e., AD with onset 
before age of 64.

 2. Reporting measures of cognition, psychiatric symptoms, or 
activities of daily living (ADL). Studies reporting only the Mini 
Mental Status Examination (MMSE), or the Montreal 
Cognitive Assessment scores were excluded.

 3. Reporting descriptive statistics or effect sizes for outcomes 
of interest.

 4. Investigating community and hospital-based populations.
 5. Published in English or German language.
 6. Reporting mean age, a quantitative measure of dementia 

severity, mean years of education, and number or proportion 
of women in each group.

Studies which failed to report this information were excluded.

2.2. Information sources, search strategy 
and selection process

In December 2020, we conducted the following search on PubMed 
and PsychInfo databases:

TABLE 1 Heuristic for interpretation of bayes factor BF10 adapted from 
Schönbrodt and Wagenmakers (2018).

Bayes factor Evidence strength

>100 Extreme evidence for H1

30–100 Very strong evidence for H1

10–30 Strong evidence for H1

3–10 Moderate evidence for H1

1–3 Anecdotal evidence for H1

1 No evidence for either H1 or H0

1/3–1 Anecdotal evidence for H0

1/10–1/3 Moderate evidence for H0

1/30–1/10 Strong evidence for H0

1/100–1/30 Very strong evidence for H0

< 1/100 Extreme evidence for H0

H1 stands for the alternative hypothesis.
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Vascular dementia AND alzheimer AND cognit* NOT frailty NOT 
plasma NOT iron NOT clusterin NOT cancer NOT atherosclerosis 
NOT pollution NOT post-mortem NOT astroglial NOT 
hypotension NOT olfactory NOT diabetes

In addition, we used the following filters: English and German 
language, adults 65+ years. Search results were screened independently 
by LS and NM. Disagreements were resolved by consensus. Due to the 
number of identified studies and non-responses to inquiries in the 
previous meta-analysis (Mathias and Burke, 2009), no attempt was 
made to contact study authors to obtain missing information.

We first screened the titles of the search results to identify relevant 
studies and exclude duplicates. In the second step, study abstracts were 
screened using the eligibility criteria to identify studies, which would 
be considered for a full text review. To qualify for the full review stage, 
the abstract had to indicate that cognitive functions were assessed in 
AD and VaD. We identified 385 relevant studies, of which we could 
not retrieve seven studies. The 378 obtained studies were read, and 
their reference lists checked for relevant studies not found in the 
database searches. We also inspected the references from Mathias and 
Burke (2009) to ensure, that we identified all studies included in their 
meta-analysis. After applying our inclusion criteria to all thus 
identified studies, 122 studies which fulfilled all inclusion criteria were 
retained for the meta-analyses. They are reported in 
Supplementary Table 22. All excluded studies failed to meet at least 
one of the inclusion criteria (see also Figure 1).

2.3. Data collection process and data items

Data were extracted independently by LS and a research assistant. 
All disagreements were resolved by consensus. We checked for studies 
reporting the same or an incremented sample to only use unique data 
provided by each study. In case of longitudinal studies, we  only 
included the baseline. If a study reported scores divided according to 
dementia severity, i.e., mild, moderate, severe AD, and VaD, these 
scores were combined to obtain a single, pooled score. If studies 
reported multiple VaD subtypes these were treated as separate studies 
in the analyses. This introduces dependencies between data, which 
were addressed by using hierarchical regression models (see 
Section 3.6).

We extracted all cognitive, behavioral, psychiatric and ADL 
scores, VaD subtype, average age, dementia severity, years of 
education, and number or proportion of women. To structure the 
analyses and results, the reported measures were then sorted into most 
representative domains based on established classifications (Strauss 
et al., 2006; Lezak, 2012), previous reviews on the topic as well as 
criterion and construct validity of tests reported in the literature. For 
example, following a paper on the harmonization of 
neuropsychological assessment in neurodegenerative dementias in 
Europe (Costa et al., 2017) we grouped apraxia and motor symptoms 
into a single domain. As in previous reviews (Almkvist, 1994; Looi 
and Sachdev, 1999) and to reflect the fact that most tests of attention 
are speed-based (Strauss et al., 2006; Lezak, 2012), we also jointly 
discuss attention and psychomotor speed. In accordance with recent 
studies, we categorized verbal fluency tests as language tasks with 
prominent executive components (Unsworth et al., 2011; Whiteside 
et  al., 2016; Aita et  al., 2019; Pires et  al., 2019). The domain 

Visuo-Spatial Processing was defined to comprise visual perception 
and constructional praxis as the latter critically depends both on visual 
input and spatial processing. For example, the Judgment of Line 
Orientation Test and Block Design Tests have been shown to correlate 
highly (r = 68, Strauss et  al., 2006). Further, Almkvist (1994) and 
Ricker et al. (1994) both viewed the tests as belonging to a single 
cognitive domain. We  consider our classification to be  useful in 
structuring the review of impairments and the presentation of our 
results. However, we do not propose a new taxonomy of cognitive 
functioning. Also, VaD subtype was determined according to the 
description of patients’ lesions. If data on multiple dementia subgroups 
were reported then the two most comparable ones were used, e.g., if a 
study reported results for MCI, mild AD, and VCI, we only compared 
the MCI and VCI groups. In the final sample there were no missing 
data, thus no imputation was needed.

Overall, we analyzed the following domains: language production 
and comprehension, apraxia, motor functioning, perception, visuo-
spatial processing, attention and processing speed, executive 
functioning, memory, global functioning, orientation to time and 
space, activities of daily living, disease awareness, depression, anxiety, 
and other affective symptoms, neuropsychiatric symptoms, 
intelligence measures (see also Oosterman and Scherder, 2006), and 
reading ability.

Since studies measured dementia severity with different measures 
these scores were remapped to the range 0–100, with 0 denoting 
maximal cognitive impairment and 100 normal functioning. The 
formula used was:
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For studies reporting standard scores (z or T), an approximate 
range spanning four standard deviations above and below the mean 
of the control group was used (these studies were: Carlesimo et al., 
1993, 1994, 1995; Erker et al., 1995). Differences in reported scores, 
average age, years of education, proportion of women, and severity of 
dementia between AD and VaD subtypes were also calculated as the 
difference between the average of the AD group minus the average of 
the VaD subtype group.

2.4. Study risk of bias assessment

Risk of bias assessment was conducted independently by the first 
and third author for each of the 122 identified studies by funnel plot 
inspection and the Newcastle-Ottawa Scale for case control studies,1 

1 http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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which assesses the studies according to selection of eligible 
participants, comparability of study groups and identical exposure to 
experimental or study procedure. It thus rates the risk of bias in the 
selection of participants, their comparability, and potential differences 
in study execution in each group. The Newcastle-Ottawa Scale does 
not provide an overall risk assessment; thus, no overall risk of bias 

judgment was produced. Disagreements between assessors were 
resolved by discussion until a consensus rating was reached. For 
individual domains, Table 2 shows the respective median ratings on 
the Selection (0–4 stars), Comparability (0–2 stars), and Exposure 
(0–2 stars) scales of the Newcastle-Ottawa-Scale. The Selection items 
evaluate the case definition and representativeness as well as the 

FIGURE 1

Prisma flowchart of the study selection process.
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selection and definition of control subjects. Comparability items assess 
how the study ensured comparability of case and control subjects by 
assessing the study design and controlling for nuisance variables in 
statistical analyses. Finally, Exposure items assess the bases for case or 
control group assignment, blinding of investigators with respect to 
group membership of study participants and the description of 
non-response rate.

2.5. Effect measures

If needed descriptive statistics were transformed to means and 
standard deviations according to Wan et  al. (2014). Then, 

Cohen’s d was calculated as d X X
s

AD VD�
� ; with 

s
n SD n SD

n n
AD AD VD VD

AD VD
�

�� � � �� �
� �

1 1

2

2 2

. Other effect sizes were 

transformed to Cohen’s d using the online tools at http://www.
psychometrica.de/effect_size.html. Finally, we transformed Cohen’s d 
to Hedges’ g values to obtain an effect size measure corrected for small 
sample bias (Cooper et al., 2009). All Hedges’ g values are calculated 
so that a negative effect size reflects worse and a positive effect size 
better performance of AD in comparison to the VaD subtype.

2.6. Synthesis methods

We performed the analyses in R 4.2.0 with brms 2.17.0 (Buerkner, 
2017; Bürkner, 2018). All models were fitted using the No-U-Turn-
Sampler as implemented in brms. After fitting, MCMC chains were 
checked for convergence and mixing by inspection of trace plots, R



 

values (all ≤1.01) and effective sample sizes (Gelman et al., 2013). 
Varying intercept random effects models were fitted as they are 
recommended for psychological studies (Field and Gillett, 2010; Röver 
et al., 2021). The effect sizes were weighted by their standard error 
(Harrer, 2022). The τ statistic—the standard deviation of the random 
effects—was estimated for each level of the random factor to estimate 
the heterogeneity between studies (τStudy) and between outcomes 
within studies (τStudy ES/ ) when a nested model was fitted. Prior 
distributions for intercepts (β0) and predictors (βi) were set to:

 � �0 0 1, ~i Cauchy ,� �

which reflects our expectation, that the effect sizes will be in the 
interval from −5 to 5 g with a probability of 87%. Such a prior also 
allows for some very large effects thus making the model less sensitive 
to outliers. The priors for the variability of random effects (t) were:

 � �Study Study ES Half Cauchy, ~ ./ � � �0 0 5,

These are moderately informative priors, which also allow for 
large between-study heterogeneity (Williams et al., 2018; Röver et al., 
2021; Harrer, 2022). All other parameters had default brms priors.

Multilevel models with cell means parametrization were used 
when a categorical predictor was included in the model (Park and 
Beretvas, 2019). A minimum of two studies per test or subdomain 
were required to calculate a meta-regression. In considering the 
moderator variables, a minimum of five studies per moderator 
variable were required (Borenstein, 2009; Harrer, 2022). Continuous 

TABLE 2 Median scores on the NOS scales for studied domains.

Domain Selection Comparability Exposure

Apraxia 3 1 1

Motor functioning 4 1 2

Attention 3 1 1

Processing speed 3 0 1

Intelligence measures 3 0 1

Executive functioning 3 1 1

Reasoning 4 0 1

Language comprehension 3 0 1

Language production 3 1 1

Reading 2 1 1

Memory 3 1 1

Perception 3 0 1

Visuo-spatial processing 3 1 1

Activities of daily living 3 0 1

Global functioning 3 0 1

Affective symptoms 3 1 1

Neuropsychiatric symptoms 4 1 1

Disease awareness 4 1 1

Orientation to time and space 3 0 1

Ratings of individual studies are available in Supplementary Table 22 in Supplementary Material 1.
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moderators were not mean centered and scaled. VaD subtypes were 
compared using post hoc comparisons and the hypothesis function of 
the brms package. We included VaD subtype as a predictor variable, 
if at least two studies per VaD subtype were available. With increasing 
number of studies, difference in dementia severity, education, age, and 
percentage of women between the AD and VaD subtype were further 
predictors included into the analysis. If needed, the covariates were 
excluded if the variance inflation factor was greater than 5. We present 
the results of all analyses in tables and forest plots.

2.7. Sensitivity analyses of prior distribution 
choice

In the sensitivity analyses on the choice of the prior distribution 
for regression coefficients, we  used a Student-t prior with three 
degrees of freedom:

 � �0 0 1 3, ~i St , ,� �

A standard normal prior:

 � �0 0 1, ~i N ,� �

and a uniform prior a broad effect size range:

 � �0 10 10, ~i U �� �,

For the τ parameters, we used:

 � �Study Study ES Half Cauchy, ~ ./ � � �0 0 5,

 � �Study Study ES, ~ exp/ 1� �

 � �Study Study ES Inverse Gamma, ~ . ./  ,0 501 0 501� �

For each student-t, standard normal and the uniform prior 
models. The inverse gamma prior is a uniform prior on a large range 
of τ values. The results of these sensitivity analyses are presented in 
Supplementary Material 3.

2.8. Study quality sensitivity analyses

Sensitivity analyses pertaining to study quality were conducted for 
each domain by rerunning the analyses using only studies rated at 
least three points on the Selection, at least one point on the 
Comparability and at two points on the Exposure Scale of the NOS. It 
was not possible to conduct sensitivity analyses for apraxia, processing 
speed, reasoning measures, global functioning, disease awareness, 
measures of intelligence, language comprehension, reading, motor 
functioning, orientation to time and space, perception, and social 

functioning. While these analyses investigate the impact of study 
quality on effect sizes, they also resulted in a drastic reduction in 
statistical power. The results of these sensitivity analyses are presented 
in Supplementary Materials 1, 2.

2.9. Certainty assessment

The advantage of the Bayesian approach is the direct expression of 
uncertainty in the posterior distribution of the parameter estimates. 
Thus, synthesizing studies reporting large effect sizes with high 
variability will lead to a large estimated effect size with a wide posterior 
distribution. The width of the credibility interval obtained from the 
posterior distribution is then a quantitative measure of the uncertainty 
about the effect size. Further, the Bayes Factor expresses the ratio 
between the evidence for the existence of the effect compared to the a 
priori expected differences. The magnitude of this ratio is the degree of 
evidence for the existence of a difference between the groups. The 
certainty of evidence can then be judged based on the magnitude of the 
Bayes Factor and the width of the credible interval (Gelman et al., 2013; 
Gelman and Carlin, 2014; Kruschke, 2015), with higher Bayes Factors 
and narrower credible intervals denoting higher degree of certainty.

3. Results

To be  concise, we  presented only the results from language 
production, apraxia, motor functioning, perception, visuo-spatial 
processing, attention, executive functioning, memory domains, and 
risk of bias assessment in the main article. All other information 
including data analysis files is available in the Supplementary Material 1.

3.1. Risk of bias assessment: median 
Newcastle-Ottawa scale scores

In the table below, we present median scores on the three NOS 
scales. While selection scores for most domains show a high patient 
selection transparency, the scores for the Comparability and Exposure 
scales indicate incomplete reporting of information on comparability 
of patient and control groups, blinding and experimental treatments.

3.2. Apraxia and motor functioning

Based on three studies with 189 patients, we  found anecdotal 
evidence for lower apraxia scores in AD patients compared to VaD 
patients (βg  = 1.11, 95% ETI [−0.35, 2.18], BF = 2.02). For facial and 
ideomotor apraxia, no differences were found. Based on three studies 
with 171 subjects, we  found anecdotal evidence for better motor 
functioning of AD patients (βg   = 0.66, 95% ETI [−0.03, 1.42], 
BF = 2.66).

3.3. Attention

In the attention domain, results from two studies involving 232 
patients provided anecdotal evidence for better performance of AD 
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patients as compared to sVaD patients on the Symbol Digit Modalities 
Test (βg = 0.46, 95% ETI [−0.17, 1.02], BF = 1.26). No other differences 
were found. In fact, we found evidence against differences in selective 
attention, sustained attention, and visual attention measures (all 
BF < 0.27; Table 3).

3.4. Executive functioning

Five studies reported Mental Control and Accuracy indices from 
the Wechsler Memory Scale (WMS). The synthesis of the results 
across 247 patients shows anecdotal evidence for better performances 
of AD patients (βg  = 0.48, 95% ETI [0.07, 0.82], BF = 2.68). We also 
found anecdotal evidence for better performance of AD on the digit 
span backwards measure from the WMS (βg  = 0.44, 95% ETI [0.07, 
0.83], BF = 2.51). For other digit span backwards measures, we found 
a moderating effect of the VaD subtype. While the performances of 
AD, sVaD (βg  = 0.14, 95% ETI [−0.02, 0.33], BF = 0.298) and MID 
patients (βg   = 0.42, 95% ETI [−0.07, 0.89], BF = 0.819) were 
undistinguishable, AD patients outperformed VaD patients (βg = 0.33, 
95% ETI [0.12, 0.52], BF = 9.38). There was also moderate evidence 
from two studies with 152 patients for better performance of AD 
compared to sVaD on the Graphical Sequence Test (βg  = 0.82, 95% 
ETI [0.02, 1.47], BF = 3.11). Three studies with 413 patients using other 
measures of verbal working memory also provided anecdotal evidence 
for better performance of AD patients (βg  = 0.46, 95% ETI [0.04, 
0.80], BF = 2.66).

3.5. Visuo-spatial processing

We only found anecdotal evidence for worse performance of AD 
patients compared to VaD patients on the Judgment of Line 

Orientation Test (βg  = −0.96, 95% ETI [−1.83, 0.36], BF = 1.94). In 
fact, we found evidence against performance differences on the Rey 
Osterrieth Complex Figure Test (RCFT) – Copy (sVaD BF = 0.117, 
VaD BF = 0.086), WAIS: Block Design (sVaD BF = 0.241, VaD 
BF = 0.114), and the Clock Drawing Test (BF = 0.188; Figure 2).

3.6. Language production

For phonemic fluency, we  found better performances of AD 
patients compared to MID (βg  = 0.72, 95% ETI [0.06, 1.47], 
BF = 2.66) and sVaD patients (βg  = 0.51, 95% ETI [0.22, 0.77], 
BF = 42.36). Additionally, VaD patients outperformed sVaD patients 
(MDifference = 0.38, SD = 0.18, see Figure 3). For semantic fluency, the 
Boston Naming Test, and other measures of language production 
we  found no differences between AD and VaD subtypes (all 
BFs < 0.5).

3.7. Memory

Key results from the memory domain are represented in Figure 4, 
with full results available in Supplementary Table  21 of 
Supplementary Material 1. In verbal episodic memory, we  found 
strong evidence for better performances of sVaD patients in delayed 
recall of prose (βg  = −0.70, 95% ETI [−1.12, −0.27], BF = 13.11). 
There was also anecdotal evidence for VaD patients outperforming 
AD patients on these tasks (βg  = −0.42, 95% ETI [−0.87, −0.09], 
BF = 2.47). Similarly, sVaD (βg  = −0.64, 95% ETI [−0.88, −0.36], 
BF = 72.97) and VaD (βg  = −0.61, 95% ETI [−0.97, −0.26], 
BF = 22.71) patients have been shown to outperform AD patients in 
delayed recall of word lists. In delayed recall of word lists, we also 
found strong evidence for a moderating effect of the difference in 

TABLE 3 Results in domains showing the greatest differences between AD patients and VaD subtypes.

VaD 
Subtype

Domain k n
βg  [95% ETI]

Bayes 
factor τStudy

Newcastle-Ottawa scale

S C E

VaD Digit span backwards S, E, 7 225 0.33 [0.12, 0.52] 9.38 0.05 3 1 1

Delayed recall: Word list S, E 4 235 −0.61 [−0.97, −0.26] 22.71 0.18 3 0 1

Wechsler memory scale verbal 

recognition

2 85 −1.12 [−1.75, 0.04] 4.72 0.42 3 1 1

CERAD: Word list recognition 4 228 −0.92 [−1.38, −0.43] 19.21 0.27 3 1 1

Other measures of visual memoryS: 

Delayed recall

5 177 −0.85 [−1.29, −0.32] 13.67 0.18 3 1 1

Immediate visual associative memory 4 354 −1.01 [−1.49, −0.43] 20.02 0.25 3 1 1

sVaD Phonemic fluency S, E, A, G 17 1,460 0.51 [0.22, 0.77] 42.36 0.40 3 1 1

Basic ADLS, E, A, G 3 290 −1.73 [−3.63, 0.01] 4.14 1.92 3 0 1

Graphical sequence test 2 152 0.82 [0.02, 1.47] 3.11 0.36 3 0 1

Delayed recall: Prose 4 670 −0.70 [−1.12, −0.27] 13.11 0.30 3 1 1

Delayed recall: Word list S, E 7 805 −0.64 [−0.88, −0.36] 72.97 0.18 3 1 1

Discriminability in verbal memory 4 489 −0.76 [−1.26, −0.26] 11.50 0.28 3 0 1

Positive effect sizes denote better performance of AD groups and are marked in bold. VaD, Vascular dementia; sVaD, Subcortical vascular dementia. Domain superscripts denote moderators 
included in the analyses: differences in average dementia severity (S), years of education (E), age (A) and proportion of women (G). k, Number of studies; n, Number of patients; 95% ETI, 95% 
equal-tailed credible interval. Newcastle-Ottawa-Scale Subscales medians: Selection (S), Comparability (C), Exposure (E). ADL, Activities of daily living. τStudy ,  Standard deviation of 
random effects between studies. CERAD, Consortium to Establish a Registry for Alzheimer’s disease Test Battery.
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dementia severity (βg  = 0.36, 95% ETI [0.17, 0.56], BF = 11.48). In 
verbal recognition memory, sVaD patients have higher d’ (βg  = 
−0.76, 95% ETI [−1.26, −0.26], BF = 11.50). VaD patients also 
outperformed AD patients in verbal recognition memory measures 
from the CERAD test battery (βg  = −0.92, 95% ETI [−1.38, −0.43], 
BF = 19.21).

In meta-regressions on recall and recognition in visual episodic 
memory, we found strong evidence for worse performance of AD 
compared to VaD patients in immediate recall in visual associative 
memory (βg  = −1.01, 95% ETI [−1.49, −0.43], BF = 20.02) and in 
delayed recall of visual information (βg  = −0.85, 95% ETI [−1.29, 
−0.32], BF = 13.67). We  found no differences between AD and 
vascular dementia groups for delayed recall on two standard tests of 
visual episodic memory, the Rey-Osterrieth Complex Figure Test (βg  
= −0.26, 95% ETI [−0.84, 0.31], BF = 0.369) and the Wechsler Memory 
Scale: (βg  = −0.32, 95% ETI [−0.79, 0.17], BF = 0.552).

Finally, we also found moderate evidence for better performance 
of VaD patients in semantic memory measures including tasks such 
as a famous faces test, word-picture matching, word definitions, a 
picture sorting test, and a stem completion priming task (four studies, 
n = 179, βg  = −0.79, 95% ETI [−1.47, −0.09], BF = 3.85).

3.8. Other domains

No differences were found in measures of global functioning, 
orientation to time and space, disease awareness, depression, state and 
trait anxiety, other BPSD, intelligence measures, processing speed, 
language comprehension, reading, reasoning abilities, and ADL.

3.9. Results of individual studies and risk of 
bias assessment results

Overall, the risk of bias assessment shows that most studies used 
adequate case definitions. Most studies failed to match the dementia 
groups in the study design on relevant characteristics or to include 
these confounders as moderators in the analyses. Furthermore, most 
studies did not report the non-response rate or have not described 
the non-responders. The greatest limitations of the existing studies 
thus are the comparability of dementia groups especially on 
dementia severity, but also premorbid intelligence, education, age, 
and gender ratios. More information regarding the exact selection 
process of participants should also have been reported. The 

FIGURE 2

Plot showing fixed effects coefficients with their respective 95% ETI for different types of vascular dementias as compared to AD for different tests of: 
(A) Attention and (B) Executive Functioning. AD patient groups performed better than VaD patients only in digit span tasks (WMS and other digit span 
tests). Importantly, there are no differences in respect to other VaD subgroups. WMS = Wechsler Memory Scale.
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FIGURE 3

Plot showing fixed effects coefficients with their respective 95% ETI for language production measures. Whereas there are no differences in 
performances on semantic fluency measures, we see a clear advantage of AD patients in phonemic fluency when compared to multi-infarct dementia 
(MID) and subcortical vascular dementia (sVaD).

FIGURE 4

Plots showing fixed effects coefficients with their respective 95% ETI for (A) delayed recall of verbal and visual material as well as for (B) recognition 
memory. d’ measures imply a cortical–subcortical division between dementia forms, with similarly impaired performances of VaD and AD and 
significantly better performances of subcortical VaD (sVaD) patients in verbal recognition memory tasks. WMS, Wechsler Memory Scale; CERAD, 
Consortium to Establish a Registry for Alzheimer’s disease.
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Newcastle-Ottawa-Scale ratings and the inspection of funnel plots 
however indicated no strong selective reporting tendencies.

3.10. Sensitivity analyses of prior 
distribution choice

The results of these sensitivity analyses are presented graphically 
in Supplementary Material 3. While most prior settings had no 
meaningful influence on the estimated regression coefficients and 
dispersions, the inverse gamma priors did allow for higher variability 
estimates. These were however not significantly different from τ 
estimates based on other priors, as there was still considerable overlap 
between confidence intervals. All in all, the results and their 
interpretations remain unchanged regardless of the prior choice.

3.11. Sensitivity analyses to quality of 
studies

Excluding studies with low NOS ratings did not change the patterns 
of results for ADL (Supplementary Table 3 in Supplementary Material 1), 
Depression and Anxiety severity (Supplementary Table  6 in 
Supplementary Material 1), severity of Neuropsychiatric Symptoms 
(Supplementary Table  5, p.  11  in Supplementary Material 1), 
Constructional Praxis (Supplementary Table  7 in 
Supplementary Material 1), Digit Span Forward 
(Supplementary Material 1, p. 20), Digit Span Backward, Visual Working 
Memory or Cognitive Flexibility (Supplementary Table  16 in 
Supplementary Material 1). The analysis for delayed recall of verbal 
material showed no difference between AD and VaD groups (βg = −0.01, 
95% ETI [−0.66, 0.67], BF = 0.421), which does differ from the results 
obtained in the main analyses. This is however most likely due to reduced 
statistical power since the sensitivity analysis included only two studies 
and thus did not allow controlling for confounding effects of differences 
in dementia severity and years of education as in the main analyses.

4. Discussion

We performed a systematic review and a quantitative synthesis of 
the findings on the utility of cognitive, functional and BPSD 
diagnostic instruments in the process of differential diagnostics of AD 
and VaD. We quantified the strength of evidence for individual tests 
and domains using Bayesian meta-regressions. In extending the 
existing reviews and meta-analyses, we not only included new studies, 
but also compared AD to several VaD subtypes in an attempt to draw 
a more differentiated picture of diagnostic issues in research and 
clinical practice (Almkvist, 1994; Looi and Sachdev, 1999; Oosterman 
and Scherder, 2006; Mathias and Burke, 2009). Our findings from the 
systematic review and meta-regressions identify similar patterns of 
cognitive impairment and suggest worse performance of AD patients 
on measures of episodic and semantic memory. On the other hand, 
the narrative review implies greater impairment of executive 
functioning in VaD, such as working memory, set-maintenance, 
response inhibition, conceptualization, and planning. Yet, our meta-
regressions only support worse performances of VaD patients in 
verbal working memory and letter fluency. Importantly, we also found 

evidence for differences between VaD subtypes, which underlines the 
importance of accounting for the etiology of cerebrovascular 
pathology in clinical praxis and research.

4.1. AD patients are superior in verbal 
working memory and other executive 
functions

We found that AD outperform VaD patients in verbal working 
memory tasks such as the WAIS digit span backward task. AD patients 
also produced more words beginning with a certain letter in 
phonematic fluency tasks, e.g., the Controlled Word Association Test, 
when compared to MID (BF = 2.66) and sVaD (BF = 42.36) patients. 
However, we found moderate evidence for no difference between AD 
and VaD (BF = 0,109).

These findings imply the relative preservation of information 
maintenance and simultaneous application or manipulation of the 
contents of the working memory in AD, when compared to MID and 
sVaD. Our results are also in line with previous reports, that the 
acquisition of a task set is difficult for AD patients, but its maintenance 
and application are relatively preserved so that AD patients can 
produce more words or are able to reverse the order of a longer 
number sequence than VaD patients (Lamar et al., 2002). Indeed, 
phonemic fluency can be seen as requiring a number of executive 
processes such as initiating and maintaining a set, short-term 
memory, organizational strategies and cognitive flexibility as well as 
the inhibition of incorrect responses (Poore et al., 2006). On the level 
of neural processing, these results suggest greater impairment of 
frontal-striatal-thalamic circuits in MID and sVaD (Alexander et al., 
1986; Frank et al., 2001; O’Reilly and Frank, 2006; Hazy et al., 2007).

4.2. AD patients display greater impairment 
of memory function

On the contrary VaD patients outperformed AD patients in verbal 
episodic memory tests, in which patients had to recall a list of words 
(e.g., AVLT) or a paragraph of text (e.g., WMS: Logical Memory). AD 
also displayed increased forgetting of word lists and paragraphs. 
Likewise, sVaD patients outperformed AD patients in recall of word 
lists. VaD and sVaD groups also outperformed AD patients in visual 
associative memory measures such as a location memory test, WMS: 
visual paired association, a placing test, the visual association memory 
test, and a location learning test. sVaD patients also outperformed AD 
patients in the delayed recall of visual information [e.g., RCFT, The 
Doors and People Test, Test of Classification and Recall of Pictures, 
WMS-III, NEUROPSI (Ostrosky et al., 1999—Figure Recall]. In verbal 
recognition memory, sVaD patients also outperform AD patients on a 
broad set of tests (such as the California Verbal Learning Test, Ray’s 
Auditory Verbal Learning Test, CERAD cognitive test battery, Free and 
Cued Selective Reminding Test, WMS, and The Doors and People 
Test). In sum, we found moderate to very strong evidence for better 
performance of sVaD and VaD patients in episodic memory tests.

The difference in episodic memory impairment between AD and 
vascular dementias also grows larger in the course of the disease (Smits 
et al., 2015). Deficits on these memory measures point to deficits in 
encoding (Stamate et al., 2020), recall and retention of verbal and 
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visual information (Larrabee et  al., 1993; Kramer et  al., 2004; 
Hildebrandt et al., 2009; Peña-Casanova et al., 2012). These deficits 
also imply impairments of the processes of pattern separation and 
completion in the hippocampus (McClelland et al., 1995; O’Reilly and 
Rudy, 2000; Healey et al., 2016; Rolls, 2016, 2021) and are in line with 
the known pattern of cerebral pathology in AD reviewed in Section 1.1 
(Braak and Braak, 1991; Carlesimo et al., 1993). For example, it has 
been suggested that the observed liberal bias in recognition memory 
tasks in AD patients results from the accumulation of amyloid 
β-plaques in the limbic system, which lead to lower specificity of 
neural responses to external stimuli when encoding new information 
(Hildebrandt et al., 2009; Biesbroek et al., 2015). Criterion adaptation 
in recognition memory on the other hand involves the striatum and 
frontal regions (Kuchinke et al., 2011; Biesbroek et al., 2015), both of 
which are also affected by Alzheimer’s pathology (Thal et al., 2002).

4.3. Influence of VaD and AD subtypes

The differences in recognition accuracy in verbal recognition 
memory and to some extent letter fluency (see above) also divide cortical 
from subcortical pathologies (Vanderploeg et  al., 2001). This would 
suggest that pathologies involving the cortex lead to impaired memory 
representations (Rolls, 2018), whereas sVaD patients have recall deficits, 
presumably due to white matter lesions affecting white matter tracts 
subserving “frontal” functioning, including memory recall (Squire, 1992; 
Ward, 2003; Jeneson and Squire, 2012; Biesbroek et al., 2017; Richter 
et al., 2017; Alber et al., 2019). Compared to free recall, recognition tasks 
reduce the demands on recall and in turn lead to an improved 
performance. On the contrary, due to the degradation of the to-be-
remembered stimuli in cortical pathologies even the repeated 
presentation of the stimulus does not enable the successful discrimination 
of learned from new items (Weigard et  al., 2020). The cortical vs. 
subcortical division of dementias, is an important issue for future 
research, as it suggests that brain areas affected by cortical atrophy, altered 
metabolism and brain lesions might be more relevant than the etiology 
of dementia in determining the cognitive profile and course of the disease 
(Sachdev et al., 2014; Dronse et al., 2016; ten Kate et al., 2018). Indeed, a 
direct comparison of subcortical and cortical pathologies, based on the 
data from Vanderploeg et  al. (2001) for example, offers anecdotal 
evidence for inferior performance of patients with cortical VaD (n = 12) 
compared to patients with sVaD (n = 16) on the discriminability measure 
from the CERAD recognition memory test [t(17) = −2.23, BF = 2.08, 
d = −0.66 95% CI [−1.45, 0.04]]. That is, VaD patients have a potentially 
lesser ability to discriminate between old and new items due to a smaller 
difference between the means of the memory and noise distributions 
(Snodgrass and Corwin, 1988; Stanislaw and Todorov, 1999). These 
results underscore the importance of accounting for the studied VaD 
subtypes and also stress the need for future studies to account for AD 
phenotypes—such as posterior cortical atrophy or fronto-temporal 
variant of AD (Murray et al., 2011; Noh et al., 2014; Dong et al., 2016; ten 
Kate et al., 2018)—when investigating differences between AD and VaD.

4.4. Visuo-spatial processing is less 
impaired in VaD

Vascular dementia patients also outperformed AD patients in 
visuo-spatial processing including tasks such as the Visuo-Spatial 

Perception Battery, Line Bisection, Judgment of Line Orientation, 
Hooper’s Test, Overlapping Figures, and WAIS: Picture Completion 
and the Battery for Visuospatial Abilities. In sum, problems with 
spatial representation and transformation provide anecdotal to 
moderate evidence for the presence of AD and the parietal 
hypometabolism and parietal pathologies present in AD (Engel et al., 
1993; Almkvist, 1994; Looi and Sachdev, 1999; Bischof et al., 2016; 
Dronse et al., 2016; ten Kate et al., 2018).

4.5. No support for differences in other 
domains and measures

In partial disagreement with DSM V and ICD 10/11 and 
guidelines for differential diagnoses (Hachinski et al., 2006; Skrobot 
et al., 2018), we found anecdotal to moderate evidence for comparable 
performances of AD and VaD on measures of processing speed, 
reasoning, simple and complex attention as well as on BPSD 
measures. Our findings thus call for caution when these measures are 
used to distinguish the two dementia forms as their discriminatory 
ability appears to be not as strong as previously believed. The high 
uncertainty of the results for the measures of basic ADL precludes 
any conclusions about the differences regarding the ability to master 
basic ADL.

4.6. Our findings in the context of previous 
reviews

Like previous reviews (Looi and Sachdev, 1999; Oosterman and 
Scherder, 2006; Mathias and Burke, 2009, but see Almkvist, 1994), 
we identified tests which can help neuropsychologists make informed 
contributions to the process of differential diagnosis of AD and 
VaD. While we find support for differences in aspects of executive 
functioning (digit span backward, phonemic fluency) and episodic 
memory, we depart from the specific tests proposed by Looi and 
Sachdev (1999) and Oosterman and Scherder (2006). By conducting 
meta-regressions and including moderator variables in our analyses, 
we  even found evidence for no difference in tests such as the 
Wisconsin Card Sorting Test. Among memory tests, we  found 
evidence for differences not only in delayed recall and recognition of 
verbal material, but also evidence for worse performance of AD 
patients on tests of associative and visual memory. Our results thus 
expand the toolbox of tests which may help neuropsychologists 
distinguish AD and VaD. We also showed that sVaD and VaD display 
distinct differences when compared with AD on cognitive measures 
(cf. Oosterman and Schreder, 2006). Whereas VaD patients 
performed worse on the digit span backward test, a measure of verbal 
working memory, sVaD patients performed worse on measures of 
cognitive flexibility and phonemic fluency. Moreover, by including 
demographic variables and dementia severity as predictors in many 
meta-regressions, we  were able to statistically control for their 
influence on the estimated differences between the dementia 
subtypes. While we included demographic and clinical variables such 
as gender, age, education and severity of dementia, factors such as 
time since diagnosis or diagnostic criteria were not considered in the 
analyses. The effects of diagnostic criteria and disease duration on 
differences in cognitive and functional impairment therefore remain 
questions for future research.
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4.7. Implications for the clinical praxis

To obtain a cognitive profile with differential diagnostic utility, 
Hayden et al. (2005) for example suggested that neuropsychologists 
should use tasks requiring flexible behavior, response inhibition and 
sensorimotor integration to assess executive functioning and tasks 
with high encoding (prose recall) and consolidation (delayed recall) 
demands. Further, they suggest including a recognition memory task, 
because VaD patients perform better in recognition memory than in 
free recall due to reduced recall demands. Given the fact that 
recognition memory also includes executive processes, tests that allow 
to disentangle criterion setting, episodic memory, and stored long-
term memory information should be helpful (Hofmann et al., 2011; 
Kuchinke et al., 2011; Hofmann and Jacobs, 2014). Results of our 
meta-regressions also advocate the inclusion of visual memory and 
associative memory tests. In the assessment of executive functioning, 
phonemic fluency and digit span appear to be  superior to tasks 
involving motor responses, cognitive flexibility, and response 
inhibition. An example examination could thus include the following: 
WAIS Digit Span, RAVLT, RCFT, COWAT, immediate recall from a 
visual associative memory test. Of course, other tests should 
be included according to the demands of the idiosyncrasy of individual 
patient’s cognitive complaints.

5. Outlook

Our findings suggest the ability of established cognitive measures 
to differentiate AD from VaD on a group level, yet their utility in 
distinguishing between AD and VaD subtypes in individual patients 
remains very limited as all effect sizes’ magnitude was inside the region 
of practical equivalence. These are nonetheless promising results which 
should motivate future work by drawing the focus on specific cognitive 
processes involved in tasks such as digit span backward, phonemic 
fluency, delayed recall, or associative and recognition memory. Our 
findings underscore the need for the development of new diagnostic 
instruments and new scoring systems, which better measure specific 
cognitive processes (Batchelder et al., 1997; Chosak Reiter, 2000; Davis 
et  al., 2002; Todorova et  al., 2020). For example, detailed scoring 
methods deepened the understanding of impaired performances on 
the Boston Naming Test (Bayles and Tomoeda, 1983; Laine et al., 1997; 
Lukatela et al., 1998; Chosak Reiter, 2000) and word fluency tasks 
(Clark et  al., 2014a,b, 2016; Pakhomov et  al., 2016). The resulting 
improved validity and reduced measurement error could thus lead to 
the identification of cognitive processes, which are differentially 
impaired in VaD and AD. Finally, they should lead to a consolidation 
of the verbal theoretical models of cognitive function in both 
dementias. Furthermore, set acquisition and maintenance are two 
abilities, which need to be investigated more thoroughly and more 
often in differential diagnoses. Measures of semantic dedifferentiation 
which are as free as possible of cultural and educational bias are also 
needed. Finally, the information provided by such measures would also 
have important implications for patients and their caregivers. Due to a 
more complete description of each patient’s strengths and weaknesses 
they could better inform treatment strategies, potential therapies and 
coping strategies of patients and caregivers.

Further, formulating and transferring mechanistic models of 
memory functioning (Hofmann and Jacobs, 2014; Cox and Shiffrin, 

2017; Kahana, 2020) or decision-making (Ratcliff and Smith, 2004; 
Tillman et al., 2020; Weigard et al., 2020) into clinical praxis would 
address the lack of such models in the research on AD and VaD, which 
we  identified in the introduction. Such models are especially 
promising, since they can assess patients’ performance at the level of 
cognitive constructs of interest such as speed of processing, quality of 
neural input, contributions of semantic and episodic memory to free 
recall, and criterion setting in recognition memory and attentional or 
perceptual task. For instance, response bias may be manipulated by 
constructing recognition memory tasks consisting of sub-blocks 
containing 80 vs. 60 vs. 40% “old” items to examine conditions 
inducing a liberal vs. conservative response bias. At the level of 
cognitive constructs, cognitive architectures such as ACT-R (Ritter 
et  al., 2019) offer an as of yet unexhausted potential for explicit 
modeling of impaired cognitive processes and their interactions as 
observed in VaD and AD patients.

The second, yet not necessarily independent, avenue is using 
knowledge of functional and structural neuroanatomy as well as brain 
inspired computational principles in the development of new 
explanatory models (Shuttleworth and Huber, 1989; O’Reilly and 
McClelland, 1994; O’Reilly and Rudy, 2000; Rolls, 2016, 2021), clinical 
measures, scoring techniques and even individualized assessments 
(Schroeter et al., 2020) which account for the heterogeneity of both 
AD and VaD subtypes. Incorporating these information sources 
would thus address the underspecified nature of existing measures. 
Development of these new approaches can rely on databases such as 
Neurosynth2 or NeuroVault.3 The importance of firm neuroanatomical 
basis of cognitive measures is exemplified by reports suggesting that 
memory tests recommended for the diagnosis of AD (Costa et al., 
2017) may actually lack specificity for the disease as they may be more 
sensitive to memory dysfunctions associated with late hippocampal 
stages rather than the earliest, stages of the disease, when 
neurofibrillary tangles are present in the entorhinal cortex, the CA1, 
basal forebrain, and the antero-dorsal thalamic nucleus (Braak and 
Braak, 1991; Thal et al., 2002, 2008; Jonin et al., 2019; Richter et al., 
2020). A relatively new cognitive measure putatively relying on these 
brain structures is the conjunctive binding task (Della Sala et al., 2012) 
which shows promise in discriminating AD from other primary 
dementias. Other tasks, for example testing the theory that Aβ-plaques 
lead to reduced quality of neural representations, which lead to a 
positive bias in recognition memory (Hildebrandt et al., 2009) by 
assessing response bias for example by manipulating semantic 
associations between words or visual similarity of items etc., should 
also be  developed (e.g., Hofmann and Jacobs, 2014). With 
deterministic simulations of episodic memory signals, response 
criterion setting may even be  directly estimated from the data 
(Hofmann et al., 2011; Kuchinke et al., 2011; Pooley et al., 2011; Starns 
et al., 2013). For this endeavor, tasks manipulating criterion adaptation 
in (executive and) memory tasks are needed, to establish domain 
specific biases in cognitive processing (Mendez et al., 1997; Yuspeh 
et  al., 2002). Moreover, the interactivity of different levels of 
representation can be  directly tested in functional connectivity 
analyses (Roelke and Hofmann, 2020). Informing and enriching the 

2 https://neurosynth.org/

3 https://neurovault.org/
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development of such tasks by neuroanatomical knowledge will only 
lead to a higher quality of diagnostic instruments (Palestro et al., 2018).

On the other hand, there are studies showing the utility of reading 
the brain-behavior correlation in reverse (Price et al., 2005, 2012, 
2015). Authors following this approach first use a statistical grouping 
technique (e.g., k-means clustering) to define groups based on their 
performance on neuropsychological tests or composite measures. 
Then, group differences on neuroradiological measures are 
investigated. In this manner, a connection between neuroradiological 
characteristics and cognitive phenotype can be established. Using such 
an approach in a mixed AD and VaD sample, Price et  al. (2015) 
identified three phenotypes of cognitive impairment: amnestic (34 AD 
and 7 VaD patients), multi-domain (14 AD and 12 VaD patients) and 
dysexecutive (5 AD and 21 VaD patients). The comparison of these 
groups on neuroradiological measures showed higher white matter 
lesion volumes in the dysexecutive and multi-domain phenotypes and 
lower hippocampal volume in multi-domain and amnestic groups, 
when compared to the dysexecutive phenotype. The implication of 
this research is that AD and VaD should be thought of as two entities 
from a clinical and pathological spectrum (Emrani et al., 2020).

Both approaches, neuroanatomy first and cognition first, can 
be brought together in the framework of joint modeling of neural and 
cognitive processes (Forstmann and Wagenmakers, 2015; Palestro 
et al., 2018) that we mentioned already in the introduction. Future 
studies in differential diagnosis of AD and VaD, as all studies aspiring 
to elucidate brain-behavior relations in neurocognitive disorders, 
should try to formulate a neurocognitive model, which simultaneously 
and interactively models the relationship between neuroanatomy and 
cognitive performance.

6. Limitations

The limitations of our meta-analyses can be divided in at least 
two categories. First, we only included studies which provided a 
minimal, satisfactory description of included patients. This led to 
the exclusion of many studies conducted in this field and led to a 
large variation in the number of studies per domain—ranging from 
two studies (e.g., disease awareness) to 36 studies in verbal fluency. 
Therefore, the power to detect a meaningful difference varied across 
domains thereby limiting the confidence in our conclusions of no 
reliable differences between AD and VaD. Regretfully, most included 
studies still failed to assure comparability of their cohorts. Thus, as 
shown by our sensitivity analyses, the results of meta-regressions 
should be interpreted with caution, whenever we could not control 
for the differences in dementia severity, average age, years of 
education, and proportion of women. We could also not consider 
moderators such as disease duration, depression scores, premorbid 
intelligence, measures of brain atrophy, or white matter lesions 
volume since they were too rarely reported. Further, we could not 
assess the influence of variables such as sampling method, diagnostic 
procedure, and population type, all of which are important and 
relevant variables when investigating differences in patterns of 
cognitive impairment between AD and VaD. A referral bias—with 
patients presenting mostly because of memory complaints–is also 
an issue since it reduces the ability of studies to characterize VaD 
specific cognitive impairments (Corey-Bloom et al., 1993). Lastly, 
the unknown locations and spatial distributions of stroke lesions in 

VaD and MID groups as well as the likely inclusion of mixed 
dementia patients in both the AD and VaD groups can also have a 
significant impact on the profile of cognitive impairments and thus 
on the magnitude and variance of the observed effect size.

Other limitations stem from our decision on data extraction and 
synthesis. First, the pooling of cognitive performances in studies 
which divided the sample according to disease severity can distort the 
differences in cognitive measures. Second, a severe limitation of our 
approach is that we could only calculate the utility of single cognitive 
measures to differentiate AD from VaD subtypes, whereas clinical 
decisions are made based on medical information and a full cognitive 
profile with relative levels of impairment within a given patient. Since 
only one study shared the single case data, no analyses investigating 
individual cognitive profiles were possible. Further, new or rarely used 
tests had to be analyzed as representing a certain domain or a group 
of tests denoted as “other.” This inevitably leads to the apples and 
oranges problem, i.e., comparing tests which might not assess the 
same aspects of the selected domain. Finally, there are also other 
important differential diagnoses such as cognitive impairment in 
affective and psychiatric disorders as well as other causes of dementia, 
which we did not consider here.

7. Conclusion

We found only partial support for the typical cognitive 
impairments as described in the DSM-V, the ICD-11 and in the 
guidelines on the differential diagnoses. Our results show strong 
support for better performance of patients with vascular dementia on 
episodic and semantic memory tests as well as evidence for better 
performance of AD patients on two measures of executive functioning: 
digit span backward and phonemic fluency. On the contrary, we found 
no or only weak support for differences in attention, processing speed, 
reasoning, apraxia, or motor impairment. In clinical, praxis cognitive 
testing should continue to be complemented by brain imaging, CSF 
markers, and caregiver reports to reach a differential diagnosis. On the 
other hand, neuropsychological research must develop new theoretical 
and mechanistic, computational models of dementia subtypes, which 
are based on neuroanatomical findings and are able to reproduce 
qualitative and quantitative patterns of impaired cognitive processes in 
various forms of dementia as well as of normal functioning in 
older adults.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

LS: Writing – original draft, Writing – review & editing, 
Conceptualization, Formal analysis, Methodology, Visualization, 
Investigation. MH: Writing – review & editing, Supervision. NM: Data 
curation, Investigation, Validation, Writing – review & editing. JK: 
Writing – review & editing, Supervision.

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 19 frontiersin.org

Funding

The author(s) declare that no financial support was received 
for the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank Theresa Kraft, Nora Nevries, 
Rebecca Schiemann, and especially Wantong Li for their help 
searching for studies and creating the data set.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnagi.2023.1267434/
full#supplementary-material

References
Aita, S. L., Beach, J. D., Taylor, S. E., Borgogna, N. C., Harrell, M. N., and Hill, B. D. 

(2019). Executive, language, or both? An examination of the construct validity of verbal 
fluency measures. Appl. Neuropsychol. Adult 26, 441–451. doi: 
10.1080/23279095.2018.1439830

Aitken, L., Simpson, S., and Burns, A. (1999). Personality change in dementia. Int. 
Psychogeriatr. 11:9.

Alber, J., Alladi, S., Bae, H.-J., Barton, D. A., Beckett, L. A., Bell, J. M., et al. (2019). 
White matter hyperintensities in vascular contributions to cognitive impairment and 
dementia (VCID): knowledge gaps and opportunities. Alzheimers Dement. 5, 107–117. 
doi: 10.1016/j.trci.2019.02.001

Alexander, G. E., DeLong, M. R., and Strick, P. L. (1986). Parallel organization of 
functionally segregated circuits linking basal ganglia and cortex. Annu. Rev. Neurosci. 9, 
357–381. doi: 10.1146/annurev.ne.09.030186.002041

Almkvist, O. (1994). Neuropsychological deficits in vascular dementia in relation to 
Alzheimer’s disease: reviewing evidence for functional similarity or divergence. 
Dementia 5, 203–209. doi: 10.1159/000106724

Almkvist, O., Bäckman, L., Basun, H., and Wahlund, L. O. (1993). Patterns of 
neuropsychological performance in Alzheimer’s disease and vascular dementia. Cortex 
29, 661–673. doi: 10.1016/s0010-9452(13)80289-4

Almkvist, O., Fratiglioni, L., Agüero-Torres, H., Viitanen, M., and Bäckman, L. (1999). 
Cognitive support at episodic encoding and retrieval: similar patterns of utilization in 
community-based samples of Alzheimer’s disease and vascular dementia patients. J. 
Clin. Exp. Neuropsychol. 21, 816–830. doi: 10.1076/jcen.21.6.816.862

American Psychiatric Association (2013). “Neurocognitive disorders” in Diagnostic 
and Statistical Manual of Mental Disorders DSM Library. eds. c (Arlington: American 
Psychiatric Association)

Anor, C. J., O’Connor, S., Saund, A., Tang-Wai, D. F., Keren, R., and Tartaglia, M. C. 
(2017). Neuropsychiatric symptoms in Alzheimer disease, vascular dementia, and mixed 
dementia. Neurodegener. Dis. 17, 127–134. doi: 10.1159/000455127

Arnaoutoglou, N. A., Arnaoutoglou, M., Nemtsas, P., Costa, V., Baloyannis, S. J., and 
Ebmeier, K. P. (2017). Color perception differentiates Alzheimer’s disease (AD) from 
vascular dementia (VaD) patients. Int. Psychogeriatr. 29, 1355–1361. doi: 10.1017/
S1041610217000096

Attems, J., and Jellinger, K. A. (2014). The overlap between vascular disease and 
Alzheimer’s disease—lessons from pathology. BMC Med. 12:206. doi: 10.1186/
s12916-014-0206-2

Baillon, S., Muhommad, S., Marudkar, M., Suribhatla, S., Dennis, M., Spreadbury, C., 
et al. (2003). Neuropsychological performance in Alzheimer’s disease and vascular 
dementia: comparisons in a memory clinic population. Int. J. Geriatr. Psychiatry 18, 
602–628. doi: 10.1002/gps.887

Baldy-Moulinier, M., Valmier, J., Touchon, J., Rondouin, G., and Brun, M. (1986). 
Clinical and neuropsychological rating scales for differential diagnosis of dementias. 
Gerontology 32, 89–97. doi: 10.1159/000212836

Barr, A., Benedict, R., Tune, L., and Brandt, J. (1992). Neuropsychological 
differentiation of Alzheimer’s disease from vascular dementia. Int. J. Geriatr. Psychiatry 
7, 621–627. doi: 10.1002/gps.930070903

Barr, A., and Brandt, J. (1996). Word-list generation deficits in dementia. J. Clin. Exp. 
Neuropsychol. 18, 810–822. doi: 10.1080/01688639608408304

Batchelder, W. H., Chosak-Reiter, J., Shankle, W. R., and Dick, M. B. (1997). A 
multinomial modeling analysis of memory deficits in Alzheimer’s disease and vascular 
dementia. J. Gerontol. B Psychol. Sci. Soc. Sci. 52, P206–P215. doi: 10.1093/
geronb/52b.5.p206

Bayles, K. A., and Tomoeda, C. K. (1983). Confrontation naming impairment in 
dementia. Brain Lang. 19, 98–114. doi: 10.1016/0093-934x(83)90057-3

Beatty, W. W., English, S., and Winn, P. (1998). Long-lived picture priming in normal 
elderly persons and demented patients. J. Int. Neuropsychol. Soc. 4, 336–341.

Becker, S., and Lim, J. (2003). A computational model of prefrontal control in free 
recall: strategic memory use in the California verbal learning task. J. Cogn. Neurosci. 15, 
821–832. doi: 10.1162/089892903322370744

Behl, P., Bocti, C., Swartz, R. H., Gao, F., Sahlas, D. J., Lanctot, K. L., et al. (2007). 
Strategic subcortical hyperintensities in cholinergic pathways and executive function 
decline in treated Alzheimer patients. Arch. Neurol. 64, 266–272. doi: 10.1001/
archneur.64.2.266

Bentham, P. W., Jones, S., and Hodges, J. R. (1997). A comparison of semantic memory 
in vascular dementia and dementia of alzheimer’s type. Int. J. Geriatr. Psychiatry 12, 
575–580. doi: 10.1002/(sici)1099-1166(199705)12:5<575::aid-gps566>3.0.co;2-n

Bernard, B. A., Wilson, R. S., Gilley, D. W., Bennett, D. A., Fox, J. H., and Waters, W. F. 
(1992). Memory failure in binswanger’s disease and alzheimer’s disease. Clin. 
Neuropsychol. 6, 230–240. doi: 10.1080/13854049208401857

Biel, D., Brendel, M., Rubinski, A., Buerger, K., Janowitz, D., Dichgans, M., et al. 
(2021). Tau-PET and in vivo Braak-staging as prognostic markers of future cognitive 
decline in cognitively normal to demented individuals. Alzheimers Res. Ther. 13:137. doi: 
10.1186/s13195-021-00880-x

Biesbroek, J. M., van Zandvoort, M. J. E., Kappelle, L. J., Schoo, L., Kuijf, H. J., 
Velthuis, B. K., et al. (2015). Distinct anatomical correlates of discriminability and 
criterion setting in verbal recognition memory revealed by lesion-symptom mapping. 
Hum. Brain Mapp. 36, 1292–1303. doi: 10.1002/hbm.22702

Biesbroek, J. M., Weaver, N. A., and Biessels, G. J. (2017). Lesion location and cognitive 
impact of cerebral small vessel disease. Clin. Sci. 131, 715–728. doi: 10.1042/CS20160452

Bischof, G. N., Jessen, F., Fliessbach, K., Dronse, J., Hammes, J., Neumaier, B., et al. 
(2016). Impact of tau and amyloid burden on glucose metabolism in Alzheimer’s disease. 
Ann. Clin. Transl. Neurol. 3, 934–939. doi: 10.1002/acn3.339

Borenstein, M. ed. (2009). Introduction to Meta-Analysis. Chichester, U.K: John Wiley 
& Sons

Boutoleau-Bretonnière, C., Lebouvier, T., Delaroche, O., Lamy, E., Evrard, C., 
Charriau, T., et al. (2012). Value of neuropsychological testing, imaging, and CSF 
biomarkers for the differential diagnosis and prognosis of clinically ambiguous 
dementia. JAD 28, 323–336. doi: 10.3233/JAD-2011-110761

Bowler, J. V., Eliasziw, M., Steenhuis, R., Munoz, D. G., Fry, R., Merskey, H., et al. 
(1997). Comparative evolution of Alzheimer disease, vascular dementia, and mixed 
dementia. Arch. Neurol. 54, 697–703. doi: 10.1001/archneur.1997.00550180021007

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1267434/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1267434/full#supplementary-material
https://doi.org/10.1080/23279095.2018.1439830
https://doi.org/10.1016/j.trci.2019.02.001
https://doi.org/10.1146/annurev.ne.09.030186.002041
https://doi.org/10.1159/000106724
https://doi.org/10.1016/s0010-9452(13)80289-4
https://doi.org/10.1076/jcen.21.6.816.862
https://doi.org/10.1159/000455127
https://doi.org/10.1017/S1041610217000096
https://doi.org/10.1017/S1041610217000096
https://doi.org/10.1186/s12916-014-0206-2
https://doi.org/10.1186/s12916-014-0206-2
https://doi.org/10.1002/gps.887
https://doi.org/10.1159/000212836
https://doi.org/10.1002/gps.930070903
https://doi.org/10.1080/01688639608408304
https://doi.org/10.1093/geronb/52b.5.p206
https://doi.org/10.1093/geronb/52b.5.p206
https://doi.org/10.1016/0093-934x(83)90057-3
https://doi.org/10.1162/089892903322370744
https://doi.org/10.1001/archneur.64.2.266
https://doi.org/10.1001/archneur.64.2.266
https://doi.org/10.1002/(sici)1099-1166(199705)12:5<575::aid-gps566>3.0.co;2-n
https://doi.org/10.1080/13854049208401857
https://doi.org/10.1186/s13195-021-00880-x
https://doi.org/10.1002/hbm.22702
https://doi.org/10.1042/CS20160452
https://doi.org/10.1002/acn3.339
https://doi.org/10.3233/JAD-2011-110761
https://doi.org/10.1001/archneur.1997.00550180021007


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 20 frontiersin.org

Boyle, P. A., Yu, L., Wilson, R. S., Leurgans, S. E., Schneider, J. A., and Bennett, D. A. 
(2018). Person-specific contribution of neuropathologies to cognitive loss in old age. 
Ann. Neurol. 83, 74–83. doi: 10.1002/ana.25123

Braak, H., and Braak, E. (1991). Neuropathological stageing of Alzheimer-related 
changes. Acta Neuropathol. 82, 239–259. doi: 10.1007/BF00308809

Braaten, A. J., Parsons, T. D., McCue, R., Sellers, A., and Burns, W. J. (2006). 
Neurocognitive differential diagnosis of dementing diseases: Alzheimer’s dementia, 
vascular dementia, frontotemporal dementia, and major depressive disorder. Int. J. 
Neurosci. 116, 1271–1293. doi: 10.1080/00207450600920928

Brodaty, H., Woodward, M., Boundy, K., Ames, D., and Balshaw, R. (2011). Patients 
in Australian memory clinics: baseline characteristics and predictors of decline at six 
months. Int. Psychogeriatr. 23, 1086–1096. doi: 10.1017/S1041610211000688

Brunnström, H., Gustafson, L., Passant, U., and Englund, E. (2009). Prevalence of 
dementia subtypes: a 30-year retrospective survey of neuropathological reports. Arch. 
Gerontol. Geriatr. 49, 146–149. doi: 10.1016/j.archger.2008.06.005

Bruun, M., Rhodius-Meester, H. F. M., Koikkalainen, J., Baroni, M., Gjerum, L., 
Lemstra, A. W., et al. (2018). Evaluating combinations of diagnostic tests to discriminate 
different dementia types. Alzheimer’s Dement. Diagnos. Assess. Dis. Monitor. 10, 509–518. 
doi: 10.1016/j.dadm.2018.07.003

Buerkner, P.-C. (2017). Brms: an R package for Bayesian multilevel models using Stan. 
J. Stat. Softw. 80, 1–28. doi: 10.18637/jss.v080

Bürkner, P. C. (2018). Advanced Bayesian multilevel modeling with the R package 
brms. R J. 10, 395–411. doi: 10.32614/rj-2018-017

Camerino, I., Sierpowska, J., Reid, A., Meyer, N. H., Tuladhar, A. M., Kessels, R. P. C., 
et al. (2021). White matter hyperintensities at critical crossroads for executive function 
and verbal abilities in small vessel disease. Hum. Brain Mapp. 42, 993–1002. doi: 
10.1002/hbm.25273

Cannatà, A. P., Alberoni, M., Franceschi, M., and Mariani, C. (2002). Frontal 
impairment in subcortical ischemic vascular dementia in comparison to 
Alzheimer’s disease. Dement. Geriatr. Cogn. Disord. 13, 101–111. doi: 
10.1159/000048641

Carew, T. G., Lamar, M., Cloud, B. S., Grossman, M., and Libon, D. J. (1997). 
Impairment in category fluency in ischemic vascular dementia. Neuropsychology 11, 
400–412. doi: 10.1037//0894-4105.11.3.400

Carlesimo, G. A., Fadda, L., Bonci, A., and Caltagirone, C. (1993). Differential rates 
of forgetting from long-term memory in Alzheimer’s and multi-infarct dementia. Int. J. 
Neurosci. 73, 1–11. doi: 10.3109/00207459308987206

Carlesimo, G. A., Fadda, L., Lorusso, S., and Caltagirone, C. (1994). Verbal and spatial 
memory spans in Alzheimer’s and multi-infarct dementia. Acta Neurol. Scand. 89, 
132–138. doi: 10.1111/j.1600-0404.1994.tb01648.x

Carlesimo, G. A., Fadda, L., Marfia, G. A., and Caltagirone, C. (1995). Explicit 
memory and repetition priming in dementia: evidence for a common basic mechanism 
underlying conscious and unconscious retrieval deficits. J. Clin. Exp. Neuropsychol. 17, 
44–57. doi: 10.1080/13803399508406580

Cherrier, M. M., Mendez, M. F., Dave, M., and Perryman, K. M. (1999). Performance 
on the Rey-Osterrieth complex Figure test in Alzheimer disease and vascular dementia. 
Neuropsychiatr. Neuropsychol. Behav. Neurol. 12, 95–101.

Chosak Reiter, J. (2000). Measuring cognitive processes underlying picture naming in 
Alzheimer’s and cerebrovascular dementia: a general processing tree approach. J. Clin. 
Exp. Neuropsychol. 22, 351–369. doi: 10.1076/1380-3395(200006)22:3;1-V;FT351

Chui, H. C., and Ramirez-Gomez, L. (2015). Clinical and imaging features of mixed 
Alzheimer and vascular pathologies. Alzheimer Res. Therap. 7:21. doi: 10.1186/
s13195-015-0104-7

Chui, H. C., Zarow, C., Mack, W. J., Ellis, W. G., Zheng, L., Jagust, W. J., et al. (2006). 
Cognitive impact of subcortical vascular and Alzheimer’s disease pathology. Ann. 
Neurol. 60, 677–687. doi: 10.1002/ana.21009

Clague, F., Dudas, R. B., Thompson, S. A., Graham, K. S., and Hodges, J. R. (2005). 
Multidimensional measures of person knowledge and spatial associative learning: can 
these be applied to the differentiation of Alzheimer’s disease from frontotemporal and 
vascular dementia? Neuropsychologia 43, 1338–1350. doi: 10.1016/j.
neuropsychologia.2004.11.023

Clark, D. G., Kapur, P., Geldmacher, D. S., Brockington, J. C., Harrell, L., 
DeRamus, T. P., et al. (2014a). Latent information in fluency lists predicts functional 
decline in persons at risk for Alzheimer disease. Cortex 55, 202–218. doi: 10.1016/j.
cortex.2013.12.013

Clark, D. G., McLaughlin, P. M., Woo, E., Hwang, K., Hurtz, S., Ramirez, L., et al. 
(2016). Novel verbal fluency scores and structural brain imaging for prediction of 
cognitive outcome in mild cognitive impairment. Alzheimer’s Dement. Diagnos. Assess. 
Dis. Monitor. 2, 113–122. doi: 10.1016/j.dadm.2016.02.001

Clark, D. G., Wadley, V. G., Kapur, P., DeRamus, T. P., Singletary, B., Nicholas, A. P., 
et al. (2014b). Lexical factors and cerebral regions influencing verbal fluency performance 
in MCI. Neuropsychologia 54, 98–111. doi: 10.1016/j.neuropsychologia.2013.12.010

Claus, J. J., Staekenborg, S. S., Roorda, J. J., Stevens, M., Herderschee, D., van 
Maarschalkerweerd, W., et al. (2016). Low prevalence of mixed dementia in a cohort of 
2,000 elderly patients in a memory clinic setting. J. Alzheimers Dis. 50:10. doi: 10.3233/
JAD-150796

Cooper, H. M., Hedges, L. V., and Valentine, J. C. (eds.) (2009). The Handbook of 
Research Synthesis and Meta-Analysis. 2nd ed. New York: Russell Sage Foundation

Corey-Bloom, J., Galasko, D., Hofstetter, C. R., Jackson, J. E., and Thal, L. J. (1993). 
Clinical features distinguishing large cohorts with possible AD, probable AD, and mixed 
dementia. J. Am. Geriatr. Soc. 41, 31–37. doi: 10.1111/j.1532-5415.1993.tb05944.x

Costa, A., Bak, T., Caffarra, P., Caltagirone, C., Ceccaldi, M., Collette, F., et al. (2017). 
The need for harmonisation and innovation of neuropsychological assessment in 
neurodegenerative dementias in Europe: consensus document of the joint program for 
neurodegenerative diseases working group. Alzheimers Res. Ther. 9:27. doi: 10.1186/
s13195-017-0254-x

Cox, G. E., and Shiffrin, R. M. (2017). A dynamic approach to recognition memory. 
Psychol. Rev. 124, 795–860. doi: 10.1037/rev0000076

Crossley, M., D’Arcy, C., and Rawson, N. S. (1997). Letter and category fluency in 
community-dwelling Canadian seniors: a comparison of normal participants to those 
with dementia of the Alzheimer or vascular type. J. Clin. Exp. Neuropsychol. 19, 52–62. 
doi: 10.1080/01688639708403836

Custodio, N., Montesinos, R., Lira, D., Herrera-Pérez, E., Bardales, Y., and 
Valeriano-Lorenzo, L. (2017). Mixed dementia: a review of the evidence. Dement. 
Neuropsychol. 11, 364–370. doi: 10.1590/1980-57642016dn11-040005

Davis, K. L., Price, C. C., Kaplan, E., and Libon, D. J. (2002). Error analysis of the 
nine-word California verbal learning test (CVLT-9) among older adults with and 
without dementia. Clin. Neuropsychol. 16, 81–89. doi: 10.1076/clin.16.1.81.8330

De Jager, C. A., Hogervorst, E., Combrinck, M., and Budge, M. M. (2003). Sensitivity 
and specificity of neuropsychological tests for mild cognitive impairment, vascular 
cognitive impairment and Alzheimer’s disease. Psychol. Med. 33, 1039–1050. doi: 
10.1017/s0033291703008031

Deardorff, W. J., and Grossberg, G. T. (2019). “Behavioral and psychological 
symptoms in Alzheimer’s dementia and vascular dementia” in Handbook of Clinical 
Neurology. eds. V. I. Reus and D. Lindqvist. (Amsterdam, Netherlands, 
 United Kingdom, United States: Elsevier), 5–32.

DeBettignies, B. H., Mahurin, R. K., and Pirozzolo, F. J. (1993). Functional status in 
Alzheimer’s disease and multi-infarct dementia: a comparison of patient performance 
and caregiver report. Clin. Gerontol. 12, 31–49. doi: 10.1300/J018v12n04_03

Del Re, M. L., Pennese, F., Ciurlino, P., and Abate, G. (1993). Analysis of verbal 
memory and learning by means of selective reminding procedure in Alzheimer and 
multi-infarct dementias. Aging Clin. Exp. Res. 5, 185–192. doi: 10.1007/BF03324153

Della Sala, S., Parra, M. A., Fabi, K., Luzzi, S., and Abrahams, S. (2012). Short-term 
memory binding is impaired in AD but not in non-AD dementias. Neuropsychologia 50, 
833–840. doi: 10.1016/j.neuropsychologia.2012.01.018

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 
10.1146/annurev-psych-113011-143750

Dichgans, M., and Leys, D. (2017). Vascular Cognitive Impairment. Circ. Res. 120, 
573–591. doi: 10.1161/CIRCRESAHA.116.308426

Dickerson, B. C., Bakkour, A., Salat, D. H., Feczko, E., Pacheco, J., Greve, D. N., et al. (2009). 
The cortical signature of alzheimer’s disease: regionally specific cortical thinning relates to 
symptom severity in very mild to mild AD dementia and is detectable in asymptomatic 
amyloid-positive individuals. Cerebral Cortex. 19, 497–510. doi: 10.1093/cercor/bhn113

Dilkina, K., Mcclelland, J. L., and Plaut, D. C. (2008). A single-system account of 
semantic and lexical deficits in five semantic dementia patients. Cogn. Neuropsychol. 25, 
136–164. doi: 10.1080/02643290701723948

Doddy, R. S., Massman, P. J., Mawad, M., and Nance, M. (1998). Cognitive 
consequences of subcortical magnetic resonance imaging changes in Alzheimer’s 
disease: comparison to small vessel ischemic vascular dementia. Neuropsychiatr. 
Neuropsychol. Behav. Neurol. 11, 191–199.

Dong, A., Toledo, J. B., Honnorat, N., Doshi, J., Varol, E., Sotiras, A., et al. (2016). 
Heterogeneity of neuroanatomical patterns in prodromal Alzheimer’s disease: links to 
cognition, progression and biomarkers. Brain 140, 735–747. doi: 10.1093/brain/aww319

Dronse, J., Fliessbach, K., Bischof, G. N., von Reutern, B., Faber, J., Hammes, J., et al. 
(2016). In vivo patterns of tau pathology, amyloid-β burden, and neuronal dysfunction 
in clinical variants of Alzheimer’s disease. JAD 55, 465–471. doi: 10.3233/JAD-160316

Dutilh, G., Annis, J., Brown, S. D., Cassey, P., Evans, N. J., Grasman, R. P. P. P., et al. (2019). 
The quality of response time data inference: a blinded, collaborative assessment of the validity 
of cognitive models. Psychon. Bull. Rev. 26, 1051–1069. doi: 10.3758/s13423-017-1417-2

Eisenmenger, L. B., Peret, A., Famakin, B. M., Spahic, A., Roberts, G. S., Bockholt, J. H., 
et al. (2023). Vascular contributions to Alzheimer’s disease. Transl. Res. 254, 41–53. doi: 
10.1016/j.trsl.2022.12.003

Emrani, S., Lamar, M., Price, C. C., Wasserman, V., Matusz, E., Au, R., et al. (2020). 
Alzheimer’s/vascular Spectrum dementia: classification in addition to diagnosis. JAD 
73, 63–71. doi: 10.3233/JAD-190654

Engel, P., Cummings, J. L., Villanueva-Meyer, J., and Mena, I. (1993). Single photon 
emission computed tomography in dementia: relationship of perfusion to cognitive 
deficits. J. Geriatr. Psychiatry Neurol. 6, 144–151. doi: 10.1177/089198879300600303

Erker, G. J., Searight, H. R., and Peterson, P. (1995). Patterns of neuropsychological 
functioning among patients with multi-infarct and Alzheimer’s dementia: a comparative 
analysis. Int. Psychogeriatr. 7, 393–406. doi: 10.1017/s1041610295002146

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1002/ana.25123
https://doi.org/10.1007/BF00308809
https://doi.org/10.1080/00207450600920928
https://doi.org/10.1017/S1041610211000688
https://doi.org/10.1016/j.archger.2008.06.005
https://doi.org/10.1016/j.dadm.2018.07.003
https://doi.org/10.18637/jss.v080
https://doi.org/10.32614/rj-2018-017
https://doi.org/10.1002/hbm.25273
https://doi.org/10.1159/000048641
https://doi.org/10.1037//0894-4105.11.3.400
https://doi.org/10.3109/00207459308987206
https://doi.org/10.1111/j.1600-0404.1994.tb01648.x
https://doi.org/10.1080/13803399508406580
https://doi.org/10.1076/1380-3395(200006)22:3;1-V;FT351
https://doi.org/10.1186/s13195-015-0104-7
https://doi.org/10.1186/s13195-015-0104-7
https://doi.org/10.1002/ana.21009
https://doi.org/10.1016/j.neuropsychologia.2004.11.023
https://doi.org/10.1016/j.neuropsychologia.2004.11.023
https://doi.org/10.1016/j.cortex.2013.12.013
https://doi.org/10.1016/j.cortex.2013.12.013
https://doi.org/10.1016/j.dadm.2016.02.001
https://doi.org/10.1016/j.neuropsychologia.2013.12.010
https://doi.org/10.3233/JAD-150796
https://doi.org/10.3233/JAD-150796
https://doi.org/10.1111/j.1532-5415.1993.tb05944.x
https://doi.org/10.1186/s13195-017-0254-x
https://doi.org/10.1186/s13195-017-0254-x
https://doi.org/10.1037/rev0000076
https://doi.org/10.1080/01688639708403836
https://doi.org/10.1590/1980-57642016dn11-040005
https://doi.org/10.1076/clin.16.1.81.8330
https://doi.org/10.1017/s0033291703008031
https://doi.org/10.1300/J018v12n04_03
https://doi.org/10.1007/BF03324153
https://doi.org/10.1016/j.neuropsychologia.2012.01.018
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1161/CIRCRESAHA.116.308426
https://doi.org/10.1093/cercor/bhn113
https://doi.org/10.1080/02643290701723948
https://doi.org/10.1093/brain/aww319
https://doi.org/10.3233/JAD-160316
https://doi.org/10.3758/s13423-017-1417-2
https://doi.org/10.1016/j.trsl.2022.12.003
https://doi.org/10.3233/JAD-190654
https://doi.org/10.1177/089198879300600303
https://doi.org/10.1017/s1041610295002146


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 21 frontiersin.org

Erkinjuntti, T., Laaksonen, R., Sulkava, R., Syrjäläinen, R., and Palo, J. (1986). 
Neuropsychological differentiation between normal aging, Alzheimer’s disease and 
vascular dementia. Acta Neurol. Scand. 74, 393–403. doi: 10.1111/j.1600-0404.1986.
tb03532.x

Fahlander, K., Wahlin, Å., Almkvist, O., and Bäckman, L. (2002). Cognitive functioning 
in Alzheimer’s disease and vascular dementia: further evidence for similar patterns of 
deficits. J. Clin. Exp. Neuropsychol. 24, 734–744. doi: 10.1076/jcen.24.6.734.8404

Farrah, K., Young, K., Tunis, M. C., and Zhao, L. (2019). Risk of bias tools in systematic 
reviews of health interventions: an analysis of PROSPERO-registered protocols. Syst. 
Rev. 8:280. doi: 10.1186/s13643-019-1172-8

Field, A. P., and Gillett, R. (2010). How to do a meta-analysis. Br. J. Math. Stat. Psychol. 
63, 665–694. doi: 10.1348/000711010X502733

Fischer, P., Marterer, A., and Danielczyk, W. (1990a). Right-left disorientation in 
dementia of the Alzheimer type. Neurology 40:1619. doi: 10.1212/WNL.40.10.1619

Fischer, P., Simanyi, M., and Danielczyk, W. (1990b). Depression in dementia of the 
Alzheimer type and in multi-infarct dementia. Am. J. Psychiatry 147, 1484–1487. doi: 
10.1176/ajp.147.11.1484

Fitten, L. J., Perryman, K. M., Wilkinson, C. J., Little, R. J., Burns, M. M., Pachana, N., 
et al. (1995). Alzheimer and vascular dementias and driving. A prospective road and 
laboratory study. JAMA 273, 1360–1365.

Flynn, F. G., Cummings, J. L., and Gornbein, J. (1991). Delusions in dementia 
syndromes: investigation of behavioral and neuropsychological correlates. J. 
Neuropsychiatr. Clin. Neurosci. 3, 364–370. doi: 10.1176/jnp.3.4.364

Forstmann, B. U., and Wagenmakers, E.-J. (2015) in An Introduction to Model-Based 
Cognitive Neuroscience. eds. B. U. Forstmann and E.-J. Wagenmakers (New York, NY: 
Springer New York)

Frank, M. J., Loughry, B., and O’Reilly, R. C. (2001). Interactions between frontal 
cortex and basal ganglia in working memory: a computational model. Cogn. Affect. 
Behav. Neurosci. 1, 137–160. doi: 10.3758/cabn.1.2.137

Freeman, R. Q., Giovannetti, T., Lamar, M., Cloud, B. S., Stern, R. A., Kaplan, E., et al. 
(2000). Visuoconstructional problems in dementia: contribution of executive systems 
functions. Neuropsychology 14, 415–426. doi: 10.1037/0894-4105.14.3.415

Gainotti, G., Marra, C., and Villa, G. (2001). A double dissociation between accuracy 
and time of execution on attentional tasks in Alzheimer’s disease and multi-infarct 
dementia. Brain 124, 731–738. doi: 10.1093/brain/124.4.731

Gainotti, G., Marra, C., Villa, G., Parlato, V., and Chiarotti, F. (1998). Sensitivity and 
specificity of some neuropsychological markers of Alzheimer dementia. Alzheimer Dis. 
Assoc. Disord. 12, 152–162. doi: 10.1097/00002093-199809000-00006

Gainotti, G., Monteleone, D., Parlato, E., and Carlomagno, S. (1989). Verbal memory 
disorders in Alzheimer’s disease and multi-infarct dementia. J. Neurolinguistics 4, 
327–345. doi: 10.1016/0911-6044(89)90025-0

Gainotti, G., Parlato, V., Monteleone, D., and Carlomagno, S. (1992). 
Neuropsychological markers of dementia on visual-spatial tasks: a comparison between 
Alzheimer’s type and vascular forms of dementia. J. Clin. Exp. Neuropsychol. 14, 
239–252. doi: 10.1080/01688639208402826

Gelman, A., and Carlin, J. (2014). Beyond power calculations: assessing type S (sign) and 
type M (magnitude) errors. Perspect. Psychol. Sci. 9, 641–651. doi: 10.1177/1745691614551642

Gelman, A., Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., and Rubin, D. B. 
(2013). Bayesian Data Analysis. 3rd Edn Boca Raton, London, New York: CRC press.

Giebel, C. M., Burns, A., and Challis, D. (2016). Taking a positive spin: preserved 
initiative and performance of everyday activities across mild Alzheimer’s, vascular and 
mixed dementia. Int. J. Geriatr. Psychiatry 32, 959–967. doi: 10.1002/gps.4553

Gill, D. P., Hubbard, R. A., Koepsell, T. D., Borrie, M. J., Petrella, R. J., Knopman, D. S., 
et al. (2013). Differences in rate of functional decline across three dementia types. 
Alzheimers Dement. 9, S63–S71. doi: 10.1016/j.jalz.2012.10.010

Giovannetti, T., Hopkins, M. W., Crawford, J., Bettcher, B. M., Schmidt, K. S., and 
Libon, D. J. (2008). Syntactic comprehension deficits are associated with MRI white 
matter alterations in dementia. J. Int. Neuropsychol. Soc. 14, 542–551. doi: 10.1017/
S1355617708080715

Giovannetti, T., Lamar, M., Cloud, B. S., Swenson, R., Fein, D., Kaplan, E., et al. (2001). 
Different underlying mechanisms for deficits in concept formation in dementia. Arch. 
Clin. Neuropsychol. 16, 547–560.

Gorelick, P. B., Freels, S., Harris, Y., Dollear, T., Billingsley, M., and Brown, N. (1994). 
Epidemiology of vascular and Alzheimer’s dementia among African Americans in Chicago, 
IL: baseline frequency and comparison of risk factors. Neurology 44, 1391–1396. doi: 
10.1212/wnl.44.8.1391

Graff-Radford, J., Yong, K. X. X., Apostolova, L. G., Bouwman, F. H., Carrillo, M., 
Dickerson, B. C., et al. (2021). New insights into atypical Alzheimer’s disease in the era 
of biomarkers. Lancet Neurol. 20, 222–234. doi: 10.1016/S1474-4422(20)30440-3

Graham, N. L., Emery, T., and Hodges, J. R. (2004). Distinctive cognitive profiles in 
Alzheimer’s disease and subcortical vascular dementia. J. Neurol. Neurosurg. Psychiatry 
75, 61–71.

Gray, A. J., Staples, V., Murren, K., Dhariwal, A., and Bentham, P. (2001). Olfactory 
identification is impaired in clinic-based patients with vascular dementia and senile 
dementia of Alzheimer type. Int. J. Geriatr. Psychiatry 16, 513–517. doi: 10.1002/gps.383

Grober, E., Dickson, D., Sliwinski, M. J., Buschke, H., Katz, M., Crystal, H., et al. 
(1999). Memory and mental status correlates of modified Braak staging. Neurobiol. 
Aging 20, 573–579. doi: 10.1016/S0197-4580(99)00063-9

Groves, W. C., Brandt, J., Steinberg, M., Warren, A., Rosenblatt, A., Baker, A., et al. 
(2000). Vascular dementia and Alzheimer’s disease: Is there a difference? A comparison 
of symptoms by disease duration. J. Neuropsychiatr. Clin. Neurosci. 12, 305–315. doi: 
10.1176/jnp.12.3.305

Hachinski, V., Iadecola, C., Petersen, R. C., Breteler, M. M., Nyenhuis, D. L., 
Black, S. E., et al. (2006). National Institute of neurological disorders and stroke–
Canadian stroke network vascular cognitive impairment harmonization standards. 
Stroke 37, 2220–2241. doi: 10.1161/01.STR.0000237236.88823.47

Hamilton, O. K. L., Backhouse, E. V., Janssen, E., Jochems, A. C. C., Maher, C., 
Ritakari, T. E., et al. (2021). Cognitive impairment in sporadic cerebral small vessel 
disease: a systematic review and meta-analysis. Alzheimers Dement. 17, 665–685. doi: 
10.1002/alz.12221

Hampstead, B. M., Libon, D. J., Moelter, S. T., Swirsky-Sacchetti, T., Scheffer, L., 
Platek, S. M., et al. (2010). Temporal order memory differences in Alzheimer’s disease and 
vascular dementia. J. Clin. Exp. Neuropsychol. 32, 645–654. doi: 10.1080/13803390903418918

Happich, M., Kirson, N. Y., Desai, U., King, S., Birnbaum, H. G., Reed, C., et al. (2016). 
Excess costs associated with possible misdiagnosis of Alzheimer’s disease among patients 
with vascular dementia in a UK CPRD population. J. Alzheimers Dis. 53, 171–183. doi: 
10.3233/JAD-150685

Harrer, M. (2022). Doing Meta-Analysis With R: A Hands-On Guide. 1st Edn. Boca 
Raton: CRC Press

Hassing, L., and Bäckman, L. (1997). Episodic memory functioning in population-
based samples of very old adults with Alzheimer’s disease and vascular dementia. 
Dement. Geriatr. Cogn. Disord. 8, 376–383. doi: 10.1159/000106658

Hayden, K. M., Warren, L. H., Pieper, C. F., Østbye, T., Tschanz, J. T., Norton, M. C., 
et al. (2005). Identification of VaD and AD prodromes: the Cache County study. 
Alzheimer’s Dement. 1, 19–29. doi: 10.1016/j.jalz.2005.06.002

Hazy, T. E., Frank, M. J., and O’Reilly, R. C. (2007). Towards an executive without a 
homunculus: computational models of the prefrontal cortex/basal ganglia system. Philos. 
Trans. R. Soc. B 362, 1601–1613. doi: 10.1098/rstb.2007.2055

Healey, M. K., Kahana, M. J., Karl Healey, M., and Kahana, M. J. (2016). A four-
component model of age-related memory change. Psychol. Rev. 123, 23–69. doi: 10.1037/
rev0000015

Heyanka, D. J., Mackelprang, J. L., Golden, C. J., and Marke, C. D. (2010). 
Distinguishing Alzheimer’s disease from vascular dementia: an exploration of five 
cognitive domains. Int. J. Neurosci. 120, 409–414. doi: 10.3109/00207451003597177

Hier, D. B., Warach, J. D., Gorelick, P. B., and Thomas, J. (1989). Predictors of survival 
in clinically diagnosed Alzheimer’s disease and multi-infarct dementia. Arch. Neurol. 46, 
1213–1216. doi: 10.1001/archneur.1989.00520470073030

Hildebrandt, H., Haldenwanger, A., and Eling, P. (2009). False recognition helps to 
distinguish patients with Alzheimer&rsquo;s disease and amnestic MCI from patients 
with other kinds of dementia. Dement. Geriatr. Cogn. Disord. 28, 159–167. doi: 
10.1159/000235643

Hoffman, P., McClelland, J. L., and Lambon Ralph, M. A. (2018). Concepts, control, 
and context: a connectionist account of normal and disordered semantic cognition. 
Psychol. Rev. 125, 293–328. doi: 10.1037/rev0000094

Hoffmann, M. (2013). Frontal network syndrome testing: clinical tests and positron 
emission tomography brain imaging help distinguish the 3 Most common dementia 
subtypes. Am. J. Alzheimers Dis. Other Dement. 28, 477–484. doi: 10.1177/1533317513488920

Hofmann, M. J., and Jacobs, A. M. (2014). Interactive activation and competition 
models and semantic context: from behavioral to brain data. Neurosci. Biobehav. Rev. 46, 
85–104. doi: 10.1016/j.neubiorev.2014.06.011

Hofmann, M. J., Kuchinke, L., Biemann, C., Tamm, S., and Jacobs, A. M. (2011). 
Remembering words in context as predicted by an associative read-out model. Front. 
Psychol. 2, 1–11. doi: 10.3389/fpsyg.2011.00252

Hu, H.-Y., Ou, Y.-N., Shen, X.-N., Qu, Y., Ma, Y.-H., Wang, Z.-T., et al. (2021). White 
matter hyperintensities and risks of cognitive impairment and dementia: a systematic 
review and meta-analysis of 36 prospective studies. Neurosci. Biobehav. Rev. 120, 16–27. 
doi: 10.1016/j.neubiorev.2020.11.007

Hunter, C. A., Kirson, N. Y., Desai, U., Cummings, A. K. G., Faries, D. E., and 
Birnbaum, H. G. (2015). Medical costs of Alzheimer’s disease misdiagnosis among US 
Medicare beneficiaries. Alzheimers Dement. 11, 887–895. doi: 10.1016/j.jalz.2015.06.1889

Iadecola, C. (2013). The pathobiology of vascular dementia. Neuron 80, 844–866. doi: 
10.1016/j.neuron.2013.10.008

Isik, A. T., Cankurtaran, M., Bozoglu, E., Comert, B., Doruk, H., and Mas, M. R. 
(2007). Is there any relation between insulin resistance and cognitive function in the 
elderly? Int. Psychogeriatr. 19, 745–756. doi: 10.1017/S1041610207005406

Jeneson, A., and Squire, L. R. (2012). Working memory, long-term memory, and 
medial temporal lobe function. Learn. Memory 19, 15–25. doi: 10.1101/lm.024018.111

Jones, S., Laukka, E. J., Small, B. J., Fratiglioni, L., and Bäckman, L. (2004). A 
preclinical phase in vascular dementia: cognitive impairment three years before 
diagnosis. Dement. Geriatr. Cogn. Disord. 18, 233–239. doi: 10.1159/000080021

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1111/j.1600-0404.1986.tb03532.x
https://doi.org/10.1111/j.1600-0404.1986.tb03532.x
https://doi.org/10.1076/jcen.24.6.734.8404
https://doi.org/10.1186/s13643-019-1172-8
https://doi.org/10.1348/000711010X502733
https://doi.org/10.1212/WNL.40.10.1619
https://doi.org/10.1176/ajp.147.11.1484
https://doi.org/10.1176/jnp.3.4.364
https://doi.org/10.3758/cabn.1.2.137
https://doi.org/10.1037/0894-4105.14.3.415
https://doi.org/10.1093/brain/124.4.731
https://doi.org/10.1097/00002093-199809000-00006
https://doi.org/10.1016/0911-6044(89)90025-0
https://doi.org/10.1080/01688639208402826
https://doi.org/10.1177/1745691614551642
https://doi.org/10.1002/gps.4553
https://doi.org/10.1016/j.jalz.2012.10.010
https://doi.org/10.1017/S1355617708080715
https://doi.org/10.1017/S1355617708080715
https://doi.org/10.1212/wnl.44.8.1391
https://doi.org/10.1016/S1474-4422(20)30440-3
https://doi.org/10.1002/gps.383
https://doi.org/10.1016/S0197-4580(99)00063-9
https://doi.org/10.1176/jnp.12.3.305
https://doi.org/10.1161/01.STR.0000237236.88823.47
https://doi.org/10.1002/alz.12221
https://doi.org/10.1080/13803390903418918
https://doi.org/10.3233/JAD-150685
https://doi.org/10.1159/000106658
https://doi.org/10.1016/j.jalz.2005.06.002
https://doi.org/10.1098/rstb.2007.2055
https://doi.org/10.1037/rev0000015
https://doi.org/10.1037/rev0000015
https://doi.org/10.3109/00207451003597177
https://doi.org/10.1001/archneur.1989.00520470073030
https://doi.org/10.1159/000235643
https://doi.org/10.1037/rev0000094
https://doi.org/10.1177/1533317513488920
https://doi.org/10.1016/j.neubiorev.2014.06.011
https://doi.org/10.3389/fpsyg.2011.00252
https://doi.org/10.1016/j.neubiorev.2020.11.007
https://doi.org/10.1016/j.jalz.2015.06.1889
https://doi.org/10.1016/j.neuron.2013.10.008
https://doi.org/10.1017/S1041610207005406
https://doi.org/10.1101/lm.024018.111
https://doi.org/10.1159/000080021


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 22 frontiersin.org

Jonin, P. Y., Calia, C., Muratot, S., Belliard, S., Duché, Q., Barbeau, E. J., et al. (2019). 
Refining understanding of working memory buffers through the construct of binding: 
evidence from a single case informs theory and clinical practise. Cortex 112, 37–57. doi: 
10.1016/j.cortex.2018.08.011

Jørgensen, I. F., Aguayo-Orozco, A., Lademann, M., and Brunak, S. (2020). Age-
stratified longitudinal study of Alzheimer’s and vascular dementia patients. Alzheimers 
Dement. 16, 908–917. doi: 10.1002/alz.12091

Kahana, M. J. (2020). Computational models of memory search. Annu. Rev. Psychol. 
71, 107–138. doi: 10.1146/annurev-psych-010418-103358

Kandiah, N., Narasimhalu, K., Lee, J., and Chen, C. L. P. H. (2009). Differences exist 
in the cognitive profile of mild Alzheimer’s disease and subcortical ischemic vascular 
dementia. Dement. Geriatr. Cogn. Disord. 27, 399–403. doi: 10.1159/000210387

Kertesz, A., and Clydesdale, S. (1994). Neuropsychological deficits in vascular 
dementia vs Alzheimer’s disease. Frontal lobe deficits prominent in vascular dementia. 
Arch. Neurol. 51, 1226–1231. doi: 10.1001/archneur.1994.00540240070018

Knupfer, L., and Spiegel, R. (1986). Differences in olfactory test performance between 
normal aged, Alzheimer and vascular type dementia individuals. Int. J. Geriatr. 
Psychiatry 1, 3–14. doi: 10.1002/gps.930010103

Koton, S., Pike, J. R., Johansen, M., Knopman, D. S., Lakshminarayan, K., Mosley, T., 
et al. (2022). Association of Ischemic Stroke Incidence, severity, and recurrence with 
dementia in the atherosclerosis risk in communities cohort study. JAMA Neurol. 79, 
271–280. doi: 10.1001/jamaneurol.2021.5080

Kramer, J. H., Mungas, D., Reed, B. R., Schuff, N., Weiner, M. W., Miller, B. L., et al. 
(2004). Forgetting in dementia with and without subcortical lacunes. Clin. Neuropsychol. 
18, 32–40. doi: 10.1080/13854040490507136

Kruschke, J. K. (2015). Doing Bayesian Data Analysis: A Tutorial With R, JAGS, and 
Stan. 2nd Edn. Boston: Academic Press

Kruschke, J. K. (2018). Rejecting or accepting parameter values in Bayesian estimation. 
Adv. Methods Pract. Psychol. Sci. 1, 270–280. doi: 10.1177/2515245918771304

Kuchinke, L., Hofmann, M. J., Jacobs, A. M., Frühholz, S., Tamm, S., and 
Herrmann, M. (2011). Human striatal activation during adjustment of the response 
criterion in visual word recognition. NeuroImage 54, 2412–2417. doi: 10.1016/j.
neuroimage.2010.08.062

Kwok, K. S., Hameed, S., Tay, S. Y., Koay, W. I., Koh, S., Gabriel, C., et al. (2015). 
Hyperfamiliarity in dementia and mild cognitive impairment. Ann. Acad. Med. Singap. 
44, 342–349.

Lafosse, J. M., Reed, B. R., Mungas, D., Sterling, S. B., Wahbeh, H., and Jagust, W. J. 
(1997). Fluency and memory differences between ischemic vascular dementia and 
Alzheimer’s disease. Neuropsychology 11, 514–522. doi: 10.1037//0894-4105.11.4.514

Laine, M., Vuorinen, E., and Rinne, J. O. (1997). Picture naming deficits in vascular 
dementia and Alzheimer’s disease. J. Clin. Exp. Neuropsychol. 19, 126–140. doi: 
10.1080/01688639708403842

Lam, S., Lipton, R. B., Harvey, D. J., Zammit, A. R., and Ezzati, A.Alzheimer’s Disease 
Neuroimaging Initiative (2021). White matter hyperintensities and cognition across different 
Alzheimer’s biomarker profiles. J. Am. Geriatr. Soc. 69, 1906–1915. doi: 10.1111/jgs.17173

Lamar, M., Podell, K., Carew, T. G., Cloud, B. S., Resh, R., Kennedy, C., et al. (1997). 
Perseverative behavior in Alzheimer’s disease and subcortical ischemic vascular 
dementia. Neuropsychology 11, 523–534. doi: 10.1037//0894-4105.11.4.523

Lamar, M., Price, C. C., Davis, K. L., Kaplan, E., and Libon, D. J. (2002). Capacity to 
maintain mental set in dementia. Neuropsychologia 40, 435–445. doi: 10.1016/
s0028-3932(01)00125-7

Larrabee, G. J., Youngjohn, J. R., Sudilovsky, A., and Crook, T. H. (1993). Accelerated 
forgetting in Alzheimer-type dementia. J. Clin. Exp. Neuropsychol. 15, 701–712. doi: 
10.1080/01688639308402590

Laukka, E. J., MacDonald, S. W. S., Fratiglioni, L., and Bäckman, L. (2012). Preclinical 
cognitive trajectories differ for Alzheimer’s disease and vascular dementia. J. Int. 
Neuropsychol. Soc. 18, 191–199. doi: 10.1017/S1355617711001718

Lee, A. J., Raghavan, N. S., Bhattarai, P., Siddiqui, T., Sariya, S., Reyes-Dumeyer, D., 
et al. (2022). FMNL2 regulates gliovascular interactions and is associated with vascular 
risk factors and cerebrovascular pathology in Alzheimer’s disease. Acta Neuropathol. 
144, 59–79. doi: 10.1007/s00401-022-02431-6

Lezak, M. D. (ed.) (2012). Neuropsychological assessment. 5th Oxford: New York: 
Oxford University Press

Li, K. Z. H., Vadaga, K. K., Bruce, H., and Lai, L. (2018). “Executive function 
development in aging” in Executive Function: Development Across the Life Span Frontiers 
of Developmental Science. ed. S. A. Wiebe and J. Karbach. (New York, NY: Routledge), 
59–72.

Libon, D. J., Bogdanoff, B., Bonavita, J., Skalina, S., Cloud, B. S., Resh, R., et al. (1997). 
Dementia associated with periventricular and deep white matter alterations: a subtype 
of subcortical dementia. Arch. Clin. Neuropsychol. 12, 239–250.

Libon, D. J., Mattson, R. E., Glosser, G., Kaplan, E., Malamut, B. L., Sands, L. P., et al. 
(1996). A nine—word dementia version of the California verbal learning test. Clin. 
Neuropsychol. 10, 237–244. doi: 10.1080/13854049608406686

Libon, D. J., Price, C. C., Giovannetti, T., Swenson, R., Bettcher, B. M., Heilman, K. M., 
et al. (2008). Linking MRI Hyperintensities with patterns of neuropsychological 

impairment: evidence for a threshold effect. Stroke 39, 806–813. doi: 10.1161/
STROKEAHA.107.489997

Lobo, A., Launer, L., Fratiglioni, L., Andersen, K., Carlo, A., Breteler, M., et al. (2000). 
Prevalence of dementia and major subtypes in Europe: a collaborative study of 
population-based cohorts. Neurology 54, S4–S9.

Loewenstein, D. A., Acevedo, A., Agron, J., Issacson, R., Strauman, S., Crocco, E., et al. 
(2006). Cognitive profiles in Alzheimer’s disease and in mild cognitive impairment of 
different etiologies. Dement. Geriatr. Cogn. Disord. 21, 309–315. doi: 10.1159/000091522

Loewenstein, D. A., D’Elia, L., Guterman, A., Eisdorfer, C., Wilkie, F., LaRue, A., et al. 
(1991). The occurrence of different intrusive errors in patients with Alzheimer’s disease, 
multiple cerebral infarctions, and major depression. Brain Cogn. 16, 104–117. doi: 
10.1016/0278-2626(91)90088-p

Looi, J. C. L., and Sachdev, P. S. (1999). Differentiation of vascular dementia from AD 
on neuropsychological tests. Neurology 53:670. doi: 10.1212/WNL.53.4.670

Lukatela, K., Malloy, P., Jenkins, M., and Cohen, R. (1998). The naming deficit in early 
Alzheimer’s and vascular dementia. Neuropsychology 12, 565–572. doi: 
10.1037//0894-4105.12.4.565

Mathias, J. L., and Burke, J. (2009). Cognitive functioning in Alzheimer’s and vascular 
dementia: a meta-analysis. Neuropsychology 23, 411–423. doi: 10.1037/a0015384

Matsuda, O., Saito, M., and Sugishita, M. (1998). Cognitive deficits of mild dementia: 
a comparison between dementia of the Alzheimer’s type and vascular dementia. 
Psychiatry Clin. Neurosci. 52, 87–91. doi: 10.1111/j.1440-1819.1998.tb00978.x

McClelland, J. L., McNaughton, B. L., and O’Reilly, R. C. (1995). Why there are 
complementary learning systems in the hippocampus and neocortex: insights from 
the successes and failures of connectionist models of learning and memory. Psychol. 
Rev. 102, 419–457.

McDonough, I. M., Wood, M. M., and Miller, W. S. (2019). A review on the trajectory 
of attentional mechanisms in aging and the Alzheimer’s disease continuum through the 
attention network test. Yale J. Biol. Med. 92:15.

McGuinness, B., Barrett, S. L., Craig, D., Lawson, J., and Passmore, A. P. (2009). 
Executive functioning in Alzheimer’s disease and vascular dementia. Int. J. Geriatr. 
Psychiatry 7, 562–568. doi: 10.1002/gps.2375

McGuinness, B., Barrett, S. L., Craig, D., Lawson, J., and Passmore, A. P. (2010). 
Attention deficits in Alzheimer’s disease and vascular dementia. J. Neurol. Neurosurg. 
Psychiatry 81, 157–159. doi: 10.1136/jnnp.2008.164483

Mendez, M. F., and Ashla-Mendez, M. (1991). Differences between multi-infarct 
dementia and Alzheimer’s disease on unstructured neuropsychological tasks. J. Clin. 
Exp. Neuropsychol. 13, 923–932. doi: 10.1080/01688639108405108

Mendez, M. F., Cherrier, M. M., and Perryman, K. M. (1997). Differences between 
Alzheimer’s disease and vascular dementia on information processing measures. Brain 
Cogn. 34, 301–310. doi: 10.1006/brcg.1997.0923

Moretti, R., Torre, P., Antonello, R. M., Cazzato, G., and Bava, A. (2002). Ten-point 
clock test: a correlation analysis with other neuropsychological tests in dementia. Int. J. 
Geriatr. Psychiatry 17, 347–353. doi: 10.1002/gps.600

Murray, M. E., Graff-Radford, N. R., Ross, O. A., Petersen, R. C., Duara, R., and 
Dickson, D. W. (2011). Neuropathologically defined subtypes of Alzheimer’s disease 
with distinct clinical characteristics: a retrospective study. Lancet Neurol. 10, 785–796. 
doi: 10.1016/S1474-4422(11)70156-9

Nagahama, Y., Okina, T., and Suzuki, N. (2015). Impaired imitation of gestures in mild 
dementia: comparison of dementia with Lewy bodies, Alzheimer’s disease and vascular 
dementia. J. Neurol. Neurosurg. Psychiatry 86, 1248–1252. doi: 10.1136/
jnnp-2014-309436

Noh, Y., Jeon, S., Lee, J. M., Seo, S. W., Kim, G. H., Cho, H., et al. (2014). Anatomical 
heterogeneity of Alzheimer disease. Neurology 83, 1936–1944. doi: 10.1212/
WNL.0000000000001003

Nordlund, A., Rolstad, S., Klang, O., Lind, K., Hansen, S., and Wallin, A. (2007). 
Cognitive profiles of mild cognitive impairment with and without vascular disease. 
Neuropsychology 21, 706–712. doi: 10.1037/0894-4105.21.6.706

O’Brien, J. T., and Thomas, A. (2015). Vascular dementia. Lancet 386, 1698–1706. doi: 
10.1016/S0140-6736(15)00463-8

O’Reilly, R. C., and Frank, M. J. (2006). Making working memory work: a 
computational model of learning in the prefrontal cortex and basal ganglia. Neural 
Comput. 18, 283–328. doi: 10.1162/089976606775093909

O’Reilly, R. C., and McClelland, J. L. (1994). Hippocampal conjunctive encoding, storage, 
and recall: avoiding a trade-off. Hippocampus 4, 661–682. doi: 10.1002/hipo.450040605

O’Reilly, R. C., and Rudy, J. W. (2000). Computational principles of learning in the 
neocortex and hippocampus. Hippocampus 10, 389–397. doi: 
10.1002/1098-1063(2000)10:4<389::AID-HIPO5>3.0.CO;2-P

Oosterman, J. M., and Scherder, E. J. A. (2006). Distinguishing between vascular 
dementia and Alzheimer’s disease by means of the WAIS: a meta-analysis. J. Clin. Exp. 
Neuropsychol. 28, 1158–1175. doi: 10.1080/13803390500263543

Ostrosky, F., Ardila, A., and Rosselli, M. (1999). NEUROPSI: a brief neuropsychological 
test battery in Spanish with norms by age and educational level. J. Int. Neuropsychol. Soc. 
5, 413–433. doi: 10.1017/S1355617799555045

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.cortex.2018.08.011
https://doi.org/10.1002/alz.12091
https://doi.org/10.1146/annurev-psych-010418-103358
https://doi.org/10.1159/000210387
https://doi.org/10.1001/archneur.1994.00540240070018
https://doi.org/10.1002/gps.930010103
https://doi.org/10.1001/jamaneurol.2021.5080
https://doi.org/10.1080/13854040490507136
https://doi.org/10.1177/2515245918771304
https://doi.org/10.1016/j.neuroimage.2010.08.062
https://doi.org/10.1016/j.neuroimage.2010.08.062
https://doi.org/10.1037//0894-4105.11.4.514
https://doi.org/10.1080/01688639708403842
https://doi.org/10.1111/jgs.17173
https://doi.org/10.1037//0894-4105.11.4.523
https://doi.org/10.1016/s0028-3932(01)00125-7
https://doi.org/10.1016/s0028-3932(01)00125-7
https://doi.org/10.1080/01688639308402590
https://doi.org/10.1017/S1355617711001718
https://doi.org/10.1007/s00401-022-02431-6
https://doi.org/10.1080/13854049608406686
https://doi.org/10.1161/STROKEAHA.107.489997
https://doi.org/10.1161/STROKEAHA.107.489997
https://doi.org/10.1159/000091522
https://doi.org/10.1016/0278-2626(91)90088-p
https://doi.org/10.1212/WNL.53.4.670
https://doi.org/10.1037//0894-4105.12.4.565
https://doi.org/10.1037/a0015384
https://doi.org/10.1111/j.1440-1819.1998.tb00978.x
https://doi.org/10.1002/gps.2375
https://doi.org/10.1136/jnnp.2008.164483
https://doi.org/10.1080/01688639108405108
https://doi.org/10.1006/brcg.1997.0923
https://doi.org/10.1002/gps.600
https://doi.org/10.1016/S1474-4422(11)70156-9
https://doi.org/10.1136/jnnp-2014-309436
https://doi.org/10.1136/jnnp-2014-309436
https://doi.org/10.1212/WNL.0000000000001003
https://doi.org/10.1212/WNL.0000000000001003
https://doi.org/10.1037/0894-4105.21.6.706
https://doi.org/10.1016/S0140-6736(15)00463-8
https://doi.org/10.1162/089976606775093909
https://doi.org/10.1002/hipo.450040605
https://doi.org/10.1002/1098-1063(2000)10:4<389::AID-HIPO5>3.0.CO;2-P
https://doi.org/10.1080/13803390500263543
https://doi.org/10.1017/S1355617799555045


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 23 frontiersin.org

Padovani, A., Di Piero, V., Bragoni, M., Iacoboni, M., Gualdi, G. F., and Lenzi, G. L. 
(1995). Patterns of neuropsychological impairment in mild dementia: a comparison 
between Alzheimer’s disease and multi-infarct dementia. Acta Neurol. Scand. 92, 
433–442. doi: 10.1111/j.1600-0404.1995.tb00477.x

Pakhomov, S. V. S., Eberly, L., and Knopman, D. (2016). Characterizing cognitive 
performance in a large longitudinal study of aging with computerized semantic indices 
of verbal fluency. Neuropsychologia 89, 42–56. doi: 10.1016/j.neuropsychologia.2016.05.031

Palestro, J. J., Bahg, G., Sederberg, P. B., Lu, Z.-L., Steyvers, M., and Turner, B. M. 
(2018). A tutorial on joint models of neural and behavioral measures of cognition. J. 
Math. Psychol. 84, 20–48. doi: 10.1016/j.jmp.2018.03.003

Park, S., and Beretvas, S. N. (2019). Synthesizing effects for multiple outcomes per 
study using robust variance estimation versus the three-level model. Behav. Res. Ther. 
51, 152–171. doi: 10.3758/s13428-018-1156-y

Peña-Casanova, J., Sánchez-Benavides, G., de Sola, S., Manero-Borrás, R. M., and 
Casals-Coll, M. (2012). Neuropsychology of Alzheimer’s disease. Arch. Med. Res. 43, 
686–693. doi: 10.1016/j.arcmed.2012.08.015

Perng, C.-H., Chang, Y.-C., and Tzang, R.-F. (2018). The treatment of cognitive 
dysfunction in dementia: a multiple treatments meta-analysis. Psychopharmacology 235, 
1571–1580. doi: 10.1007/s00213-018-4867-y

Perri, R., Monaco, M., Fadda, L., Caltagirone, C., and Carlesimo, G. A. (2014). 
Neuropsychological correlates of behavioral symptoms in Alzheimer’s disease, frontal 
variant of frontotemporal, subcortical vascular, and lewy body dementias: a comparative 
study. J. Alzheimers Dis. 39, 669–677. doi: 10.3233/JAD-131337

Pires, L., Moura, O., Guerrini, C., Buekenhout, I., Simões, M. R., and Leitão, J. (2019). 
Confirmatory factor analysis of neurocognitive measures in healthy Young adults: the 
relation of executive functions with other neurocognitive functions. Arch. Clin. 
Neuropsychol. 34, 350–365. doi: 10.1093/arclin/acy040

Plassman, B. L., Langa, K. M., Fisher, G. G., Heeringa, S. G., Weir, D. R., Ofstedal, M. B., 
et al. (2007). Prevalence of dementia in the United States: the aging, demographics, and 
memory study. Neuroepidemiology 29, 125–132. doi: 10.1159/000109998

Pooley, J. P., Lee, M. D., and Shankle, W. R. (2011). Understanding memory 
impairment with memory models and hierarchical Bayesian analysis. J. Math. Psychol. 
55, 47–56. doi: 10.1016/j.jmp.2010.08.003

Poore, Q. E., Rapport, L. J., Fuerst, D. R., and Keenan, P. (2006). Word list generation 
performance in Alzheimer’s disease and vascular dementia. Neuropsychol. Dev. Cogn. B 
Aging Neuropsychol. Cogn. 13, 86–94. doi: 10.1080/13825580490904219

Price, C. C., Jefferson, A. L., Merino, J. G., Heilman, K. M., and Libon, D. J. (2005). 
Subcortical vascular dementia: Integrating neuropsychological and neuroradiologic 
data. Neurology 65, 376–382. doi: 10.1212/01.WNL.0000168877.06011.15

Price, C. C., Mitchell, S. M., Brumback, B., Tanner, J. J., Schmalfuss, I., Lamar, M., et al. 
(2012). MRI-leukoaraiosis thresholds and the phenotypic expression of dementia. 
Neurology 79, 734–740. doi: 10.1212/WNL.0b013e3182661ef6

Price, C. C., Tanner, J. J., Schmalfuss, I. M., Brumback, B., Heilman, K. M., and 
Libon, D. J. (2015). Dissociating statistically-determined Alzheimer’s disease/vascular 
dementia neuropsychological syndromes using white and Gray Neuroradiological 
parameters. JAD 48, 833–847. doi: 10.3233/JAD-150407

Ramirez-Gomez, L., Zheng, L., Reed, B., Kramer, J., Mungas, D., Zarow, C., et al. 
(2017). Neuropsychological profiles differentiate Alzheimer disease from subcortical 
ischemic vascular dementia in an autopsy-defined cohort. Dement. Geriatr. Cogn. 
Disord. 44, 1–11. doi: 10.1159/000477344

Ratcliff, R., and Smith, P. L. (2004). A comparison of sequential sampling models for 
two-choice reaction time. Psychol. Rev. 111, 333–367. doi: 10.1037/0033-295X.111.2.333

Richter, N., Bischof, G. N., Dronse, J., Nellessen, N., Neumaier, B., Langen, K.-J., et al. 
(2020). Entorhinal tau predicts hippocampal activation and memory deficits in 
Alzheimer’s disease. J. Alzheimers Dis. 78, 1601–1614. doi: 10.3233/JAD-200835

Richter, N., Michel, A., Onur, O. A., Kracht, L., Dietlein, M., Tittgemeyer, M., et al. 
(2017). White matter lesions and the cholinergic deficit in aging and mild cognitive 
impairment. Neurobiol. Aging 53, 27–35. doi: 10.1016/j.neurobiolaging.2017.01.012

Ricker, J. H., Keenan, P. A., and Jacobson, M. W. (1994). Visuoperceptual-spatial 
ability and visual memory in vascular dementia and dementia of the Alzheimer type. 
Neuropsychologia 32, 1287–1296. doi: 10.1016/0028-3932(94)90110-4

Rincon, F., and Wright, C. B. (2013). Vascular cognitive impairment. Curr. Opin. 
Neurol. 26, 29–36. doi: 10.1097/WCO.0b013e32835c4f04

Ritter, F. E., Tehranchi, F., and Oury, J. D. (2019). ACT-R: a cognitive architecture for 
modeling cognition. WIREs Cogn. Sci. 10:e1488. doi: 10.1002/wcs.1488

Rizzi, L., Rosset, I., and Roriz-Cruz, M. (2014). Global epidemiology of dementia: 
Alzheimer’s and vascular types. Biomed. Res. Int. 2014:e908915. doi: 10.1155/2014/908915

Roelke, A., and Hofmann, M. J. (2020). Functional connectivity of the left inferior frontal 
gyrus during semantic priming. Neurosci. Lett. 735:135236. doi: 10.1016/j.neulet.2020.135236

Rogers, T. T., Lambon Ralph, M. A., Garrard, P., Bozeat, S., McClelland, J. L., 
Hodges, J. R., et al. (2004). Structure and deterioration of semantic memory: a 
neuropsychological and computational investigation. Psychol. Rev. 111, 205–235. doi: 
10.1037/0033-295X.111.1.205

Rolls, E. T. (2016). Cerebral Cortex: Principles of Operation 1st Edn. Oxford: New York, 
NY: Oxford University Press

Rolls, E. T. (2018). The storage and recall of memories in the hippocampo-cortical 
system. Cell Tissue Res. 373, 577–604. doi: 10.1007/s00441-017-2744-3

Rolls, E. T. (2021). Brain Computations: What and How. 1st Edn. Oxford, 
United Kingdom; New York, NY: Oxford University Press

Röver, C., Bender, R., Dias, S., Schmid, C. H., Schmidli, H., Sturtz, S., et al. (2021). On 
weakly informative prior distributions for the heterogeneity parameter in Bayesian 
random-effects meta-analysis. Res. Synth. Methods 12, 448–474. doi: 10.1002/jrsm.1475

Rundek, T., Tolea, M., Ariko, T., Fagerli, E. A., and Camargo, C. J. (2022). Vascular 
Cognitive Impairment (VCI). Neurotherapeutics 19, 68–88. doi: 10.1007/
s13311-021-01170-y

Sachdev, P. S., Kalaria, R., O’Brien, J., Skoog, I., Alladi, S., Black, S. E., et al. (2014). 
Diagnostic criteria for vascular cognitive disorders: a VASCOG statement. Alzheimer 
Dis. Assoc. Disord. 28, 206–218. doi: 10.1097/WAD.0000000000000034

Sachdev, P. S., Lipnicki, D. M., Crawford, J. D., and Brodaty, H. (2019). The vascular 
behavioral and cognitive disorders criteria for vascular cognitive disorders: a validation 
study. Eur. J. Neurol. 26, 1161–1167. doi: 10.1111/ene.13960

Scheltens, P., Strooper, B. D., Kivipelto, M., Holstege, H., Chételat, G., Teunissen, C. E., 
et al. (2021). Alzheimer’s disease. Lancet. 397, 1577–1590. doi: 10.1016/
S0140-6736(20)32205-4

Schönbrodt, F. D., and Wagenmakers, E. J. (2018). Bayes factor design analysis: 
planning for compelling evidence. Psychon. Bull. Rev. 25, 128–142. doi: 10.3758/
s13423-017-1230-y

Schroeter, M. L., Eickhoff, S. B., and Engel, A. (2020). From correlational approaches 
to meta-analytical symptom reading in individual patients: bilateral lesions in the 
inferior frontal junction specifically cause dysexecutive syndrome. Cortex 128, 73–87. 
doi: 10.1016/j.cortex.2020.03.010

Shah, A., Ellanchenny, N., and Suh, G.-H. (2005). A comparative study of behavioral 
and psychological symptoms of dementia in patients with Alzheimer’s disease and 
vascular dementia referred to psychogeriatric services in Korea and the U.K. Int. 
Psychogeriatr. 17, 207–219. doi: 10.1017/S1041610205001468

Shimokawa, A., Yatomi, N., Anamizu, S., Ashikari, I., Kohno, M., Maki, Y., et al. 
(2000). Comprehension of emotions: comparison between Alzheimer type and vascular 
type dementias. Dement. Geriatr. Cogn. Disord. 11, 268–274. doi: 10.1159/000017249

Shimokawa, A., Yatomi, N., Anamizu, S., Torii, S., Isono, H., and Sugai, Y. (2003). 
Recognition of facial expressions and emotional situations in patients with dementia of 
the Alzheimer and vascular types. Dement. Geriatr. Cogn. Disord. 15, 163–168. doi: 
10.1159/000068479

Shuttleworth, E. C., and Huber, S. J. (1989). The picture absurdities test in the 
evaluation of dementia. Brain Cogn. 11, 50–59. doi: 10.1016/0278-2626(89)90004-3

Simpson, S., Allen, H., Tomenson, B., and Burns, A. (1999). Neurological correlates 
of depressive symptoms in Alzheimer’s disease and vascular dementia. J. Affect. Disord. 
8, 129–136.

Skrobot, O. A., Black, S. E., Chen, C., DeCarli, C., Erkinjuntti, T., Ford, G. A., et al. 
(2018). Progress toward standardized diagnosis of vascular cognitive impairment: 
guidelines from the vascular impairment of cognition classification consensus study. 
Alzheimers Dement. 14, 280–292. doi: 10.1016/j.jalz.2017.09.007

Smith, E. E. (2017). Clinical presentations and epidemiology of vascular dementia. 
Clin. Sci. 131, 1059–1068. doi: 10.1042/CS20160607

Smith, E. E., Barber, P., Field, T. S., Ganesh, A., Hachinski, V., Hogan, D. B., et al. 
(2020). Canadian consensus conference on diagnosis and treatment of dementia 
(CCCDTD)5: guidelines for management of vascular cognitive impairment. A&D 
Transl. Res. Clin. Interv. 6:e12056. doi: 10.1002/trc2.12056

Smits, L. L., van Harten, A. C., Pijnenburg, Y. A. L., Koedam, E. L. G. E., Bouwman, F. H., 
Sistermans, N., et al. (2015). Trajectories of cognitive decline in different types of 
dementia. Psychol. Med. 45, 1051–1059. doi: 10.1017/S0033291714002153

Snodgrass, J. G., and Corwin, J. (1988). Pragmatics of measuring recognition memory: 
applications to dementia and amnesia. J. Exp. Psychol. Gen. 117, 34–50. doi: 
10.1037/0096-3445.117.1.34

Squire, L. R. (1992). Memory and the Hippocampuss: a synthesis from findings with 
rats, monkeys, and humans. Psychol. Rev. 99, 195–231. doi: 10.1037/0033-295X.99.2.195

Stamate, A., Logie, R. H., Baddeley, A. D., and Della Sala, S. (2020). Forgetting in 
Alzheimer’s disease: is it fast? Is it affected by repeated retrieval? Neuropsychologia 
138:107351. doi: 10.1016/j.neuropsychologia.2020.107351

Stanislaw, H., and Todorov, N. (1999). Calculation of signal detection theory measures. 
Behav. Res. Methods Instrum. Comput. 31, 137–149. doi: 10.3758/BF03207704

Starkstein, S. E., Sabe, L., Vazquez, S., Teson, A., Petracca, G., Chemerinski, E., et al. 
(1996). Neuropsychological, psychiatric, and cerebral blood flow findings in vascular 
dementia and Alzheimer’s disease. Stroke 27, 408–414. doi: 10.1161/01.str.27.3.408

Starns, J. J., Pazzaglia, A. M., Rotello, C. M., Hautus, M. J., and Macmillan, N. A. (2013). 
Unequal-strength source zROC slopes reflect criteria placement and not (necessarily) 
memory processes. J. Exp. Psychol. Learn. Mem. Cogn. 39, 1377–1392. doi: 10.1037/a0032328

Strauss, E., Sherman, E. M. S., and Spreen, O. (2006). A Compendium of 
Neuropsychological Tests: Administration, Norms, and Commentary. 3rd Edn. Oxford: 
New York: Oxford University Press

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1111/j.1600-0404.1995.tb00477.x
https://doi.org/10.1016/j.neuropsychologia.2016.05.031
https://doi.org/10.1016/j.jmp.2018.03.003
https://doi.org/10.3758/s13428-018-1156-y
https://doi.org/10.1016/j.arcmed.2012.08.015
https://doi.org/10.1007/s00213-018-4867-y
https://doi.org/10.3233/JAD-131337
https://doi.org/10.1093/arclin/acy040
https://doi.org/10.1159/000109998
https://doi.org/10.1016/j.jmp.2010.08.003
https://doi.org/10.1080/13825580490904219
https://doi.org/10.1212/01.WNL.0000168877.06011.15
https://doi.org/10.1212/WNL.0b013e3182661ef6
https://doi.org/10.3233/JAD-150407
https://doi.org/10.1159/000477344
https://doi.org/10.1037/0033-295X.111.2.333
https://doi.org/10.3233/JAD-200835
https://doi.org/10.1016/j.neurobiolaging.2017.01.012
https://doi.org/10.1016/0028-3932(94)90110-4
https://doi.org/10.1097/WCO.0b013e32835c4f04
https://doi.org/10.1002/wcs.1488
https://doi.org/10.1155/2014/908915
https://doi.org/10.1016/j.neulet.2020.135236
https://doi.org/10.1037/0033-295X.111.1.205
https://doi.org/10.1007/s00441-017-2744-3
https://doi.org/10.1002/jrsm.1475
https://doi.org/10.1007/s13311-021-01170-y
https://doi.org/10.1007/s13311-021-01170-y
https://doi.org/10.1097/WAD.0000000000000034
https://doi.org/10.1111/ene.13960
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.3758/s13423-017-1230-y
https://doi.org/10.3758/s13423-017-1230-y
https://doi.org/10.1016/j.cortex.2020.03.010
https://doi.org/10.1017/S1041610205001468
https://doi.org/10.1159/000017249
https://doi.org/10.1159/000068479
https://doi.org/10.1016/0278-2626(89)90004-3
https://doi.org/10.1016/j.jalz.2017.09.007
https://doi.org/10.1042/CS20160607
https://doi.org/10.1002/trc2.12056
https://doi.org/10.1017/S0033291714002153
https://doi.org/10.1037/0096-3445.117.1.34
https://doi.org/10.1037/0033-295X.99.2.195
https://doi.org/10.1016/j.neuropsychologia.2020.107351
https://doi.org/10.3758/BF03207704
https://doi.org/10.1161/01.str.27.3.408
https://doi.org/10.1037/a0032328


Sokolovič et al. 10.3389/fnagi.2023.1267434

Frontiers in Aging Neuroscience 24 frontiersin.org

Stuss, D. T. (2011). Functions of the frontal lobes: relation to executive functions. J. 
Int. Neuropsychol. Soc. 17, 759–765. doi: 10.1017/S1355617711000695

Sudo, F. K., Souza, A. S.De, Drummond, C., Assuncao, N., Teldeschi, A., Oliveira, N., 
et al. (2019). Inter-method and anatomical correlates of episodic memory tests in the 
Alzheimer’s disease spectrum. PLoS One 14:e0223731. doi: 10.1371/journal.
pone.0223731

Sultzer, D. L., Levin, H. S., Mahler, M. E., High, W. M., and Cummings, J. L. (1992). 
Assessment of cognitive, psychiatric, and behavioral disturbances in patients with 
dementia: the neurobehavioral rating scale. J. Am. Geriatr. Soc. 40, 549–555. doi: 
10.1111/j.1532-5415.1992.tb02101.x

Sultzer, D. L., Levin, H. S., Mahler, M. E., High, W. M., and Cummings, J. L. (1993). A 
comparison of psychiatric symptoms in vascular dementia and Alzheimer’s disease. Am. 
J. Psychiatry 150, 1806–1812. doi: 10.1176/ajp.150.12.1806

Taylor, R., and Gilleard, C. J. (1990). Encoding preferences in memory in dementia. 
Br. J. Clin. Psychol. 29, 243–244. doi: 10.1111/j.2044-8260.1990.tb00879.x

Ten Kate, M., Dicks, E., Visser, P. J., van der Flier, W. M., Teunissen, C. E., Barkhof, F., 
et al. (2018). Atrophy subtypes in prodromal Alzheimer’s disease are associated with 
cognitive decline. Brain 141, 3443–3456. doi: 10.1093/brain/awy264

Testa, R., Bennett, P., and Ponsford, J. (2012). Factor analysis of nineteen executive 
function tests in a healthy adult population. Arch. Clin. Neuropsychol. 27, 213–224. doi: 
10.1093/arclin/acr112

Thal, D. R., Griffin, W. S. T., and Braak, H. (2008). Parenchymal and vascular Aβ-
deposition and its effects on the degeneration of neurons and cognition in Alzheimer’s 
disease. J. Cell. Mol. Med. 12, 1848–1862. doi: 10.1111/j.1582-4934.2008.00411.x

Thal, D. R., Rüb, U., Orantes, M., and Braak, H. (2002). Phases of Aβ-deposition in 
the human brain and its relevance for the development of AD. Neurology 58, 1791–1800. 
doi: 10.1212/WNL.58.12.1791

Therriault, J., Pascoal, T. A., Lussier, F. Z., Tissot, C., Chamoun, M., Bezgin, G., et al. 
(2022). Biomarker modeling of Alzheimer’s disease using PET-based Braak staging. Nat. 
Aging 2, 526–535. doi: 10.1038/s43587-022-00204-0

Tierney, M. C., Black, S. E., Szalai, J. P., Snow, W. G., Fisher, R. H., Nadon, G., et al. 
(2001). Recognition memory and verbal fluency differentiate probable Alzheimer 
disease from subcortical ischemic vascular dementia. Arch. Neurol. 58, 1654–1659. doi: 
10.1001/archneur.58.10.1654

Tillman, G., Van Zandt, T., and Logan, G. D. (2020). Sequential sampling models 
without random between-trial variability: the racing diffusion model of speeded 
decision making. Psychon. Bull. Rev. 27, 911–936. doi: 10.3758/s13423-020-01719-6

Tisato, V., Rimondi, E., Brombo, G., Volpato, S., Zurlo, A., Zauli, G., et al. (2016). 
Serum soluble tumor necrosis factor-related apoptosis-inducing ligand levels in older 
subjects with dementia and mild cognitive impairment. Dement. Geriatr. Cogn. Disord. 
41, 273–280. doi: 10.1159/000446275

Todorova, L., Neville, D. A., and Piai, V. (2020). Lexical-semantic and executive 
deficits revealed by computational modelling: a drift diffusion model perspective. 
Neuropsychologia 146:107560. doi: 10.1016/j.neuropsychologia.2020.107560

Traykov, L., Baudic, S., Thibaudet, M.-C., Rigaud, A.-S., Smagghe, A., and Boller, F. 
(2002). Neuropsychological deficit in early subcortical vascular dementia: comparison 
to Alzheimer’s disease. Dement. Geriatr. Cogn. Disord. 14, 26–32. doi: 10.1159/000058330

Tsuno, N., Shigeta, M., Hyoki, K., Faber, P. L., and Lehmann, D. (2004). Fluctuations 
of source locations of EEG activity during transition from alertness to sleep in 
Alzheimer’s disease and vascular dementia. Neuropsychobiology 50, 267–272. doi: 
10.1159/000079982

Tuladhar, A. M., Reid, A. T., Shumskaya, E., De Laat, K. F., Van Norden, A. G. W., Van 
Dijk, E. J., et al. (2015). Relationship between white matter Hyperintensities, cortical 
thickness, and cognition. Stroke 46, 425–432. doi: 10.1161/STROKEAHA.114.007146

Unsworth, N., Spillers, G. J., and Brewer, G. A. (2011). Variation in verbal fluency: a 
latent variable analysis of clustering, switching, and overall performance. Q. J. Exp. 
Psychol. 64, 447–466. doi: 10.1080/17470218.2010.505292

van de Pol, L., Gertz, H.-J., Scheltens, P., and Wolf, H. (2011). Hippocampal atrophy 
in subcortical vascular dementia. Neurodegener. Dis. 8, 465–469. doi: 10.1159/000326695

Vanderploeg, R. D., Yuspeh, R. L., and Schinka, J. A. (2001). Differential episodic and 
semantic memory performance in Alzheimer’s disease and vascular dementias. J. Int. 
Neuropsychol. Soc. 7, 563–573. doi: 10.1017/s135561770175504x

Villardita, C. (1993). Alzheimer’s disease compared with cerebrovascular dementia. 
Neuropsychological similarities and differences. Acta Neurol. Scand. 87, 299–308. doi: 
10.1111/j.1600-0404.1993.tb05512.x

Voss, S. E., and Bullock, R. A. (2004). Executive function: the Core feature of 
dementia? Dement. Geriatr. Cogn. Disord. 18, 207–216. doi: 10.1159/000079202

Vuorinen, E., Laine, M., and Rinne, J. (2000). Common pattern of language 
impairment in vascular dementia and in Alzheimer disease. Alzheimer Dis. Assoc. 
Disord. 14, 81–86. doi: 10.1097/00002093-200004000-00005

Wagner, M. T., Spangenberg, K. B., Bachman, D. L., and O’Connell, P. (1997). 
Unawareness of cognitive deficit in Alzheimer disease and related dementias. Alzheimer 
Dis. Assoc. Disord. 11, 125–131. doi: 10.1097/00002093-199709000-00004

Wan, X., Wang, W., Liu, J., and Tong, T. (2014). Estimating the sample mean and 
standard deviation from the sample size, median, range and/or interquartile range. BMC 
Med. Res. Methodol. 14:135. doi: 10.1186/1471-2288-14-135

Ward, J. (2003). Encoding and the frontal lobes: a dissociation between retrograde and 
anterograde memories. Cortex 39, 791–812. doi: 10.1016/S0010-9452(08)70864-5

Wei, M., Shi, J., Li, T., Ni, J., Zhang, X., Li, Y., et al. (2018). Diagnostic accuracy of the 
Chinese version of the trail-making test for screening cognitive impairment. J. Am. 
Geriatr. Soc. 66, 92–99. doi: 10.1111/jgs.15135

Weigard, A. S., Sathian, K., and Hampstead, B. M. (2020). Model-based assessment 
and neural correlates of spatial memory deficits in mild cognitive impairment. 
Neuropsychologia 136:107251. doi: 10.1016/j.neuropsychologia.2019.107251

Wentzel, C., Rockwood, K., MacKnight, C., Hachinski, V., Hogan, D. B., Feldman, H., 
et al. (2001). Progression of impairment in patients with vascular cognitive impairment 
without dementia. Neurology 57, 714–716. doi: 10.1212/WNL.57.4.714

Wetterling, T., Kanitz, R.-D., and Borgis, K.-J. (1996). Comparison of different 
diagnostic criteria for vascular dementia (ADDTC, DSM-IV, ICD-10, NINDS-AIREN). 
Stroke 27, 30–36. doi: 10.1161/01.STR.27.1.30

Whiteside, D. M., Kealey, T., Semla, M., Luu, H., Rice, L., Basso, M. R., et al. (2016). 
Verbal fluency: language or executive function measure? Appl. Neuropsychol. Adult 23, 
29–34. doi: 10.1080/23279095.2015.1004574

Williams, D. R., Rast, P., and Bürkner, P.-C. (2018). Bayesian Meta-analysis with 
weakly informative prior distributions.

World Health Organization (2004). International Statistical Classification of Diseases 
and Related Health Problems. 10th Revision 2nd Edn. Geneva: World Health Organization

World Health Organization (2022). ICD-11 for mortality and morbidity statistics. 
Available at: https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.
int%2ficd%2fentity%2f213458094 (Accessed February 14, 2022).

Yamashita, H., Hirono, N., Ikeda, M., Ikejiri, Y., Imamura, T., Shimomura, T., et al. 
(1997). Examining the diagnostic utility of the Fuld cholinergic deficit profile on the 
Japanese WAIS-R. J. Clin. Exp. Neuropsychol. 19, 300–304. doi: 
10.1080/01688639708403859

Yuspeh, R. L., Vanderploeg, R. D., Crowell, T. A., and Mullan, M. (2002). Differences 
in executive functioning between Alzheimer’s disease and subcortical ischemic vascular 
dementia. J. Clin. Exp. Neuropsychol. 24, 745–754. doi: 10.1076/jcen.24.6.745.8399

Zakzanis, K. K. (2001). Statistics to tell the truth, the whole truth, and nothing but the 
truth: formulae, illustrative numerical examples, and heuristic interpretation of effect 
size analyses for neuropsychological researchers. Arch. Clin. Neuropsychol. 15, 653–667.

Zanetti, O., Vallotti, B., Frisoni, G. B., Geroldi, C., Bianchetti, A., Pasqualetti, P., et al. 
(1999). Insight in dementia: when does it occur? Evidence for a nonlinear relationship 
between insight and cognitive status. J. Gerontol. B Psychol. Sci. Soc. Sci. 54, P100–P106. 
doi: 10.1093/geronb/54b.2.p100

Zekry, D., Duyckaerts, C., Belmin, J., Geoffre, C., Herrmann, F., Moulias, R., et al. 
(2003). The vascular lesions in vascular and mixed dementia: the weight of functional 
neuroanatomy. Neurobiol. Aging 7, 213–219. doi: 10.1016/s0197-4580(02)00066-0

Zekry, D., Hauw, J.-J., and Gold, G. (2002). Mixed dementia: epidemiology, diagnosis, 
and treatment. J. Am. Geriatr. Soc. 50, 1431–1438. doi: 10.1046/j.1532-5415.2002.50367.x

Zimmer, N. A., Hayden, S., Deidan, C., and Loewenstein, D. A. (1994). Comparative 
performance of mildly impaired patients with Alzheimer’s disease and multiple cerebral 
infarctions on tests of memory and functional capacity. Int. Psychogeriatr. 6, 143–154. 
doi: 10.1017/s1041610294001717

https://doi.org/10.3389/fnagi.2023.1267434
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1017/S1355617711000695
https://doi.org/10.1371/journal.pone.0223731
https://doi.org/10.1371/journal.pone.0223731
https://doi.org/10.1111/j.1532-5415.1992.tb02101.x
https://doi.org/10.1176/ajp.150.12.1806
https://doi.org/10.1111/j.2044-8260.1990.tb00879.x
https://doi.org/10.1093/brain/awy264
https://doi.org/10.1093/arclin/acr112
https://doi.org/10.1111/j.1582-4934.2008.00411.x
https://doi.org/10.1212/WNL.58.12.1791
https://doi.org/10.1038/s43587-022-00204-0
https://doi.org/10.1001/archneur.58.10.1654
https://doi.org/10.3758/s13423-020-01719-6
https://doi.org/10.1159/000446275
https://doi.org/10.1016/j.neuropsychologia.2020.107560
https://doi.org/10.1159/000058330
https://doi.org/10.1159/000079982
https://doi.org/10.1161/STROKEAHA.114.007146
https://doi.org/10.1080/17470218.2010.505292
https://doi.org/10.1159/000326695
https://doi.org/10.1017/s135561770175504x
https://doi.org/10.1111/j.1600-0404.1993.tb05512.x
https://doi.org/10.1159/000079202
https://doi.org/10.1097/00002093-200004000-00005
https://doi.org/10.1097/00002093-199709000-00004
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1016/S0010-9452(08)70864-5
https://doi.org/10.1111/jgs.15135
https://doi.org/10.1016/j.neuropsychologia.2019.107251
https://doi.org/10.1212/WNL.57.4.714
https://doi.org/10.1161/01.STR.27.1.30
https://doi.org/10.1080/23279095.2015.1004574
https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f213458094
https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f213458094
https://doi.org/10.1080/01688639708403859
https://doi.org/10.1076/jcen.24.6.745.8399
https://doi.org/10.1093/geronb/54b.2.p100
https://doi.org/10.1016/s0197-4580(02)00066-0
https://doi.org/10.1046/j.1532-5415.2002.50367.x
https://doi.org/10.1017/s1041610294001717

	Neuropsychological differential diagnosis of Alzheimer’s disease and vascular dementia: a systematic review with meta-regressions
	1. Introduction
	1.1. Neuropathology and cognitive deficits in AD and VaD
	1.2. Motor functioning and apraxia
	1.3. Processing speed and attention
	1.4. Executive functioning and reasoning
	1.5. Language
	1.6. Memory
	1.7. Visuo-spatial processing
	1.8. Other domains
	1.9. Issues in research and clinical praxis
	1.10. Previous reviews and meta-analyses
	1.11. The present study

	2. Methods
	2.1. Eligibility criteria
	2.2. Information sources, search strategy and selection process
	2.3. Data collection process and data items
	2.4. Study risk of bias assessment
	2.5. Effect measures
	2.6. Synthesis methods
	2.7. Sensitivity analyses of prior distribution choice
	2.8. Study quality sensitivity analyses
	2.9. Certainty assessment

	3. Results
	3.1. Risk of bias assessment: median Newcastle-Ottawa scale scores
	3.2. Apraxia and motor functioning
	3.3. Attention
	3.4. Executive functioning
	3.5. Visuo-spatial processing
	3.6. Language production
	3.7. Memory
	3.8. Other domains
	3.9. Results of individual studies and risk of bias assessment results
	3.10. Sensitivity analyses of prior distribution choice
	3.11. Sensitivity analyses to quality of studies

	4. Discussion
	4.1. AD patients are superior in verbal working memory and other executive functions
	4.2. AD patients display greater impairment of memory function
	4.3. Influence of VaD and AD subtypes
	4.4. Visuo-spatial processing is less impaired in VaD
	4.5. No support for differences in other domains and measures
	4.6. Our findings in the context of previous reviews
	4.7. Implications for the clinical praxis

	5. Outlook
	6. Limitations
	7. Conclusion
	Data availability statement
	Author contributions

	 References

