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Abstract: Dementia remains an underdiagnosed syndrome, and there is a need to improve the early 
detection of cognitive decline. This narrative review examines the role of neuropsychological assess-
ment in the characterization of cognitive changes associated with dementia syndrome at different 
states. The first section describes the early indicators of cognitive decline and the major barriers to 
their identification. Further, the optimal cognitive screening conditions and the most widely ac-
cepted tests are described. The second section analyzes the main differences in cognitive perfor-
mance between Alzheimer’s disease and other subtypes of dementia. Finally, the current challenges 
of neuropsychological assessment in aging/dementia and future approaches are discussed. Essen-
tially, we find that current research is beginning to uncover early cognitive changes that precede 
dementia, while continuing to improve and refine the differential diagnosis of neurodegenerative 
disorders that cause dementia. However, neuropsychology faces several barriers, including the cul-
tural diversity of the populations, a limited implementation in public health systems, and the adap-
tation to technological advances. Nowadays, neuropsychological assessment plays a fundamental 
role in characterizing cognitive decline in the different stages of dementia, but more efforts are 
needed to develop harmonized procedures that facilitate its use in different clinical contexts and 
research protocols. 
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1. Introduction 
The term dementia, which has a Latin origin (“without mind”), has undergone 

changing definitions throughout history [1]. Today, in a nutshell, it is defined as a syn-
drome consisting of signs and symptoms caused by a variety of diseases that eventually 
lead to significant cognitive, behavioral, and functional impairments [2,3]. The fifth edi-
tion of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) provides an 
updated framework for diagnosing dementia under the name of “Major Neurocognitive 
Disorder”, which offers a broader medical definition than the classical dementia concept 
[4]. Essentially, there must be a significant cognitive decline from a previous level of per-
formance in one or more cognitive domains (i.e., memory impairment is no longer essen-
tial for diagnosis), with a significant interference in activities of daily living (ADLs). This 
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evidence should be based on the concern of the individual or a reliable informant (e.g., 
relative, clinician) and objectifiable by standardized neuropsychological testing. In addi-
tion, it is necessary to specify whether the disorder is accompanied by a behavioral dis-
turbance [5]. It is noteworthy that the number of people living with dementia worldwide 
is expected to increase from 57.4 million in 2019 to nearly 153 million in 2050 [6]. Therefore, 
there is a critical need for public health planning efforts and policies to address the needs 
of this population. 

Dementia-related brain changes are known to begin years before the clinical diagno-
sis [7]. Thus, several entities have been described that attempt to define the intermediate 
(i.e., predementia) state between normal cognitive aging and dementia [8], as shown in 
Table 1. Among these predementia constructs, “mild cognitive impairment” (MCI) is the 
one that has gained greater popularity [9]. The term MCI was proposed by Petersen et al. 
[10] to identify subjects with isolated memory problems who showed an increased prob-
ability of developing Alzheimer’s disease (AD). The International Working Group on Mild 
Cognitive Impairment (IWGMCI) updated this construct, pointing out that subjective 
complaints are no longer required and that other cognitive domains (e.g., language, exec-
utive functions) may be affected independently of memory, resulting in different cognitive 
phenotypes [11,12]. These new criteria include the distinction between amnestic and non-
amnestic MCI subtypes and whether cognitive impairment is limited to a single domain 
or multiple domains, providing etiological and prognostic characterizations of clinical 
utility. The IWGMCI consensus provided a flexible framework for MCI diagnosis and 
agreed that biomarkers could help elucidate clinical progression [12]. Given that access to 
biomarkers is usually very limited in diverse community settings (e.g., low-income coun-
tries) [13], neuropsychological assessment may play an important role in identifying cog-
nitive risk profiles in the prodromal stages of neurodegenerative diseases and dementia 
diagnosis [14–16].  

Table 1. A comparison of the different criteria for predementia constructs. 

 
Ebly et al., 
1995 [17] 

Petersen et al.,  
1999 [10] 

Winblad et al.,  
2004 [12] 

DSM-5 
2013 [4] 

ICD-11 
2019 [18] 

Designation 

Cognitive 
impairment 
no dementia 

(CIND) 

Mild cognitive 
impairment 

(MCI) 

Mild cognitive 
impairment 

(MCI) 

Mild  
neurocogni-
tive disorder            
(mild NCD) 

Mild 
neurocognitive 

disorder  
(mild NCD) 

Individual’s 
subjective 

complaints 
O Memory loss Cognitive  

Concerns 
Cognitive  
Concerns 

Cognitive  
Concerns 

Informant 
complaints 

O O O O O 

Professional 
suspicion O - - O O 

Objective 
memory  

impairment 
O X O O O 

Non-amnestic 
impairment O - O O O 

Social cogni-
tion impair-

ment a 
- - - O O 
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Functionality Variable Preserved 

Independent, 
less efficient at 
complex activi-

ties 

Staying inde-
pendent re-

quires strate-
gies 

Mild decline in 
complex activi-

ties 

Rule out 

Dementia, 
delirium, 

psychiatric 
conditions 

Dementia Dementia 
Delusions,  

mental disor-
ders 

Dementia, de-
lusions,  

mental disor-
ders, substance 

use 
Notes: O, optional; X, mandatory; -, not specified or not considered; a social cognition: cognitive 
processes involved in interacting with and understanding other people (e.g., emotion perception, 
theory of mind, social knowledge of rules and roles) [19]. 

Currently, subjective cognitive decline (SCD), described as subjective perceptions or 
complaints of cognitive impairment not detected by neuropsychological testing, is an in-
creasingly common medical concern [20,21]. In this context, ~40% of people aged 65 years 
or older experience some form of memory loss [21]. Even when SCD does not exceed the 
cutoffs of neuropsychological tests for objective cognitive impairment, this condition has 
been associated with an increased risk of cognitive decline and dementia [22,23]. The iden-
tification of this condition, as well as the detection of subtle cognitive changes, remains a 
challenge in healthcare systems [24]. Some of the reasons include time constraints, lack of 
collaboration among healthcare professionals, physicians’ difficulty differentiating be-
tween normal aging and MCI, or lack of expertise in cognitive assessment [24–27]. In ad-
dition, caution must be taken when assessing the cognitive status of minority samples 
(e.g., poorly educated, non-Western patients), as cultural factors such as schooling, ad-
ministration language, or culturally influenced items may impact cognitive performance, 
leading to higher rates of false positives for dementia [28–30]. 

The aim of this narrative review was to analyze and synthesize current knowledge in 
the field of the neuropsychological assessment of aging and dementia. First, we examined 
the key cognitive markers of cognitive decline and the main barriers to early detection. 
We also addressed the use of screening instruments in clinical care settings. Second, we 
proposed a brief guideline to streamline the differential diagnosis of AD and other de-
mentias. Finally, we discussed the current challenges of neuropsychological assessment 
in aging and dementia providing new insights for future research. 

2. Methods 
The present study is a narrative review of a complex and extensive topic. Articles 

were selected from sequential PubMed searches using the criteria for “best match” and 
most recent articles. The MeSH (Medical Subject Headings) were “dementia and early di-
agnosis”, which produced ~15,000 references. Also, we explored other MeSH such as 
“subjective cognitive decline and cognitive tests”, and “predementia and cognitive tests”. 
We also consulted the Cochrane Book for Systematic Reviews and Meta-Analysis Protocols 
checklist for guidance on the standard methods for reviews [31], and the QUADAS rec-
ommendations for evaluating test diagnostic accuracy [8,32]. Further, we reviewed the 
main expert consensus, task forces, and recommendations about these subjects, either in 
journals or in books. Cited or related articles were also considered for the study. We in-
cluded mostly English literature, but Spanish papers were also studied, including journals 
of different Spanish societies such as neurology, psychiatry, psychology, and geriatrics in 
the last ten years. The authors (neurologists and psychologists) are experts in the field 
who work at different hospitals and universities in Spain. They discussed the bibliography 
obtained and agreed on the final text. This review is in accordance with the Scale for the 
Assessment of Narrative Review Articles (SANRA) [33].  
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3. Detection and Screening for Cognitive Impairment  
3.1. Early Detection of Cognitive Changes 

Cognitive decline is known to be associated with the aging process, but individuals 
may experience it at different rates [34,35]. Given this interindividual variability, pre-
dementia constructs (i.e., intermediate states between healthy cognitive aging and demen-
tia) have been a research topic of great interest. This fact has led to the window of pre-
venting dementia, especially AD, from its earliest stages [8]. Accordingly, many pharma-
cologic and non-pharmacologic therapies have been used in individuals with predemen-
tia (e.g., MCI) to achieve this goal [36–38]. Two recent meta-analyses estimate that MCI 
affects more than 15% of people over 50 [39,40]. Notably, progression rates from MCI to 
dementia vary widely, from <1% to >50% [41]. These results may depend on the socio-
demographic characteristics of the population (e.g., age, sex, and income) and the study 
setting (e.g., clinical vs. community), among others. Although individuals with MCI have 
an increased risk of developing dementia [42,43], some of them remain stable over time 
(~37% to 67%) [44], or even return to cognitive normality (~8% to 25%) [45,46].  

The diagnosis of predementia or prodromal stages requires extensive biological, neu-
roimaging, and clinical assessment, including a comprehensive neuropsychological exam-
ination, which plays a prominent role [47]. The differentiation of predementia stages from 
cognitively normal individuals or mild dementia cases remains a challenge, especially in 
the general population [48–50]. Although comprehensive evidence-based guidelines for 
preclinical cognitive assessment do not yet exist, research on the prodromal dementia 
stages (particularly AD) has begun to delineate its earliest cognitive manifestations [51–
53]. In this context, the use of cognitive tests is proving useful in distinguishing cognitively 
healthy individuals from those in the stages of SCD, predementia, and mild dementia 
[54,55]. For instance, novel neuropsychological test paradigms (e.g., face–name associative 
memory, spatial pattern separation) show good accuracy in discriminating between 
healthy controls and participants with SCD [54].  

In recent years, research has demonstrated that physiological and cognitive changes 
are indeed present in pre-MCI individuals with AD biomarkers [56]. In this context, sig-
nificant changes in tasks assessing a variety of cognitive functions (e.g., episodic memory, 
semantic memory, language, and perception) have been found in the preclinical stage of 
AD [57]. Likewise, low cognitive performance on memory, attention, and executive tasks 
(i.e., Paragraph Initial Recall, Digit Symbol Test, and WAIS Digits Forward) predicts future 
decline, even in individuals at GDS stage 1 (i.e., without subjective or objective decline) 
[58].  

In people with SCD, performance on long-term verbal memory tasks have been sug-
gested as reliable indicators for estimating the risk of progression to AD [59]. In addition, 
global cognitive function and psychomotor speed have also been proposed as predictors 
of AD-type dementia in individuals with SCD and MCI [60]. In fact, verbal memory 
measures in combination with other cognitive domains (e.g., language, executive func-
tion, visual memory) have been associated with amyloid deposition and hypoconnectivity 
across brain networks, becoming excellent indicators of progression from MCI to AD 
[52,61]. Specific cognitive patterns (e.g., asymmetry in cognitive test performance) and the 
progression of neuropsychological changes may also serve as important markers of early 
disease, even before significant cognitive impairment occurs [62]. Taken together, these 
findings suggest that the study of cognitive profiles may assist clinicians in predicting an 
individual’s cognitive progression to dementia [59,63–65]. 

It is worth noting that a comprehensive neuropsychological assessment, rather than 
a single screening test, is critical for distinguishing participants with SCD from those with-
out self-reported cognitive complaints, or MCI from mild dementia [22,66,67]. Neuropsy-
chological assessment may provide clinicians promising markers of neurodegenerative 
diseases that cause dementia in a less invasive and cost-effective manner [68,69]. 
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Nevertheless, early cognitive markers require further investigation to promote their ap-
propriate implementation in clinical settings [70].  

An early diagnosis of dementia would potentially allow the involvement and sup-
port of the patient’s family, the initiation of treatments, and the delay of the patient’s in-
stitutionalization, ultimately reducing the healthcare costs associated with home and spe-
cialized services [71,72]. However, some perspectives suggest that the early diagnosis of 
dementia (e.g., at preclinical stages) in the absence of an effective treatment is not suffi-
ciently justified, increasing the suffering of the patient and family due to stigma and the 
anticipation of progressive disability [73,74]. In this context, some authors argue that a 
“timely diagnosis” (i.e., at the time of symptom onset) may be a more appropriate option 
[75]. Nevertheless, the public health system faces different challenges, including the lack 
of training in primary care services, delays of referrals, and difficulties in the transdisci-
plinary management of cases, which hinder the timely diagnosis of dementia [76–79]. 
These facts suggest the need to promote public and professional education on dementia 
diagnosis and improve the collaboration between health services. 

3.2. Screening for Cognitive Impairment  
Cognitive impairment (CI) refers to a significant decline in cognitive performance 

from a previous level, which is greater than expected by age. This decline is independent 
of age onset (e.g., CI in young adults), etiology (e.g., AD vs. stroke), clinical expression 
(i.e., cognitive profile), and degree of functional impairment (e.g., little or none in MCI, or 
significant in dementia). Further, a CI diagnosis should not depend on education and cul-
tural factors (i.e., language of administration) or the interaction between the clinician and 
the examinee [29,80].  

Despite the high prevalence, CI is underdiagnosed and affected individuals are 
largely unrecognized [81]. Currently, there is no evidence to justify population screening 
in asymptomatic individuals [82–86]. However, this is not incompatible with encouraging 
clinicians to be alert and sensitive to early signs of CI. In this context, a brief and accurate 
cognitive assessment is recommended to ensure early detection, which has shown benefits 
for the patients, family, and society [87,88]. To achieve this goal, cognitive instruments 
should demonstrate sufficient scientific rigor, including robust sensitivity, specificity, and 
predictive utility in culturally and linguistically diverse populations [51]. 

Given the time constraints in clinical practice, cognitive assessments are usually car-
ried out through the application of Brief Cognitive Tests (BCTs). Basically, BCTs should 
have the following characteristics and conditions [89]. First, screening tests should be brief 
considering the setting and circumstances. For instance, in some general neurology con-
sultations, instruments that take more than 15 min could be used, whereas in primary care, 
only instruments that take less than 5 min are suitable. Second, BCTs should be simple, ac-
cessible, and easy to use, requiring little instrumentation (i.e., paper and pencil) and training 
for its application. For this reason, it is also highly recommended that screening tests be 
freely available and free of charge. Third, in terms of population, screening tests should be 
applicable to all individuals, including illiterate/poorly educated individuals and those from 
other cultures. Thus, it will be necessary to have adequate normative values (e.g., age- and 
education-adjusted). In addition, BCTs should be adapted and validated in the context that 
they will be used. In fact, the Mini-Mental State Examination (MMSE; [90]) has shown dif-
ferences in sensitivity and specificity depending on the application setting [91]. This author 
showed that MMSE is reasonably effective in identifying dementia in specialized settings 
(e.g., memory clinics), but should not be used alone if the screening for dementia was nega-
tive. Conversely, in non-specialized settings (e.g., primary care), the only value of the MMSE 
is to rule out dementia in individuals with memory concerns. Finally, efforts should be made 
to include a multidomain examination (vs. exclusive memory-oriented evaluation), which 
could help to elucidate different and subtle forms of CI.  

Table 2 depicts a list of widely known international screening tests, indicating 
whether they meet the above characteristics. In particular, it specifies the approximate 
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time of administration, the domains assessed, whether it is freely available, the validation 
context (clinical or population-based setting), and the extent to which it is used in different 
countries. The reader should consider that there have been modifications of the original 
versions of each test over time, which are not mentioned. A paradigmatic example could 
be the 30-point MMSE [90], but there are also short (MMSE-12 and MMSE-20) [92], stand-
ardized [93], and longer versions in different languages [94,95], including the 100-point 
MMSE [96]. Moreover, we encourage clinicians to also include functional tests in the 
screening practice, especially in the presence of a reliable informant. The Functional As-
sessment Questionnaire [97], 8-item informant interview (AD8; [98]), or the Lawton IADL 
[99] are some examples. The table is intended to serve as a guide for the cognitive screen-
ing of people under suspicion of CI in various healthcare settings (e.g., primary and spe-
cialized medical settings). In this regard, clinicians should critically evaluate the appro-
priateness of these tests for their application context and the characteristics of the patients 
that will be assessed [100].  

Table 2. Cognitive screening instruments. 

Application 
Time 

Test Main 
Components 

Free 
Use 

Validation Data a 
W. ext. b Refs. 

C P 

<5 min 

AMTS-Hod-
kinson 

Short MS Yes Yes No ++ [101] 

CSI-D Short MS +  
Informant Yes Yes Yes +++ [102] 

CDT EF, VS Yes Yes Yes +++ [103,104] 

Delayed-Re-
call 

ME  
(logical/visual) Yes Yes Yes +++ [50,105] 

GPCOG 
OR, WM + CDT 

+ Informant Yes Yes No + [106] 

Mini-Cog ME + CDT Yes Yes Yes +++ [107] 

MIS ME (verbal de-
layed + cued) Yes Yes Yes ++ [108] 

Phototest ME (visual) Yes Yes No + [109] 

SPMSQ-
Pfeiffer 

Short MS Yes Yes No ++ [110] 

Short 
IQCODE 

ME  
+ Informant Yes Yes Yes ++ [111] 

Verbal  
fluency EF, LA Yes Yes Yes +++ 

[50,112,1
13] 

6-CIT OR, AT, WM, 
ME 

Yes Yes Yes ++ [114] 

5–10 min 

MMSE MS standard No Yes Yes +++ 
[90,92,93,

95] 

MoCA * 
OR, AT, LA, ME, 

EF, VS + CDT No Yes Yes +++ [115] 

QMCI 
OR, AT, ME, EF 

+ CDT Yes Yes No + [116] 

TMT (A&B) AT, EF Yes Yes Yes +++ [117,118] 
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RUDAS 
ME, PR, LA, JU, 

GN Yes Yes No + [119,120] 

7 Min 
Screen OR, ME, EF, VS Yes Yes No ++ [121,122] 

>15 min 
ACE-R 

AT, ME, VF, LA, 
VS Yes Yes Yes +++ [123] 

3MS Long MS Yes Yes Yes + [96] 
Notes: a Validations performed in clinical (C) and/or population-based samples (P); b W. ext.: world 
extension and language use, from low (+) to great (+++: Chinese, English, Spanish, and other lan-
guage), obtained from [124]. * May require more time. Test abbreviations: ACE-R: Addenbrooke’s 
Cognitive Examination Revised; AMTS: Abbreviated Mental Test; CDT: Clock Drawing Test. CSI-D: 
Community Screening Instrument for Dementia; GPCOG: General Practitioner Assessment of Cog-
nition; Mini-Cog: Mini-Cognitive Assessment Instrument; MIS: Memory Impairment Screen; 
MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; SPMSQ: Short 
Portable Mental Status Questionnaire; Short-IQCODE: Informant Questionnaire on Cognitive De-
cline in the Elderly; QMCI: Quick Mild Cognitive Impairment screen; RUDAS: Rowland Universal 
Dementia Assessment; 3MS: Modified Mini-Mental State; 6CIT: 6-item Cognitive Impairment Test. 
Domains: AT: attention; EF: executive functions; GN: gnosis; JU: judgement; LA: language; ME: 
memory; MS: mental status; OR: orientation; VF: verbal fluency; VS: visuospatial; WM: working 
memory. 

In addition to the BCTs listed in Table 2, other tests widely used in in Spain include 
the Memory Alteration Test (M@T) [125], the Eurotest [126], and the Leganes Cognitive 
Test (PCL) [127]. These tests have demonstrated adequate sensitivity and specificity in de-
tecting MCI and dementia (see [128–131] for a review). 

4. Neuropsychological Assessment and Differential Diagnosis of Dementia  
Detecting the onset of cognitive changes and distinguishing between different etio-

logically related disorders can be challenging. As the most common form of dementia, AD 
has been widely studied in the neuropsychological research field. However, this neuro-
degenerative disease is not the only proteinopathy that destroys healthy neurons and their 
connections [132,133]. Understanding the discrete cognitive, behavioral, and emotional 
profiles that arise from each disorder can help clinicians to distinguish among various 
types of dementia and suggest more precise rehabilitation strategies and programs. The 
following sections describe different forms of dementia and how they can be cognitively 
differentiated from AD. A general overview of common cognitive performance by type of 
dementia and cognitive domain is provided in Table 3. This knowledge should always be 
adapted to each patient and weighed against clinical judgment and the gold standard di-
agnosis for each neurodegenerative disease. 

Table 3. Summary of neuropsychological performance by dementia type. 

 AD PD-D DLB VaD bvFTD 

Memory 

Decreased ability to 
learn new information 
and a marked deficit in 
long-term recall, even 

with cues [134,135]. 

Impaired free re-
call memory, 
which usually 
improves with 

cueing [136]. The 
verbal and non-
verbal memory 
deficits are usu-

ally related to ex-
ecutive dysfunc-

tion [137]. 

May not be persis-
tent at early stages, 

but becomes evident 
as the disease pro-

gresses [138]. 
Free recall is often 

impaired, but tends 
to improve with 

cues [136]. 

Difficulties in learn-
ing new infor-

mation, probably re-
lated to attention or 

focus problems 
[139]. 

Amnesia may be 
present and ap-

pears to be a com-
bination of both 
executive-medi-

ated and storage-
based memory im-

pairments 

[140,141]. 
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Attention 

Decreased ability to 
concentrate and focus. 

Affected in early stages, 
especially in individu-
als with young onset 

and atypical syndromes 
[142]. 

Impaired and 
may fluctuate, 

more so than in 
AD [143]. 

Pronounced varia-
tions in attention 

and alertness [144]. 
Prominent deficits 

in selective, divided, 
and sustained atten-

tion [145,146]. 

Reduced choice re-
action times and ac-
curacy in sustained 
attention compared 
to AD patients [147]. 

Distractibility and 
attention deficits 

are often reported 
[148,149]. 

Language 

Impaired language 
skills (e.g., anomia, 

comprehension difficul-
ties) associated with se-
mantic memory deficit 

[150,151]. 

Naming is often 
impaired to a 

variable degree, 
yet frank lan-
guage impair-
ments are not 
present [136]. 

Deficits in compre-
hension, word pro-
duction, spontane-

ous speech, and 
reading, possibly 

secondary to seman-
tic memory, 

visuoperceptual, 
and executive defi-

cits [152]. 

Impairments in this 
area, while uncom-

mon, can vary 
greatly depending 
on the type, extent, 
location, and sever-

ity of CVD [153]. 

Some may show 
impaired word or 
object knowledge, 
motor speech defi-
cits, and grammat-
ical deficits in lan-
guage production 
or comprehension 

[148]. 

Executive           
functions 

Deficits in working 
memory, abstraction, 
conceptual reasoning, 
planning, fluency, or-

ganization, and mental 
flexibility, which may 
lead to social altera-

tions, difficulties in in-
strumental ADL, de-
pression, and ano-
sognosia [154,155]. 

Deficits in inter-
nal control of at-
tention, mental 
flexibility, plan-
ning, inhibitory 

control, and deci-
sion-making 

tasks [156]. Most 
impaired and 
fastest decline 

compared to AD 
and DLB coun-
terparts [157]. 

Significant deficits 
in initiation, persev-
eration, mental flexi-
bility, and working 
memory [145,146]. 
Faster decline in 

comparison to AD 
counterparts [157]. 

Disturbance in 
frontal-executive 

functions (i.e., plan-
ning, organizing, 

monitoring behav-
ior) is often the 

more salient feature 
[158]. Cognitive 

planning and men-
tal flexibility are 
considerably af-

fected even in the 
first stages [159]. 

Greater deficit in 
planning, mental 
flexibility, inhibi-
tion, and abstrac-
tion skills than in 
other cognitive 
abilities, which 

may lead to con-
crete thinking, 
perseveration, 

confabulation, and 
poor organization 

[160,161]. 

Visuospatial 
and visuocon-
structive skills 

Deficits in visual dis-
crimination, analysis, 
spatial judgment, and 
perceptual organiza-

tion, which can eventu-
ally lead to spatial diso-
rientation in daily life 
[162,163]. Impairment 
in both graphomotor 
(drawing) and non-

graphomotor (building 
and assembling) tasks 

[164]. 

Low perfor-
mance in visual 
discrimination, 
object percep-

tion, and 
visuoconstruc-

tive abilities 
[165]. 

Salience of impaired 
visual processing 

[138,145,146]. Lower 
performance in ob-
ject discrimination, 

overlapping figures, 
and visual counting 
tasks, and faster de-

cline than in AD 
[157,166,167]. 

Significant disturb-
ance of visuospatial 
abilities, including 

both object and spa-
tial perception [168]. 

Relatively pre-
served in the early 

stages [169]. 
In advanced 

stages, there is a 
decline in 

visuospatial func-
tion that is less 

pronounced than 
in AD counter-

parts [170]. 

Neuropsychiat-
ric symptoms 

Personality changes, 
anxiety, depression, 

emotional lability, agi-
tation, delusions [171]. 

Apathy, changes 
in personality 

and mood, hallu-
cinations, delu-

sions [143]. 

Visual hallucina-
tions, depression, 

apathy, anxiety, de-
lusions [144]. 

Apathy, irritability, 
anxiety, sadness, 

disinhibition [172]. 

Disinhibition, apa-
thy, perseverative, 
stereotyped, com-
pulsive behavior, 

hyperorality [148]. 
Notes: AD, Alzheimer’s disease; ADLs, activities of daily living; bvFTD, behavioral-variant frontotemporal dementia; CVD, cardio-
vascular disease; DLB, dementia with Lewy bodies; PD-D, Parkinson’s disease dementia; VaD, vascular disease.  
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4.1. Alzheimer’s Disease 
AD is an age-related degenerative brain disorder characterized by the abnormal ac-

cumulation of amyloidogenic plaques and neurofibrillary tangles in the brain, causing 
synapse loss and neuronal atrophy [173,174]. AD is the most common form of dementia, 
accounting for 60% to 80% of all dementia cases [25]. The most commonly used diagnostic 
criteria to characterize this disease have been established by the joint working group of 
the National Institute of Neurological and Communicative Disorders and Stroke 
(NINCDS) and the Alzheimer’s Disease and Related Disorders Association (ADRDA) 
[175], with recent updates provided by the National Institute on Aging—Alzheimer’s As-
sociation (NIA-AA) [174]. According to these working groups, the core clinical criteria of 
dementia due to AD includes (a) insidious onset; (b) clear-cut history of worsening cogni-
tion; (c) prominent cognitive deficit in memory (amnestic presentation), language, 
visuospatial skills, or executive functions (non-amnestic presentations); and (d) the diag-
nosis should not be applied in the presence of other substantial concomitant diseases (e.g., 
cerebrovascular disease). Cognitive dysfunction is usually accompanied by psychological 
and behavioral disturbances (e.g., personality changes, anxiety, depression, emotional la-
bility, agitation, delusions), leading to a marked decline in daily functioning [171].  

Typically, AD is characterized primarily by episodic memory impairment, temporal 
and spatial disorientation, and language and executive dysfunction, leading to subse-
quent impaired social functioning [154]. However, several studies report that AD is not a 
homogeneous entity, describing four atypical or non-amnestic forms (i.e., logopenic vari-
ant primary progressive aphasia (lvPPA), posterior cortical atrophy (PCA), behav-
ioral/dysexecutive variant (bvAD), and corticobasal syndrome (CBS). These forms differ 
from typical AD in age of onset and clinical presentation and may be related to underlying 
biological subtypes [176,177]. For this reason, a comprehensive clinical history and neu-
ropsychological assessment focusing on orientation, attention, language, praxis, memory, 
visuospatial skills, gnosis, and executive function are critical to characterize the patient’s 
cognitive presentation and differentiate it from the typical profiles of various diseases 
[178].  

4.2. Parkinson’s Disease 
Parkinson’s disease (PD) is characterized by the progressive loss of dopaminergic 

neurons of the substantia nigra pars compacta (SNpc) of the midbrain, as well as the pres-
ence of intracellular inclusions (i.e., Lewy bodies) [179]. This neurodegeneration manifests 
as slowness in initiating voluntary movements with progressive slowing (bradykinesia), 
accompanied by muscle rigidity, resting tremor, and/or postural instability unexplained 
by other causes (e.g., visual or vestibular dysfunction) [180]. Besides the classic motor 
symptoms, non-motor features like cognitive dysfunction are now widely accepted as part 
of the clinical profile of the disease [181]. The prevalence of dementia in PD (PD-D) is 
estimated to be between 20% and 40% [182,183]. Currently, the Movement Disorder Soci-
ety is a working group that provides clinical diagnostic criteria for probable and possible 
PD-D [184]. They describe the core features as (a) a diagnosis of PD according to Queen 
Square Brain Bank criteria, and (b) an insidious and slowly progressive dementia syn-
drome (i.e., impairment in more than one cognitive domain, decline from premorbid level, 
and compromised ADL), which develops in the context of established PD and is diag-
nosed by history, clinical, and mental examination. This profile can be associated with 
other behavioral features like apathy, changes in personality and mood (e.g., depression, 
anxiety, or emotional incontinence), hallucinations (mostly visual), delusions and exces-
sive daytime sleepiness [143]. 

The expected cognitive features of patients with PD-D are fluctuating attention, def-
icits in executive functions, visuospatial abilities, and verbal and visual memory, with 
mostly preserved language function [136,183]. Hence, tests related to executive functions 
(i.e., mental flexibility, planning, conceptualization, and abstraction abilities), as well as 
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attention and visuospatial tasks, are recommended [161]. Moreover, memory and lan-
guage tests may be essential to differentiate the PD cognitive profile from cortical demen-
tias such as AD. In this sense, patients with AD exhibit deficits in cognitive domains such 
as episodic memory, praxis, language, and arithmetic, whereas patients with PD-D tend 
to exhibit slower mental processing speed, dysexecutive deficits, and visuospatial and 
visuoconstructional deterioration, accompanied by frontal lobe alterations such as apathy 
and irritability [143,145,157,185]. The use of neuropsychological scales, such as the Scales 
for Outcomes in Parkinson’s disease-Cognition (SCOPA-Cog) [186] and the Parkinson’s 
Disease-Cognitive Rating Scale (PD-CRS) [187], could help clinicians identify patterns of 
cognitive impairment associated with PD.  

4.3. Dementia with Lewy Bodies 
Dementia with Lewy bodies (DLB) is a disease associated with abnormal deposits of 

alpha-synuclein protein in the brain (i.e., Lewy bodies). These deposits affect brain chem-
icals, which can cause fluctuating cognitive impairment, visual hallucinations, extrapy-
ramidal motor features, and sleep behavior disorder [188]. Approximately 5% of older 
people with dementia present evidence of DLB only, although most people with DLB also 
have AD pathology [25]. The diagnosis of DLB is based on the revised consensus reached 
by the Consortium on Dementia with Lewy Bodies [144]. This working group stablish the 
following core clinical features: (a) fluctuating cognition with pronounced variations in 
attention and alertness; (b) recurrent and detailed visual hallucinations; (c) sleep disorder; 
(d) one or more spontaneous cardinal features of parkinsonism (i.e., bradykinesia, rest 
tremor, or rigidity). These symptoms occur early and may persist during the course of the 
disease.  

DLB has overlapping clinical and neuropathologic features with AD and PD-D, mak-
ing the differential diagnosis complex. Concerning PD-D, a distinction has been proposed 
regarding the timing of the onset of motor and cognitive symptoms, as DLB is associated 
with cognitive impairment from the early stages and extrapyramidal motor features are 
often mild or absent until the late stages, whereas in PD-D, early and prominent extrapy-
ramidal motor features are present first, with neuropsychiatric and cognitive symptoms 
appearing later [188]. Nonetheless, the distinction between PD and DLB is still a matter of 
controversy [189]. Meanwhile, AD is distinguished from both conditions by the fact that 
DBL and PD-D may show marked fluctuations in cognitive impairment and by the high 
prevalence of visual hallucinations [136]. Moreover, patients with DLB often have dispro-
portionately severe deficits in executive function (i.e., initiation, perseveration, mental 
flexibility, and working memory), attention (i.e., selective, divided and sustained), and 
perceptual motor processing, whereas their memory (i.e., verbal retention and recogni-
tion) and language (i.e., naming) deficits are generally less severe than in patients with 
AD [145,146]. The combination of attentional and visuoperceptual dysfunction, combined 
with relative preservation of memory and naming, can help differentiate DLB from AD in 
the early stages with substantial sensitivity (83.3%) and specificity (91.4%) [190]. In addi-
tion, the use of the Clinician Assessment of Fluctuation (CAF) [191] may help to capture 
fluctuating cognition and play a valuable role in differentiating DLB from AD [192].  

4.4. Vascular Dementia 
Vascular dementia (VaD) is understood as a cumulative decline in cognitive function-

ing secondary to multiple or strategically placed infarctions [193]. It is the most severe 
form within the spectrum of vascular cognitive impairment (VCI), defined as any cogni-
tive condition caused by or associated with vascular factors [194,195]. According to esti-
mates, 5 to 10% of individuals with dementia show evidence of vascular dementia alone, 
with mixed dementias being the most frequently observed [196]. One of the most widely 
used diagnostic criteria for VaD has been the National Institute of Neurological Disorders 
and Stroke–Association Internationale pour la Reserche et l’Enseignement en Neurosci-
ence (NINDS/AIREN) [197]. More recently, the Vascular Impairment of Cognition 
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Classification Consensus Study (VICCCS) guideline has been proposed [198]. Both work-
ing groups claim neuropsychological testing to demonstrate clinically significant deficits 
in at least one cognitive domain that result in impaired instrumental ADL. In addition, 
imaging evidence of cerebrovascular disease must accompany this demonstration. VaD is 
also frequently associated with psychological and behavioral symptoms (e.g., apathy, ir-
ritability, anxiety, sadness, disinhibition), with 81.1% showing at least one of them [172].  

The neuropsychological assessment of patients with suspected vascular pathology 
should include core domains like executive function, attention, memory, language, and 
visuospatial function [198]. Research in this field suggests that predominant cognitive def-
icits in VCI are related to executive functions (i.e., verbal fluency, mental flexibility, pro-
cessing speed, working memory, abstraction, reasoning), and attentional and slowed psy-
chomotor function, with relative preservation of language and memory recognition tasks 
[145]. Although the cognitive profile of VaD is relatively established, controversy remains 
about the involvement of each cognitive domain. This may make sense in the context of 
the diversity of vascular etiologies and their severity, which makes it difficult to distin-
guish from other types of dementia [158,199]. The use of delayed recall tasks and evidence 
of predominant episodic memory impairment due to encoding and storage problems in 
patients with AD may help differentiate AD from VaD [199]. In this context, the use of 
semantic clustering indices in verbal learning tasks has demonstrated their ability to dis-
criminate between AD and VaD [200,201]. In the study by Gaines et al. (2006), only the AD 
group showed a significant decrease in the ratio of semantic clustering from the last learn-
ing trial to delayed recall and poorer performance on other measures of semantic pro-
cessing than controls (e.g., HVLT-R semantically related false positives, Boston Naming 
Test). On the contrary, executive dysfunction (i.e., planning, organizing, and monitoring 
behavior) and mental slowness should be prominent in VCI [158,159]. In terms of cogni-
tive screening, the MoCA has shown good accuracy and reliability in detecting and dif-
ferentiating mild VCI and VaD [202]. In addition, the Scientific Department of Cognitive 
Neurology and Aging of the Brazilian Academy of Neurology has proposed recommen-
dations for the comprehensive cognitive, functional, and behavioral assessment of VaD 
[203]. Lastly, the Modified Hachinski Ischemic Score [204] may also assist the clinician in 
suspecting VaD and distinguishing it from AD. 

4.5. Frontotemporal Dementia 
Frontotemporal dementia (FTD) is a clinical–pathological condition comprising a 

heterogeneous group of clinical syndromes marked by progressive focal neurodegenera-
tion of the frontal and anterior temporal lobes [205]. FTD includes three clinical syn-
dromes based on its early and predominant symptoms: behavioral variant frontotemporal 
dementia (bvFTD), semantic dementia (SD), and progressive non-fluent aphasia (PNFA) 
[206]. FTD accounts for approximately 3–10% of all cases of dementia, with the behavioral 
variant (bvFTD) being the most common subtype [25]. An international consortium has 
developed revised guidelines for diagnosing this variant of FTD [148]. This working 
group defines the progressive deterioration of behavior and cognition as the core symp-
toms of bvFTD, which are represented by at least three of the following symptoms: (a) 
behavioral disinhibition; (b) apathy or inertia; (c) loss of sympathy or empathy; (d) per-
severative, stereotyped, or compulsive/ritualistic behavior; (e) hyperorality and dietary 
changes; and (f) executive/generation deficits with relative sparing of memory and 
visuospatial functions. 

Although these symptoms seem to outline a very clear clinical profile, the differential 
diagnosis between bvFTD and AD is complex. In this sense, a significant percentage of 
individuals with bvFTD show memory impairment (i.e., storage and consolidation), 
whereas a substantial percentage of those with AD show behavior changes and executive 
dysfunction, especially the behavioral/dysexecutive variant [140,169]. However, the dis-
inhibition symptoms exhibited by patients with bvFTD in early and advanced stages can 
serve as a highly valuable measure to distinguish them from patients with AD [141]. 
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It has also been observed that patients with bvFTD perform significantly worse than 
patients with AD on phonological (vs. semantic) fluency tests, but significantly better on 
tests of memory and visuospatial abilities [169], although this trend is not observed in all 
studies [141]. An analysis of performance characteristics (i.e., error types) could also en-
hance the distinction between FTD and AD [160,207]. Accordingly, these authors claim 
that patients with FTD typically exhibit features associated with frontal lobe dysfunction, 
such as concrete thinking, perseveration, confabulation, and poor organization, which 
may be associated with impaired performance on a variety of neuropsychological tests. 
Finally, patients with bvFTD show a more pronounced impairment in emotion processing 
than patients with AD, which includes failing to recognize facial expressions of basic emo-
tions [169,208]. The screening tests and neuropsychological batteries that may assist the 
clinician in characterizing bvFTD are the INECO Frontal Screening (IFS) [209], the FRON-
TIER Executive Screen (FES) [210], the Executive and Social Cognition Battery (ESCB) 
[211], and the Frontal Assessment Battery (FAB) [212]. 

5. Discussion 
This review reaffirms the usefulness of neuropsychological assessment in the early 

detection of cognitive changes associated with progression to dementia and the character-
ization of its different forms. However, this field continues to evolve, and neuropsycholo-
gists still face several challenges. For instance, the cognitive markers of preclinical stages 
of neurological diseases causing dementia are not yet operationalized, making it difficult 
to delineate clinical guidelines that streamline the detection of early signs of CI in 
healthcare settings [70]. Therefore, more efforts are being made to characterize cognitive 
decline from its earliest stages (i.e., SCD), delineating those profiles that are more suscep-
tible to progression to MCI and AD dementia (e.g., [213]). In addition, research on these 
subtle early symptoms has focused primarily on AD, neglecting other cognitive trajecto-
ries that may be characteristic of other forms of dementia progression. It should be noted 
that SCD has been associated with psychological and personality factors (e.g., stress, neu-
roticism) [214], lifestyle and health habits [215–217], and cognitive reserve [218,219]. How-
ever, no conclusive causal relationships have been described, nor how these factors are 
associated with the SCD subtype [220].  

Primary care is a critical setting for detecting the first cognitive concerns reported by 
patients and/or their families. These professionals face additional barriers to detect CI, 
such as lack of time or expertise in cognitive functioning and its assessment [25,27]. For 
this reason, there is a critical need to promote accessible training programs and develop 
sensitive, standardized, and easy-to-use dementia screening tests [129,221]. In addition, 
many traditional neuropsychological tests are unsuitable for diverse populations due to 
their reliance on school-based skills (e.g., reading and writing), the need for culturally 
dependent skills, and the lack of representative norms, which may favor the occurrence 
of false-positive cases of CI in low educated and/or non-Caucasian individuals [30,222–
224]. Therefore, in addition to the training of primary care professionals, more efforts 
should be made to adapt the cognitive assessment practices for older adults, a population 
that is highly diverse in terms of culture, language, and education [80].  

The early detection of dementia could lead to savings from delayed institutionaliza-
tion, making it a potential cost-effective investment [72,225]. For example, it could provide 
early access to available pharmacological and psychosocial treatments. Nowadays, cho-
linesterase inhibitors such as donepezil, rivastigmine, and galantamine are used to man-
age mild to moderate symptoms, while glutamate antagonists such as memantine is pre-
scribed for moderate to severe AD symptoms (see [226–229] for a review). Moreover, anti-
amyloid immunotherapy in symptomatic AD (i.e., reducing the neurotoxic effects of Aβ) 
and other approaches (e.g., inhibiting microglial receptors, reducing inflammation) in the 
preclinical stage of AD have gained interest [53,230,231]. However, the relationship be-
tween Aβ and clinical progression remains unclear, and no protective or regenerative 
drug has yet been identified [231–233]. In this context, psychosocial interventions that 
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emphasize patients’ lifestyle factors and behaviors (e.g., physical exercise, relaxation, art 
therapy, sensory and behavioral interventions) are receiving more attention [234,235]. In 
the absence of curative treatment, there is still an open debate about the need for wide-
spread “early diagnosis” in the general population [71,78]. Instead, “timely diagnosis” is 
proposed, allowing people to be diagnosed at the time of symptom onset. Brooker et al. 
[78] argue that this would maximize the benefits and reduce the harm associated with 
earlier diagnosis, including reducing the stigma of dementia, recognizing how the diag-
nosis may affect subsequent psychosocial adjustment, and providing post-diagnosis sup-
port for individuals and their families. Given the current limitations for detecting CI on 
time, it is worth asking whether this debate makes sense [236–238]. To this end, collabo-
rative and transdisciplinary working groups are needed to provide early professional sup-
port to patients and caregivers, including diagnostic assistance and holistic interventions 
[72,79,239]. 

In specialized contexts, a more comprehensive assessment is generally required, con-
sisting of a neuropsychological toolset that focuses on different cognitive domains (e.g., 
language, memory, attention), ADL, and behavioral and emotional characteristics [49]. 
Researchers are coming closer to defining the cognitive profile characteristics of different 
types of dementia. However, cognitive signs often overlap between pathologies, making 
it difficult to discern the underlying etiology. The social, emotional, and behavioral symp-
toms (e.g., emotional lability, personality changes, abnormal social behavior), known to 
be common in neurodegenerative disorders, are usually addressed in a complementary 
manner [162,240]. Incorporating variables such as social cognition (in line with DSM-5 
guidelines), emotional fluctuations, or disruptive behavior into standard neuropsycholog-
ical assessment may provide relevant information to guide differential diagnosis and rec-
ommendations for daily functioning [221]. 

As technology has become more accessible, interest in adapting neuropsychological 
assessment to the digital format has grown rapidly in research settings [221]. For instance, 
digital devices could streamline standardization processes across larger populations or 
extend the monitorization of cognitive–functional changes beyond the clinician’s office. 
However, there are still numerous challenges that hinder the implementation of these new 
tools in clinical practice. These include a lack of consensus among experts, difficulties in 
interpreting results, the digital divide among older adults, ethical and privacy concerns, 
or tool updates that may affect the psychometric properties of the tests used [241,242]. 
While digital assessments, especially those that are supervised, demonstrate good concur-
rent validity and expected associations (i.e., with biomarkers, age, and clinical status), they 
may show insufficient comparability with traditional in-person versions, suggesting that 
the underlying constructs or difficulty levels are slightly different [243,244]. Ultimately, 
digital technology offers a promising approach for the early detection of clinical changes. 
Nonetheless, further consensus in terms of development and implementation are required 
according to the clinical and scientific principles underlying a standardized neuropsycho-
logical assessment [245]. 

This research is not without limitations. As a narrative review, the selection of the 
studies relies on the authors’ criteria, which partially limits the generalizability of the re-
sults. However, this research was carried out by experts in the field who tried to reflect 
the current state of the art based on extensive and recognized international databases. Alt-
hough this narrative review lacks the methodological rigor of a systematic review, it may 
be a better option to address a specific topic in a broader way [33]. Moreover, the quality 
of the studies included in this review was not explicitly assessed. Nevertheless, we have 
followed the QUADAS and SANRA recommendations to ensure the appropriateness of 
the studies included in this review [32,33]. Therefore, we provide a useful comprehensive 
overview of the early cognitive changes associated with dementia for researchers and cli-
nicians, including differential characteristics of dementia subtypes. In any manner, it is 
recommended to apply the information contained in this review according to the charac-
teristics of the sociocultural context.  
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6. Conclusions 
Neuropsychological measures can provide reliable indicators of the presence of cog-

nitive decline, while being cost-effective and minimally invasive. Clinical and experi-
mental neuropsychological research is beginning to uncover the earliest preclinical cogni-
tive changes that might predict the subsequent development of dementia. Moreover, it 
has delineated different cognitive profiles that distinguish AD from other age-associated 
neurodegenerative disorders, which enhances an accurate differential diagnosis of de-
mentia subtypes. However, there are many challenges to overcome in the field. Study 
populations are becoming more diverse in terms of education, language, and culture, em-
phasizing the need to adapt the assessment strategies. The rapid advance of technology 
offers promising test application formats, although some barriers need be reconsidered if 
valid assessments are to be made. Finally, neuropsychological assessment plays a funda-
mental role in characterizing the early stages of cognitive decline, but there should be a 
commitment to developing harmonized procedures that facilitate the universal use of 
such assessment in different clinical contexts and research protocols. 

7. Future Directions 
Neuropsychological assessment plays a key role in detecting the early clinical signs 

of CI. However, prospective studies are still needed to investigate the preclinical cognitive 
profile underlying each of the neurodegenerative diseases that cause dementia in combi-
nation with biomarkers that accurately measure the progression of brain changes. To this 
end, expanding the study of cognitive performance at early stages of non-AD neurodegen-
erative diseases, such as VaD and FTD, is also necessary. Understanding the cognitive 
changes that precede dementia may enable neuropsychologists to develop and validate 
novel cognitive paradigms, which serve as frameworks for designing sensitive tasks to 
these early alterations. In this context, special attention should be paid to covariates that 
have been shown to influence cognitive performance (e.g., literacy, cultural background, 
lifestyle factors). In addition, each neuropsychological test should present normative data 
adapted to the target populations. Ultimately, characterizing the cognitive and psycho-
logical profiles of individuals at higher dementia risk (e.g., individuals with SCD) will 
facilitate the development of accurate tests to detect subtle CI at its earliest stages. Fur-
thermore, these profiles may help to improve tailored prevention and intervention strate-
gies. 

Regarding dementia diagnosis, harmonizing protocols to different contexts (i.e., pri-
mary care, specialized medicine, memory clinics, or laboratories) could reduce the heter-
ogeneity of methods across research studies and clinical approaches. These protocols 
should then consider the specificities of each application setting (e.g., application time, 
professionals’ training). Further, more studies are needed comparing the clinical utility of 
screening and diagnosis protocols in non-specialized (e.g., primary care) and specialized 
(e.g., memory clinics) settings. Regarding assessment protocols in specialized settings, it 
is important to emphasize the need to include emotional (e.g., apathy, lability), behavioral 
(e.g., disinhibition, agitation), and social (e.g., social cognition) variables that may be as-
sociated with incipient CI. Lastly, quantitative and qualitative assessment of cognitive do-
mains should be accompanied by an analysis of emotional responses (e.g., frustration, 
catastrophizing, indifference). Attention to psychological and socio-behavioral symptoms, 
in addition to cognitive variables, can provide clinicians with highly relevant information 
to guide differential diagnosis and recommendations for daily functioning. 

In-person neuropsychological assessment is considered the gold standard for the 
clinical diagnosis and characterization of individuals with CI, but digital evaluation and 
artificial intelligence (AI) may certainly play an important role in the future. Basically, 
digital assessment can potentially reduce the burden on the evaluator, allowing cost-ef-
fective data collection and improving standardization methods, which makes it promising 
for CI screening. Videoconferencing may be also interesting for vulnerable individuals or 
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those living in remote areas (see [244] for a review). Similarly, AI can provide an oppor-
tunity to reach these populations by offering remote assessments through digital tools 
such as chatbots or avatars [246]. In addition, the use of AI techniques (e.g., machine learn-
ing algorithms) may assist clinicians to interpret neuropsychological data, making diag-
nostic decisions and predicting cognitive outcomes [247–249]. Ultimately, these novel 
tools for evaluating and analyzing information can improve personalized assessment and 
intervention strategies. To this end, it will be important to adopt scientifically and ethically 
sound practices in the development and adoption of digital health assessment strategies. 
The collaboration of experts from other disciplines, such as computer science, statistics, or 
even legal experts, will be crucial to ensure privacy and ethical issues. 

Author Contributions: P.A. contributed to data collection and wrote the original draft. C.C. also 
contributed to the preparation of the first draft. B.F.-C. contributed to the design, and F.B.-P. played 
a role in the reviewing and editing of subsequent versions of the paper. I.C. was involved in the 
project management, conceptualization, and supervision of the research. G.S.-B., J.P.-C. and V.P.-M., 
made substantial contributions and reviewed several versions of the paper (abstract, text, and ta-
bles). All authors have read and agreed to the published version of the manuscript. 

Funding: Patricia Alzola is funded by the Ministry of Science, Innovation and Universities of Spain 
through the Grants for University Teacher Training FPU 2022 (Ref. FPU22/02012). Gonzalo Sánchez-
Benavides is supported by the Instituto de Salud Carlos III (ISCIII) through the project CP23/00039 
(Miguel Servet contract), co-funded by the European Union (FSE+). Bernardino Fernández-Calvo 
holds a grant from the Beatriz Galindo Program in the Department of Psychology at the University 
of Córdoba (ref. BEA-GAL18/00006). Israel Contador is supported by the Salvador Madariaga Re-
search Program (ref. PRX22/00313) from the Spanish Ministry of Universities (Spain). 

Conflicts of Interest: Cristóbal Carnero declares the authorship of the screening instruments Euro-
test and Phototest, both included in this manuscript. Both are free to use under the Creative Com-
mons License and may be used on a personal and individual basis under specific conditions (CC 
BY-NC-ND 2.5). The rest of the authors declare no conflicts of interest. 

References 
1. Bermejo-Pareja, F.; Del Ser, T. Controversial Past, Splendid Present, Unpredictable Future: A Brief Review of Alzheimer Disease 

History. J. Clin. Med. 2024, 13, 536. https://doi.org/10.3390/jcm13020536. 
2. Gale, S.A.; Acar, D.; Daffner, K.R. Dementia. Am. J. Med. 2018, 131, 1161–1169. https://doi.org/10.1016/j.amjmed.2018.01.022. 
3. Sacuiu, S.F. Dementias. Handb. Clin. Neurol. 2016, 138, 123–151. https://doi.org/10.1016/B978-0-12-802973-2.00008-2. 
4. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; 5th ed.; Editoral Médica Panamericana: 

Washington, DC, USA, 2013; ISBN 978-0-89042-555-8. 
5. Sachdev, P.S.; Blacker, D.; Blazer, D.G.; Ganguli, M.; Jeste, D.V.; Paulsen, J.S.; Petersen, R.C. Classifying neurocognitive disor-

ders: The DSM-5 approach. Nat. Rev. Neurol. 2014, 10, 634–642. https://doi.org/10.1038/nrneurol.2014.181. 
6. GBD 2019 Dementia Forecasting Collaborators Estimation of the global prevalence of dementia in 2019 and forecasted preva-

lence in 2050: An analysis for the Global Burden of Disease Study 2019. Lancet Public Health 2022, 7, e105–e125. 
https://doi.org/10.1016/S2468-2667(21)00249-8. 

7. Beason-Held, L.L.; Goh, J.O.; An, Y.; Kraut, M.A.; O’Brien, R.J.; Ferrucci, L.; Resnick, S.M. Changes in Brain Function Occur 
Years before the Onset of Cognitive Impairment. J. Neurosci. 2013, 33, 18008–18014. https://doi.org/10.1523/JNEUROSCI.1402-
13.2013. 

8. Bermejo-Pareja, F.; Contador, I.; Del Ser, T.; Olazarán, J.; Llamas-Velasco, S.; Vega, S.; Benito-León, J. Predementia constructs: 
Mild cognitive impairment or mild neurocognitive disorder? A narrative review. Int. J. Geriatr. Psychiatry 2020, 36, 743–755 
https://doi.org/10.1002/gps.5474. 

9. Petersen, R.C. Clinical practice. Mild cognitive impairment. N. Engl. J. Med. 2011, 364, 2227–2234. 
https://doi.org/10.1056/NEJMcp0910237. 

10. Petersen, R.C.; Smith, G.E.; Waring, S.C.; Ivnik, R.J.; Tangalos, E.G.; Kokmen, E. Mild cognitive impairment: Clinical characteri-
zation and outcome. Arch. Neurol. 1999, 56, 303–308. https://doi.org/10.1001/archneur.56.3.303. 

11. Petersen, R.C.; Lopez, O.; Armstrong, M.J.; Getchius, T.S.D.; Ganguli, M.; Gloss, D.; Gronseth, G.S.; Marson, D.; Pringsheim, T.; 
Day, G.S.; et al. Practice guideline update summary: Mild cognitive impairment: Report of the Guideline Development, Dis-
semination, and Implementation Subcommittee of the American Academy of Neurology. Neurology 2018, 90, 126–135. 
https://doi.org/10.1212/WNL.0000000000004826. 



J. Clin. Med. 2024, 13, 3442 16 of 26 
 

 

12. Winblad, B.; Palmer, K.; Kivipelto, M.; Jelic, V.; Fratiglioni, L.; Wahlund, L.-O.; Nordberg, A.; Bäckman, L.; Albert, M.; Almkvist, 
O.; et al. Mild cognitive impairment—Beyond controversies, towards a consensus: Report of the International Working Group 
on Mild Cognitive Impairment. J. Intern. Med. 2004, 256, 240–246. https://doi.org/10.1111/j.1365-2796.2004.01380.x. 

13. Karikari, T.K. Blood Tests for Alzheimer’s Disease: Increasing Efforts to Expand and Diversify Research Participation Is Critical 
for Widespread Validation and Acceptance. J. Alzheimers Dis. 2022, 90, 967–974. https://doi.org/10.3233/JAD-215730. 

14. Donders, J. The incremental value of neuropsychological assessment: A critical review. Clin. Neuropsychol. 2020, 34, 56–87. 
https://doi.org/10.1080/13854046.2019.1575471. 

15. García-Escobar, G.; Puig-Pijoan, A.; Puente-Periz, V.; Fernández-Lebrero, A.; María Manero, R.; Navalpotro-Gómez, I.; Suárez-
Calvet, M.; Grau-Rivera, O.; Contador-Muñana, J.; Cascales-Lahoz, D.; et al. NEURONORMA Cognitive Battery Associations 
with Cerebrospinal Fluid Amyloid-β and Tau Levels in the Continuum of Alzheimer’s Disease. J. Alzheimers Dis. 2023, 92, 1303–
1321. https://doi.org/10.3233/JAD-220930. 

16. Watt, S.; Crowe, S.F. Examining the beneficial effect of neuropsychological assessment on adult patient outcomes: A systematic 
review. Clin. Neuropsychol. 2018, 32, 368–390. https://doi.org/10.1080/13854046.2017.1414885. 

17. Ebly, E.M.; Hogan, D.B.; Parhad, I.M. Cognitive impairment in the nondemented elderly. Results from the Canadian Study of 
Health and Aging. Arch. Neurol. 1995, 52, 612–619. https://doi.org/10.1001/archneur.1995.00540300086018. 

18. Mental Health and Substance Use (MSD) Clinical descriptions and diagnostic requirements for ICD-11 mental, behavioural and neurode-
velopmental disorders (CDDR); World Health Organization: Geneva, Switzerland, 2019; ISBN 978-92-4-007726-3. 

19. Kessels, R.P.C.; Waanders-Oude Elferink, M.; van Tilborg, I. Social cognition and social functioning in patients with amnestic 
mild cognitive impairment or Alzheimer’s dementia. J. Neuropsychol. 2021, 15, 186–203. https://doi.org/10.1111/jnp.12223. 

20. Pentzek, M.; Leve, V.; Leucht, V. Subjective memory impairment in general practice : Short overview and design of a mixed 
methods study. Z. Gerontol. Geriatr. 2017, 50, 48–54. https://doi.org/10.1007/s00391-017-1207-5. 

21. Small, G.W. What we need to know about age related memory loss. BMJ 2002, 324, 1502–1505. 
22. Jessen, F.; Amariglio, R.E.; Buckley, R.F.; van der Flier, W.M.; Han, Y.; Molinuevo, J.L.; Rabin, L.; Rentz, D.M.; Rodriguez-Gomez, 

O.; Saykin, A.J.; et al. The characterisation of subjective cognitive decline. Lancet Neurol. 2020, 19, 271–278. 
https://doi.org/10.1016/S1474-4422(19)30368-0. 

23. Zuroff, L.; Wisse, L.E.; Glenn, T.; Xie, S.X.; Nasrallah, I.M.; Habes, M.; Dubroff, J.; de Flores, R.; Xie, L.; Yushkevich, P.; et al. Self- 
and Partner-Reported Subjective Memory Complaints: Association with Objective Cognitive Impairment and Risk of Decline. 
J. Alzheimers Dis. Rep. 2022, 6, 411–430. https://doi.org/10.3233/ADR-220013. 

24. Sabbagh, M.N.; Boada, M.; Borson, S.; Chilukuri, M.; Dubois, B.; Ingram, J.; Iwata, A.; Porsteinsson, A.P.; Possin, K.L.; Rabino-
vici, G.D.; et al. Early Detection of Mild Cognitive Impairment (MCI) in Primary Care. J. Prev. Alzheimers Dis. 2020, 7, 165–170. 
https://doi.org/10.14283/jpad.2020.21. 

25. Alzheimer’s Association 2022 Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2022, 18, 700–789. 
https://doi.org/10.1002/alz.12638. 

26. Parmar, J.; Dobbs, B.; McKay, R.; Kirwan, C.; Cooper, T.; Marin, A.; Gupta, N. Diagnosis and management of dementia in pri-
mary care: Exploratory study. Can. Fam. Physician Med. Fam. Can. 2014, 60, 457–465. 

27. Gaster, B.; Suchsland, M.Z.; Fitzpatrick, A.L.; Liao, J.M.; Belza, B.; Hsu, A.P.; McKiddy, S.; Park, C.; Olivari, B.S.; Singh, A.P.; et 
al. Evaluating Cognitive Impairment in a Large Health Care System: The Cognition in Primary Care Program. J. Alzheimers Dis. 
2024, 99, 493–501. https://doi.org/10.3233/JAD-231200. 

28. Arce Rentería, M.; Vonk, J.M.J.; Felix, G.; Avila, J.F.; Zahodne, L.B.; Dalchand, E.; Frazer, K.M.; Martinez, M.N.; Shouel, H.L.; 
Manly, J.J. Illiteracy, dementia risk, and cognitive trajectories among older adults with low education. Neurology 2019, 93, e2247–
e2256. https://doi.org/10.1212/WNL.0000000000008587. 

29. Kosmidis, M.H. Challenges in the neuropsychological assessment of illiterate older adults. Lang. Cogn. Neurosci. 2018, 33, 373–
386. https://doi.org/10.1080/23273798.2017.1379605. 

30. Watermeyer, T.; Calia, C. Neuropsychological assessment in preclinical and prodromal Alzheimer disease: A global perspective. 
J. Glob. Health 2019, 9, 010317. https://doi.org/10.7189/jogh.09.010317. 

31. Deeks, J.; Bossuyt, P.; Leeflang, M.; Takwoingi, Y. Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy; Version 
2.0 (updated July 2023); Cochrane, 2023. Available from https://training.cochrane.org/handbook-diagnostic-test-accuracy/cur-
rent. 

32. Whiting, P.; Rutjes, A.W.S.; Reitsma, J.B.; Bossuyt, P.M.M.; Kleijnen, J. The development of QUADAS: A tool for the quality 
assessment of studies of diagnostic accuracy included in systematic reviews. BMC Med. Res. Methodol. 2003, 3, 25. 
https://doi.org/10.1186/1471-2288-3-25. 

33. Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA-a scale for the quality assessment of narrative review articles. Res. Integr. 
Peer Rev. 2019, 4, 5. https://doi.org/10.1186/s41073-019-0064-8. 

34. Brito, D.V.C.; Esteves, F.; Rajado, A.T.; Silva, N.; Araújo, I.; Bragança, J.; Castelo-Branco, P.; Nóbrega, C. Assessing cognitive 
decline in the aging brain: Lessons from rodent and human studies. npj Aging 2023, 9, 23. https://doi.org/10.1038/s41514-023-
00120-6. 

35. Lövdén, M.; Fratiglioni, L.; Glymour, M.M.; Lindenberger, U.; Tucker-Drob, E.M. Education and Cognitive Functioning Across 
the Life Span. Psychol. Sci. Public. Interest. 2020, 21, 6–41. https://doi.org/10.1177/1529100620920576. 

36. Eshkoor, S.A.; Hamid, T.A.; Mun, C.Y.; Ng, C.K. Mild cognitive impairment and its management in older people. Clin. Interv. 
Aging 2015, 10, 687–693. https://doi.org/10.2147/CIA.S73922. 



J. Clin. Med. 2024, 13, 3442 17 of 26 
 

 

37. Frankish, H.; Horton, R. Prevention and management of dementia: A priority for public health. Lancet 2017, 390, 2614–2615. 
https://doi.org/10.1016/S0140-6736(17)31756-7. 

38. Rosenberg, A.; Mangialasche, F.; Ngandu, T.; Solomon, A.; Kivipelto, M. Multidomain Interventions to Prevent Cognitive Im-
pairment, Alzheimer’s Disease, and Dementia: From FINGER to World-Wide FINGERS. J. Prev. Alzheimers Dis. 2020, 7, 29–36. 
https://doi.org/10.14283/jpad.2019.41. 

39. Bai, W.; Chen, P.; Cai, H.; Zhang, Q.; Su, Z.; Cheung, T.; Jackson, T.; Sha, S.; Xiang, Y.-T. Worldwide prevalence of mild cognitive 
impairment among community dwellers aged 50 years and older: A meta-analysis and systematic review of epidemiology 
studies. Age Ageing 2022, 51, afac173. https://doi.org/10.1093/ageing/afac173. 

40. Hu, C.; Yu, D.; Sun, X.; Zhang, M.; Wang, L.; Qin, H. The prevalence and progression of mild cognitive impairment among clinic 
and community populations: A systematic review and meta-analysis. Int. Psychogeriatr. 2017, 29, 1595–1608. 
https://doi.org/10.1017/S1041610217000473. 

41. McGrattan, A.M.; Pakpahan, E.; Siervo, M.; Mohan, D.; Reidpath, D.D.; Prina, M.; Allotey, P.; Zhu, Y.; Shulin, C.; Yates, J.; et al. 
Risk of conversion from mild cognitive impairment to dementia in low- and middle-income countries: A systematic review and 
meta-analysis. Alzheimers Dement (N Y) 2022, 8, e12267. https://doi.org/10.1002/trc2.12267. 

42. Bermejo-Pareja, F.; Contador, I.; Trincado, R.; Lora, D.; Sánchez-Ferro, Á.; Mitchell, A.J.; Boycheva, E.; Herrero, A.; Hernández-
Gallego, J.; Llamas, S. Prognostic Significance of Mild Cognitive Impairment Subtypes for Dementia and Mortality: Data from 
the NEDICES Cohort. J. Alzheimers Dis. 2016, 50, 719–731. https://doi.org/10.3233/jad-150625. 

43. Petersen, R.C. Mild Cognitive Impairment. Continuum 2016, 22, 404–418. https://doi.org/10.1212/CON.0000000000000313. 
44. Pandya, S.Y.; Clem, M.A.; Silva, L.M.; Woon, F.L. Does mild cognitive impairment always lead to dementia? A review. J. Neurol. 

Sci. 2016, 369, 57–62. https://doi.org/10.1016/j.jns.2016.07.055. 
45. Ganguli, M.; Jia, Y.; Hughes, T.F.; Snitz, B.E.; Chang, C.-C.H.; Berman, S.B.; Sullivan, K.J.; Kamboh, M.I. Mild Cognitive Impair-

ment that Does Not Progress to Dementia: A Population-Based Study. J. Am. Geriatr. Soc. 2019, 67, 232–238. 
https://doi.org/10.1111/jgs.15642. 

46. Canevelli, M.; Grande, G.; Lacorte, E.; Quarchioni, E.; Cesari, M.; Mariani, C.; Bruno, G.; Vanacore, N. Spontaneous Reversion 
of Mild Cognitive Impairment to Normal Cognition: A Systematic Review of Literature and Meta-Analysis. J. Am. Med. Dir. 
Assoc. 2016, 17, 943–948. https://doi.org/10.1016/j.jamda.2016.06.020. 

47. Gomar, J.J.; Conejero-Goldberg, C.; Davies, P.; Goldberg, T.E.; Alzheimer’s Disease Neuroimaging Initiative Extension and re-
finement of the predictive value of different classes of markers in ADNI: Four-year follow-up data. Alzheimers Dement. 2014, 10, 
704–712. https://doi.org/10.1016/j.jalz.2013.11.009. 

48. Chun, C.T.; Seward, K.; Patterson, A.; Melton, A.; MacDonald-Wicks, L. Evaluation of Available Cognitive Tools Used to Meas-
ure Mild Cognitive Decline: A Scoping Review. Nutrients 2021, 13, 3974. https://doi.org/10.3390/nu13113974. 

49. Pérez Palmer, N.; Trejo Ortega, B.; Joshi, P. Cognitive Impairment in Older Adults: Epidemiology, Diagnosis, and Treatment. 
Psychiatr. Clin. North. Am. 2022, 45, 639–661. https://doi.org/10.1016/j.psc.2022.07.010. 

50. Serna, A.; Contador, I.; Bermejo-Pareja, F.; Mitchell, A.J.; Fernández-Calvo, B.; Ramos, F.; Villarejo, A.; Benito-León, J. Accuracy 
of a Brief Neuropsychological Battery for the Diagnosis of Dementia and Mild Cognitive Impairment: An Analysis of the NED-
ICES Cohort. J. Alzheimers Dis. 2015, 48, 163–173. https://doi.org/10.3233/JAD-150086. 

51. Curiel Cid, R.E.; Matias-Guiu, J.A.; Loewenstein, D.A. A review of novel Cognitive Challenge Tests for the assessment of pre-
clinical Alzheimer’s disease. Neuropsychology 2023, 37, 661–672. https://doi.org/10.1037/neu0000883. 

52. Mortamais, M.; Ash, J.A.; Harrison, J.; Kaye, J.; Kramer, J.; Randolph, C.; Pose, C.; Albala, B.; Ropacki, M.; Ritchie, C.W.; et al. 
Detecting cognitive changes in preclinical Alzheimer’s disease: A review of its feasibility. Alzheimers Dement. 2017, 13, 468–492. 
https://doi.org/10.1016/j.jalz.2016.06.2365. 

53. Rafii, M.S.; Aisen, P.S. Detection and treatment of Alzheimer’s disease in its preclinical stage. Nat. Aging 2023, 3, 520–531. 
https://doi.org/10.1038/s43587-023-00410-4. 

54. De Simone, M.S.; Rodini, M.; De Tollis, M.; Fadda, L.; Caltagirone, C.; Carlesimo, G.A. The diagnostic usefulness of experimental 
memory tasks for detecting subjective cognitive decline: Preliminary results in an Italian sample. Neuropsychology 2023, 37, 636–
649. https://doi.org/10.1037/neu0000846. 

55. Trimarchi, P.D.; Sanfilippo, E.; Gallucci, A.; Inglese, S.; Tomasini, E.; Fontanella, A.; Rebecchi, I.; Fracchia, S.; Parisi, P.M.R.; 
Tartarone, F.; et al. Signs and symptoms method in neuropsychology: A standardized observational examination of cognitive 
functions can be effective in detecting mild cognitive impairment. Neuropsychology 2023, 37, 846–857. 
https://doi.org/10.1037/neu0000871. 

56. Insel, P.S.; Donohue, M.C.; Berron, D.; Hansson, O.; Mattsson-Carlgren, N. Time between milestone events in the Alzheimer’s 
disease amyloid cascade. Neuroimage 2021, 227, 117676. https://doi.org/10.1016/j.neuroimage.2020.117676. 

57. Bastin, C.; Delhaye, E. Targeting the function of the transentorhinal cortex to identify early cognitive markers of Alzheimer’s 
disease. Cogn. Affect. Behav. Neurosci. 2023, 23, 986–996. https://doi.org/10.3758/s13415-023-01093-5. 

58. Reisberg, B.; Shao, Y.; Moosavi, M.; Kenowsky, S.; Vedvyas, A.; Marsh, K.; Bao, J.; Buj, M.; Torossian, C.; Kluger, A.; et al. Psy-
chometric Cognitive Decline Precedes the Advent of Subjective Cognitive Decline in the Evolution of Alzheimer’s Disease. De-
ment. Geriatr. Cogn. Disord. 2020, 49, 16–21. https://doi.org/10.1159/000507286. 

59. Bessi, V.; Mazzeo, S.; Padiglioni, S.; Piccini, C.; Nacmias, B.; Sorbi, S.; Bracco, L. From Subjective Cognitive Decline to Alz-
heimer’s Disease: The Predictive Role of Neuropsychological Assessment, Personality Traits, and Cognitive Reserve. A 7-Year 
Follow-Up Study. J. Alzheimers Dis. 2018, 63, 1523–1535. https://doi.org/10.3233/JAD-171180. 



J. Clin. Med. 2024, 13, 3442 18 of 26 
 

 

60. Macdougall, A.; Whitfield, T.; Needham, K.; Schott, J.M.; Frost, C.; Walker, Z. Predicting progression to Alzheimer’s disease 
dementia using cognitive measures. Int. J. Geriatr. Psychiatry 2024, 39, e6067. https://doi.org/10.1002/gps.6067. 

61. Belleville, S.; Fouquet, C.; Duchesne, S.; Collins, D.L.; Hudon, C. Detecting early preclinical Alzheimer’s disease via cognition, 
neuropsychiatry, and neuroimaging: Qualitative review and recommendations for testing. J. Alzheimers Dis. 2014, 42 (Suppl. 
S4), S375–S382. https://doi.org/10.3233/JAD-141470. 

62. Salmon, D.P. Neuropsychological features of mild cognitive impairment and preclinical Alzheimer’s disease. Curr. Top. Behav. 
Neurosci. 2012, 10, 187–212. https://doi.org/10.1007/7854_2011_171. 

63. Albert, M.; Zhu, Y.; Moghekar, A.; Mori, S.; Miller, M.I.; Soldan, A.; Pettigrew, C.; Selnes, O.; Li, S.; Wang, M.-C. Predicting 
progression from normal cognition to mild cognitive impairment for individuals at 5 years. Brain 2018, 141, 877–887. 
https://doi.org/10.1093/brain/awx365. 

64. Thomas, K.R.; Eppig, J.; Edmonds, E.C.; Jacobs, D.M.; Libon, D.J.; Au, R.; Salmon, D.P.; Bondi, M.W. Alzheimer’s Disease Neu-
roimaging Initiative* Word-list intrusion errors predict progression to mild cognitive impairment. Neuropsychology 2018, 32, 
235–245. https://doi.org/10.1037/neu0000413. 

65. Belleville, S.; Fouquet, C.; Hudon, C.; Zomahoun, H.T.V.; Croteau, J. Neuropsychological Measures that Predict Progression 
from Mild Cognitive Impairment to Alzheimer’s type dementia in Older Adults: A Systematic Review and Meta-Analysis. Neu-
ropsychol. Rev. 2017, 27, 328–353. https://doi.org/10.1007/s11065-017-9361-5. 

66. Burmester, B.; Leathem, J.; Merrick, P. Subjective Cognitive Complaints and Objective Cognitive Function in Aging: A System-
atic Review and Meta-Analysis of Recent Cross-Sectional Findings. Neuropsychol. Rev. 2016, 26, 376–393. 
https://doi.org/10.1007/s11065-016-9332-2. 

67. Rabin, L.A.; Smart, C.M.; Amariglio, R.E. Subjective Cognitive Decline in Preclinical Alzheimer’s Disease. Annu. Rev. Clin. Psy-
chol. 2017, 13, 369–396. https://doi.org/10.1146/annurev-clinpsy-032816-045136. 

68. Carlesimo, G.A.; De Simone, M.S. Special issue on “Novel neuropsychological instruments for the prodromal and preclinical 
diagnosis of Alzheimer’s disease.” Neuropsychology 2023, 37, 623–627. https://doi.org/10.1037/neu0000907. 

69. Levy, B.; Tsoy, E.; Gable, S. Developing Cognitive Markers of Alzheimer’s Disease for Primary Care: Implications for Behavioral 
and Global Prevention. J. Alzheimers Dis. 2016, 54, 1259–1272. https://doi.org/10.3233/JAD-160309. 

70. Cerami, C.; Dubois, B.; Boccardi, M.; Monsch, A.U.; Demonet, J.F.; Cappa, S.F. Geneva Task Force for the Roadmap of Alz-
heimer’s Biomarkers Clinical validity of delayed recall tests as a gateway biomarker for Alzheimer’s disease in the context of a 
structured 5-phase development framework. Neurobiol. Aging 2017, 52, 153–166. https://doi.org/10.1016/j.neurobiolag-
ing.2016.03.034. 

71. Hwang, A.B.; Boes, S.; Nyffeler, T.; Schuepfer, G. Validity of screening instruments for the detection of dementia and mild 
cognitive impairment in hospital inpatients: A systematic review of diagnostic accuracy studies. PLoS ONE 2019, 14, e0219569. 
https://doi.org/10.1371/journal.pone.0219569. 

72. Rasmussen, J.; Langerman, H. Alzheimer’s Disease—Why We Need Early Diagnosis. Degener. Neurol. Neuromuscul. Dis. 2019, 9, 
123–130. https://doi.org/10.2147/DNND.S228939. 

73. Brayne, C.; Kelly, S. Against the stream: Early diagnosis of dementia, is it so desirable? BJPsych Bull. 2019, 43, 123–125. 
https://doi.org/10.1192/bjb.2018.107. 

74. Gomersall, T.; Astell, A.; Nygård, L.; Sixsmith, A.; Mihailidis, A.; Hwang, A. Living with Ambiguity: A Metasynthesis of Qual-
itative Research on Mild Cognitive Impairment. Gerontologist 2015, 55, 892–912. https://doi.org/10.1093/geront/gnv067. 

75. Watson, R.; Bryant, J.; Sanson-Fisher, R.; Mansfield, E.; Evans, T.-J. What is a ‘timely’ diagnosis? Exploring the preferences of 
Australian health service consumers regarding when a diagnosis of dementia should be disclosed. BMC Health Serv. Res. 2018, 
18, 612. https://doi.org/10.1186/s12913-018-3409-y. 

76. Knopman, D.; Donohue, J.A.; Gutterman, E.M. Patterns of care in the early stages of Alzheimer’s disease: Impediments to timely 
diagnosis. J. Am. Geriatr. Soc. 2000, 48, 300–304. https://doi.org/10.1111/j.1532-5415.2000.tb02650.x. 

77. Oba, H.; Matsuoka, T.; Kato, Y.; Watson, R.; Mansfield, E.; Sanson-Fisher, R.; Narumoto, J. Attitude toward dementia and pref-
erences for diagnosis in Japanese health service consumers. BMC Health Serv. Res. 2021, 21, 411. https://doi.org/10.1186/s12913-
021-06381-9. 

78. Brooker, D.; La Fontaine, J.; Evans, S.; Bray, J.; Saad, K. Public health guidance to facilitate timely diagnosis of dementia: ALz-
heimer’s COoperative Valuation in Europe recommendations. Int. J. Geriatr. Psychiatry 2014, 29, 682–693. 
https://doi.org/10.1002/gps.4066. 

79. Galvin, J.E.; Valois, L.; Zweig, Y. Collaborative transdisciplinary team approach for dementia care. Neurodegener. Dis. Manag. 
2014, 4, 455–469. https://doi.org/10.2217/nmt.14.47. 

80. Nielsen, T.R. Cognitive Assessment in Culturally, Linguistically, and Educationally Diverse Older Populations in Europe. Am. 
J. Alzheimers Dis. Other Demen 2022, 37, 15333175221117006. https://doi.org/10.1177/15333175221117006. 

81. Vega Alonso, T.; Miralles Espí, M.; Mangas Reina, J.M.; Castrillejo Pérez, D.; Rivas Pérez, A.I.; Gil Costa, M.; López Maside, A.; 
Arrieta Antón, E.; Lozano Alonso, J.E.; Fragua Gil, M. Prevalence of cognitive impairment in Spain: The Gómez de Caso study 
in health sentinel networks. Neurologia 2018, 33, 491–498. https://doi.org/10.1016/j.nrl.2016.10.002. 

82. Canadian Task Force on Preventive Health Care; Pottie, K.; Rahal, R.; Jaramillo, A.; Birtwhistle, R.; Thombs, B.D.; Singh, H.; 
Gorber, S.C.; Dunfield, L.; Shane, A. Recommendations on screening for cognitive impairment in older adults. CMAJ 2016, 188, 
37–46. https://doi.org/10.1503/cmaj.141165. 



J. Clin. Med. 2024, 13, 3442 19 of 26 
 

 

83. Chambers, L.W.; Sivananthan, S.; Brayne, C. Is Dementia Screening of Apparently Healthy Individuals Justified? Adv. Prev. Med. 
2017, 2017, 9708413. https://doi.org/10.1155/2017/9708413. 

84. Gerontological Society of America. Gerontology Society of America Workgroup on Cognitive Impairment Detection and Earlier Diag-
nosis Report and Recommendations; The Gerontological Society of America: Washington, D. C., US 2015. 

85. Lin, J.S.; O’Connor, E.; Rossom, R.C.; Perdue, L.A.; Eckstrom, E. Screening for cognitive impairment in older adults: A systematic 
review for the U.S. Preventive Services Task Force. Ann. Intern. Med. 2013, 159, 601–612. https://doi.org/10.7326/0003-4819-159-
9-201311050-00730. 

86. United Kingdom National Screening Committee. The UK NSC Recommendation on Screening for Dementia; Public Health England: 
London, UK 2019. 

87. Dubois, B.; Padovani, A.; Scheltens, P.; Rossi, A.; Dell’Agnello, G. Timely Diagnosis for Alzheimer’s Disease: A Literature Re-
view on Benefits and Challenges. J. Alzheimers Dis. 2016, 49, 617–631. https://doi.org/10.3233/JAD-150692. 

88. Morley, J.E.; Morris, J.C.; Berg-Weger, M.; Borson, S.; Carpenter, B.D.; del Campo, N.; Dubois, B.; Fargo, K.; Fitten, L.J.; Flaherty, 
J.H.; et al. Brain Health: The Importance of Recognizing Cognitive Impairment: An IAGG Consensus Conference. J. Am. Med. 
Dir. Assoc. 2015, 16, 731–739. https://doi.org/10.1016/j.jamda.2015.06.017. 

89. Carnero-Pardo, C. Test de screening en demencia. In Neurología Conductual: Fundamentos Teóricos y Prácticos; Pulso Ediciones SL: 
Barcelona, Spain, 2002. 

90. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive state of patients 
for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. https://doi.org/10.1016/0022-3956(75)90026-6. 

91. Mitchell, A.J. A meta-analysis of the accuracy of the mini-mental state examination in the detection of dementia and mild cog-
nitive impairment. J. Psychiatr. Res. 2009, 43, 411–431. https://doi.org/10.1016/j.jpsychires.2008.04.014. 

92. Kempen, G.I.; Brilman, E.I.; Ormel, J. The Mini Mental Status Examination. Normative data and a comparison of a 12-item and 
20-item version in a sample survey of community-based elderly. Tijdschr. Gerontol. Geriatr. 1995, 26, 163–172. 

93. Molloy, D.W.; Alemayehu, E.; Roberts, R. Reliability of a Standardized Mini-Mental State Examination compared with the tra-
ditional Mini-Mental State Examination. Am. J. Psychiatry 1991, 148, 102–105. https://doi.org/10.1176/ajp.148.1.102. 

94. Prieto, G.; Contador, I.; Tapias-Merino, E.; Mitchell, A.J.; Bermejo-Pareja, F. The Mini-Mental-37 test for dementia screening in 
the Spanish population: An analysis using the Rasch Model. Clin. Neuropsychol. 2012, 26, 1003–1018. 
https://doi.org/10.1080/13854046.2012.704945. 

95. Tombaugh, T.N.; McIntyre, N.J. The mini-mental state examination: A comprehensive review. J. Am. Geriatr. Soc. 1992, 40, 922–
935. https://doi.org/10.1111/j.1532-5415.1992.tb01992.x. 

96. Teng, E.L.; Chui, H.C. The Modified Mini-Mental State (3MS) examination. J. Clin. Psychiatry 1987, 48, 314–318. 
97. Pfeffer, R.I.; Kurosaki, T.T.; Harrah, C.H.; Chance, J.M.; Filos, S. Measurement of functional activities in older adults in the 

community. J. Gerontol. 1982, 37, 323–329. https://doi.org/10.1093/geronj/37.3.323. 
98. Galvin, J.E.; Roe, C.M.; Powlishta, K.K.; Coats, M.A.; Muich, S.J.; Grant, E.; Miller, J.P.; Storandt, M.; Morris, J.C. The AD8: A 

brief informant interview to detect dementia. Neurology 2005, 65, 559–564. https://doi.org/10.1212/01.wnl.0000172958.95282.2a. 
99. Lawton, M.P.; Brody, E.M. Assessment of older people: Self-maintaining and instrumental activities of daily living. Gerontologist 

1969, 9, 179–186. 
100. Wang, Z.; Dong, B. Screening for Cognitive Impairment in Geriatrics. Clin. Geriatr. Med. 2018, 34, 515–536. 

https://doi.org/10.1016/j.cger.2018.06.004. 
101. Hodkinson, H.M. Evaluation of a mental test score for assessment of mental impairment in the elderly. Age Ageing 1972, 1, 233–

238. https://doi.org/10.1093/ageing/1.4.233. 
102. Hall, K.S.; Gao, S.; Emsley, C.L.; Ogunniyi, A.O.; Morgan, O.; Hendrie, H.C. Community screening interview for dementia (CSI 

’D’); performance in five disparate study sites. Int. J. Geriatr. Psychiatry 2000, 15, 521–531. https://doi.org/10.1002/1099-
1166(200006)15:6<521::aid-gps182>3.0.co;2-f. 

103. Shulman, K.I.; Shedletsky, R.; Silver, I.L. The challenge of time: Clock-drawing and cognitive function in the elderly. International 
J. Geriatr. Psychiatry 1986, 1, 135–140. https://doi.org/10.1002/gps.930010209. 

104. Sunderland, T.; Hill, J.L.; Mellow, A.M.; Lawlor, B.A.; Gundersheimer, J.; Newhouse, P.A.; Grafman, J.H. Clock drawing in 
Alzheimer’s disease. A novel measure of dementia severity. J. Am. Geriatr. Soc. 1989, 37, 725–729. https://doi.org/10.1111/j.1532-
5415.1989.tb02233.x. 

105. Fuld, P.A.; Masur, D.M.; Blau, A.D.; Crystal, H.; Aronson, M.K. Object-memory evaluation for prospective detection of dementia 
in normal functioning elderly: Predictive and normative data. J. Clin. Exp. Neuropsychol. 1990, 12, 520–528. 
https://doi.org/10.1080/01688639008400998. 

106. Brodaty, H.; Low, L.-F.; Gibson, L.; Burns, K. What is the best dementia screening instrument for general practitioners to use? 
Am. J. Geriatr. Psychiatry 2006, 14, 391–400. https://doi.org/10.1097/01.JGP.0000216181.20416.b2. 

107. Borson, S.; Scanlan, J.; Brush, M.; Vitaliano, P.; Dokmak, A. The mini-cog: A cognitive “vital signs” measure for dementia screen-
ing in multi-lingual elderly. Int. J. Geriatr. Psychiatry 2000, 15, 1021–1027. https://doi.org/10.1002/1099-
1166(200011)15:11<1021::aid-gps234>3.0.co;2-6. 

108. Buschke, H.; Kuslansky, G.; Katz, M.; Stewart, W.F.; Sliwinski, M.J.; Eckholdt, H.M.; Lipton, R.B. Screening for dementia with 
the memory impairment screen. Neurology 1999, 52, 231–238. https://doi.org/10.1212/wnl.52.2.231. 



J. Clin. Med. 2024, 13, 3442 20 of 26 
 

 

109. Carnero-Pardo, C.; Sáez-Zea, C.; Montiel Navarro, L.; Del Saz, P.; Feria-Vilar, I.; Pérez-Navarro, M.J.; Ruiz-Giménez, J.; Vílchez-
Carrillo, R.; Montoro-Ríos, M.T. Utilidad diagnóstica del Test de las Fotos (Fototest) en deterioro cognitivo y demencia. Neu-
rología 2007, 22, 860–869. 

110. Pfeiffer, E. A short portable mental status questionnaire for the assessment of organic brain deficit in elderly patients. J. Am. 
Geriatr. Soc. 1975, 23, 433–441. https://doi.org/10.1111/j.1532-5415.1975.tb00927.x. 

111. Jorm, A.F. A short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE): Development and cross-
validation. Psychol. Med. 1994, 24, 145–153. https://doi.org/10.1017/s003329170002691x. 

112. Isaacs, B.; Kennie, A.T. The Set test as an aid to the detection of dementia in old people. Br. J. Psychiatry 1973, 123, 467–470. 
https://doi.org/10.1192/bjp.123.4.467. 

113. Sager, M.A.; Hermann, B.P.; La Rue, A.; Woodard, J.L. Screening for dementia in community-based memory clinics. WMJ 2006, 
105, 25–29. 

114. Brooke, P.; Bullock, R. Validation of a 6 item cognitive impairment test with a view to primary care usage. Int. J. Geriatr. Psychi-
atry 1999, 14, 936–940. 

115. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The 
Montreal Cognitive Assessment, MoCA: A Brief Screening Tool for Mild Cognitive Impairment. J. Am. Geriatr. Soc. 2005, 53, 
695–699. https://doi.org/10.1111/j.1532-5415.2005.53221.x. 

116. O’Caoimh, R.; Gao, Y.; Gallagher, P.F.; Eustace, J.; McGlade, C.; Molloy, D.W. Which part of the Quick mild cognitive impair-
ment screen (Qmci) discriminates between normal cognition, mild cognitive impairment and dementia? Age Ageing 2013, 42, 
324–330. https://doi.org/10.1093/ageing/aft044. 

117. Llinàs-Reglà, J.; Vilalta-Franch, J.; López-Pousa, S.; Calvó-Perxas, L.; Torrents Rodas, D.; Garre-Olmo, J. The Trail Making Test. 
Assessment 2017, 24, 183–196. https://doi.org/10.1177/1073191115602552. 

118. Reitan, R.M. Trail making test results for normal and brain-damaged children. Percept. Mot. Skills 1971, 33, 575–581. 
https://doi.org/10.2466/pms.1971.33.2.575. 

119. Basic, D.; Rowland, J.T.; Conforti, D.A.; Vrantsidis, F.; Hill, K.; LoGiudice, D.; Harry, J.; Lucero, K.; Prowse, R.J. The validity of 
the Rowland Universal Dementia Assessment Scale (RUDAS) in a multicultural cohort of community-dwelling older persons 
with early dementia. Alzheimer Dis. Assoc. Disord. 2009, 23, 124–129. https://doi.org/10.1097/wad.0b013e31818ecc98. 

120. Storey, J.E.; Rowland, J.T.J.; Basic, D.; Conforti, D.A.; Dickson, H.G. The Rowland Universal Dementia Assessment Scale 
(RUDAS): A multicultural cognitive assessment scale. Int. Psychogeriatr. 2004, 16, 13–31. 
https://doi.org/10.1017/s1041610204000043. 

121. Meulen, E.; Schmand, B.; van Campen, J.P.; de Koning, S.J.; Ponds, R.; Scheltens, P.; Verhey, F. The seven minute screen: A 
neurocognitive screening test highly sensitive to various types of dementia. J. Neurol. Neurosurg. Psychiatry 2004, 75, 700–705. 
https://doi.org/10.1136/jnnp.2003.021055. 

122. Solomon, P.R.; Hirschoff, A.; Kelly, B.; Relin, M.; Brush, M.; DeVeaux, R.D.; Pendlebury, W.W. A 7 minute neurocognitive 
screening battery highly sensitive to Alzheimer’s disease. Arch. Neurol. 1998, 55, 349–355. https://doi.org/10.1001/arch-
neur.55.3.349. 

123. Crawford, S.; Whitnall, L.; Robertson, J.; Evans, J.J. A systematic review of the accuracy and clinical utility of the Addenbrooke’s 
Cognitive Examination and the Addenbrooke’s Cognitive Examination-Revised in the diagnosis of dementia. Int. J. Geriatr. 
Psychiatry 2012, 27, 659–669. https://doi.org/10.1002/gps.2771. 

124. Tsoi, K.K.F.; Chan, J.Y.C.; Hirai, H.W.; Wong, S.Y.S.; Kwok, T.C.Y. Cognitive Tests to Detect Dementia: A Systematic Review 
and Meta-analysis. JAMA Intern. Med. 2015, 175, 1450–1458. https://doi.org/10.1001/jamainternmed.2015.2152. 

125. Rami, L.; Molinuevo, J.L.; Sanchez-Valle, R.; Bosch, B.; Villar, A. Screening for amnestic mild cognitive impairment and early 
Alzheimer’s disease with M@T (Memory Alteration Test) in the primary care population. Int. J. Geriatr. Psychiatry 2007, 22, 294–
304. https://doi.org/10.1002/gps.1672. 

126. Carnero-Pardo, C.; Montoro-Ríos, M.T. Preliminary evaluation of a new screening test for dementia (Eurotest). Rev. Neurol. 2004, 
38, 201–209. 

127. De Yébenes, M.J.G.; Otero, A.; Zunzunegui, M.V.; Rodríguez-Laso, A.; Sánchez-Sánchez, F.; Del Ser, T. Validation of a short 
cognitive tool for the screening of dementia in elderly people with low educational level. Int. J. Geriatr. Psychiatry 2003, 18, 925–
936. https://doi.org/10.1002/gps.947. 

128. Burke, S.L.; Grudzien, A.; Burgess, A.; Rodriguez, M.J.; Rivera, Y.; Loewenstein, D. The Utility of Cognitive Screeners in the 
Detection of Dementia Spectrum Disorders in Spanish-Speaking Populations. J. Geriatr. Psychiatry Neurol. 2021, 34, 102–118. 
https://doi.org/10.1177/0891988720915513. 

129. Contador, I.; Fernández-Calvo, B.; Ramos, F.; Tapias-Merino, E.; Bermejo-Pareja, F. Dementia screening in primary care: Critical 
review. Rev. Neurol. 2010, 51, 677–686. 

130. Olazarán, J.; Hoyos-Alonso, M.C.; del Ser, T.; Garrido Barral, A.; Conde-Sala, J.L.; Bermejo-Pareja, F.; López-Pousa, S.; Pérez-
Martínez, D.; Villarejo-Galende, A.; Cacho, J.; et al. Practical application of brief cognitive tests. Neurologia 2016, 31, 183–194. 
https://doi.org/10.1016/j.nrl.2015.07.009. 

131. Villarejo, A.; Puertas-Martín, V. Utilidad de los test breves en el cribado de demencia. Neurología 2011, 26, 425–433. 
https://doi.org/10.1016/j.nrl.2010.12.002. 

132. Bayer, T.A. Proteinopathies, a core concept for understanding and ultimately treating degenerative disorders? Eur. Neuropsy-
chopharmacol. 2015, 25, 713–724. https://doi.org/10.1016/j.euroneuro.2013.03.007. 



J. Clin. Med. 2024, 13, 3442 21 of 26 
 

 

133. Weintraub, S. Neuropsychological Assessment in Dementia Diagnosis. Continuum 2022, 28, 781–799. 
https://doi.org/10.1212/CON.0000000000001135. 

134. Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.J.; Pe-
tersen, R.C.; et al. The diagnosis of mild cognitive impairment due to Alzheimer’s disease: Recommendations from the National 
Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 
2011, 7, 270–279. https://doi.org/10.1016/j.jalz.2011.03.008. 

135. Jahn, H. Memory loss in Alzheimer’s disease. Dialogues in Clinical Neuroscience 2013, 15, 445. 
https://doi.org/10.31887/DCNS.2013.15.4/hjahn. 

136. Gomperts, S.N. Lewy Body Dementias: Dementia with Lewy Bodies and Parkinson Disease Dementia. Continuum 2016, 22, 435–
463. https://doi.org/10.1212/CON.0000000000000309. 

137. Milán-Tomás, Á.; Fernández-Matarrubia, M.; Rodríguez-Oroz, M.C. Lewy Body Dementias: A Coin with Two Sides? Behav Sci 
2021, 11, 94. https://doi.org/10.3390/bs11070094. 

138. Fei, M.; Wang, F.; Wu, H.; Liu, S.; Gan, J.; Ji, Y. Characteristics of initial symptoms in patients with dementia with Lewy body 
disease. Front. Neurol. 2022, 13, 1024995. https://doi.org/10.3389/fneur.2022.1024995. 

139. Gorelick, P.B.; Counts, S.E.; Nyenhuis, D. Vascular cognitive impairment and dementia. Biochim. Biophys. Acta 2016, 1862, 860–
868. https://doi.org/10.1016/j.bbadis.2015.12.015. 

140. Bertoux, M.; Ramanan, S.; Slachevsky, A.; Wong, S.; Henriquez, F.; Musa, G.; Delgado, C.; Flanagan, E.; Bottlaender, M.; Sarazin, 
M.; et al. So Close Yet So Far: Executive Contribution to Memory Processing in Behavioral Variant Frontotemporal Dementia. J. 
Alzheimers Dis. 2016, 54, 1005–1014. https://doi.org/10.3233/JAD-160522. 

141. Ramanan, S.; Bertoux, M.; Flanagan, E.; Irish, M.; Piguet, O.; Hodges, J.R.; Hornberger, M. Longitudinal Executive Function and 
Episodic Memory Profiles in Behavioral-Variant Frontotemporal Dementia and Alzheimer’s Disease. J. Int. Neuropsychol. Soc. 
2017, 23, 34–43. https://doi.org/10.1017/S1355617716000837. 

142. Malhotra, P.A. Impairments of attention in Alzheimer’s disease. Curr. Opin. Psychol. 2019, 29, 41–48. 
https://doi.org/10.1016/j.copsyc.2018.11.002. 

143. Emre, M.; Aarsland, D.; Brown, R.; Burn, D.J.; Duyckaerts, C.; Mizuno, Y.; Broe, G.A.; Cummings, J.; Dickson, D.W.; Gauthier, 
S.; et al. Clinical diagnostic criteria for dementia associated with Parkinson’s disease. Mov. Disord. 2007, 22, 1689–1707; quiz 
1837. https://doi.org/10.1002/mds.21507. 

144. McKeith, I.G.; Boeve, B.F.; Dickson, D.W.; Halliday, G.; Taylor, J.-P.; Weintraub, D.; Aarsland, D.; Galvin, J.; Attems, J.; Ballard, 
C.G.; et al. Diagnosis and management of dementia with Lewy bodies. Neurology 2017, 89, 88–100. 
https://doi.org/10.1212/WNL.0000000000004058. 

145. Luque, M.Á.J.; Serrat, M.M.i.; Benito, R.P. Neuropsicología de las Enfermedades Neurodegenerativas; Sintesis: Madrid, Spain, 2013; 
ISBN 978-84-9958-883-4. 

146. Yamamoto, E.; Mourany, L.; Colleran, R.; Whitman, C.; Tousi, B. Utility of Montreal Cognitive Assessment in Differentiating 
Dementia with Lewy Bodies From Alzheimer’s Dementia. Am. J. Alzheimers Dis. Other Demen 2017, 32, 468–471. 
https://doi.org/10.1177/1533317517725811. 

147. McGuinness, B.; Barrett, S.L.; Craig, D.; Lawson, J.; Passmore, A.P. Attention deficits in Alzheimer’s disease and vascular de-
mentia. J. Neurol. Neurosurg. Psychiatry 2010, 81, 157–159. https://doi.org/10.1136/jnnp.2008.164483. 

148. Rascovsky, K.; Hodges, J.R.; Knopman, D.; Mendez, M.F.; Kramer, J.H.; Neuhaus, J.; van Swieten, J.C.; Seelaar, H.; Dopper, 
E.G.P.; Onyike, C.U.; et al. Sensitivity of revised diagnostic criteria for the behavioural variant of frontotemporal dementia. 
Brain 2011, 134, 2456–2477. https://doi.org/10.1093/brain/awr179. 

149. Smits, L.L.; van Harten, A.C.; Pijnenburg, Y. a. L.; Koedam, E.L.G.E.; Bouwman, F.H.; Sistermans, N.; Reuling, I.E.W.; Prins, 
N.D.; Lemstra, A.W.; Scheltens, P.; et al. Trajectories of cognitive decline in different types of dementia. Psychol. Med. 2015, 45, 
1051–1059. https://doi.org/10.1017/S0033291714002153. 

150. Lindeboom, J.; Weinstein, H. Neuropsychology of cognitive ageing, minimal cognitive impairment, Alzheimer’s disease, and 
vascular cognitive impairment. Eur. J. Pharmacol. 2004, 490, 83–86. https://doi.org/10.1016/j.ejphar.2004.02.046. 

151. Verma, M.; Howard, R.J. Semantic memory and language dysfunction in early Alzheimer’s disease: A review. Int. J. Geriatr. 
Psychiatry 2012, 27, 1209–1217. https://doi.org/10.1002/gps.3766. 

152. Macoir, J. The Cognitive and Language Profile of Dementia with Lewy Bodies. Am. J. Alzheimers Dis. Other Demen 2022, 37, 
15333175221106901. https://doi.org/10.1177/15333175221106901. 

153. Macoir, J. Language Impairment in Vascular Dementia: A Clinical Review. J. Geriatr. Psychiatry Neurol. 2023, 37, 
08919887231195225. https://doi.org/10.1177/08919887231195225. 

154. Ribas, M.Z.; Paticcié, G.F.; Noleto, F.M.; Ramanzini, L.G.; Veras, A. de O.; Dall’Oglio, R.; Filho, L.B. de A.; Martins da Silva, J.G.; 
Lima, M.P.P.; Teixeira, B.E.; et al. Impact of dysexecutive syndrome in quality of life in Alzheimer disease: What we know now 
and where we are headed. Ageing Res. Rev. 2023, 86, 101866. https://doi.org/10.1016/j.arr.2023.101866. 

155. Tagai, K.; Nagata, T.; Shinagawa, S.; Shigeta, M. Anosognosia in patients with Alzheimer’s disease: Current perspectives. Psy-
chogeriatrics 2020, 20, 345–352. https://doi.org/10.1111/psyg.12507. 

156. Dirnberger, G.; Jahanshahi, M. Executive dysfunction in Parkinson’s disease: A review. J. Neuropsychol. 2013, 7, 193–224. 
https://doi.org/10.1111/jnp.12028. 



J. Clin. Med. 2024, 13, 3442 22 of 26 
 

 

157. Smirnov, D.S.; Galasko, D.; Edland, S.D.; Filoteo, J.V.; Hansen, L.A.; Salmon, D.P. Cognitive decline profiles differ in Parkinson 
disease dementia and dementia with Lewy bodies. Neurology 2020, 94, e2076–e2087. 
https://doi.org/10.1212/WNL.0000000000009434. 

158. van der Flier, W.M.; Skoog, I.; Schneider, J.A.; Pantoni, L.; Mok, V.; Chen, C.L.H.; Scheltens, P. Vascular cognitive impairment. 
Nat. Rev. Dis. Primers 2018, 4, 18003. https://doi.org/10.1038/nrdp.2018.3. 

159. Pantsiou, K.; Sfakianaki, O.; Papaliagkas, V.; Savvoulidou, D.; Costa, V.; Papantoniou, G.; Moraitou, D. Inhibitory Control, 
Task/Rule Switching, and Cognitive Planning in Vascular Dementia: Are There Any Differences from Vascular Aging? Front. 
Aging Neurosci. 2018, 10, 330. 

160. Kiselica, A.M.; Benge, J.F. Quantitative and qualitative features of executive dysfunction in frontotemporal and Alzheimer’s 
dementia. Appl. Neuropsychol. Adult 2021, 28, 449–463. https://doi.org/10.1080/23279095.2019.1652175. 

161. Molina, D.M. EL ROL DE LA EVALUACIÓN NEUROPSICOLÓGICA EN EL DIAGNÓSTICO Y EN EL SEGUIMIENTO DE 
LAS DEMENCIAS. Rev. Med. Clin. Condes 2016, 27, 319–331. https://doi.org/10.1016/j.rmclc.2016.06.006. 

162. Lezak, M.D.; Howieson, D.B.; Bigler, E.D.; Tranel, D. Neuropsychological Assessment; Oxford University Press: Oxford, NY, USA, 
2012; ISBN 978-0-19-539552-5. 

163. Quental, N.B.M.; Brucki, S.M.D.; Bueno, O.F.A. Visuospatial Function in Early Alzheimer’s Disease—The Use of the Visual 
Object and Space Perception (VOSP) Battery. PLoS ONE 2013, 8, e68398. https://doi.org/10.1371/journal.pone.0068398. 

164. Martins-Rodrigues, R.; da Fonsêca, É.K.G.; Lucena-Alves, S.S.; Contador, I.; Trojano, L.; Grossi, D.; Fernández-Calvo, B. Clinical 
Utility of Two- and Three-Dimensional Visuoconstructional Tasks in Mild Cognitive Impairment and Early Alzheimer’s Dis-
ease. Arch. Clin. Neuropsychol. 2021, 36, 177–185. https://doi.org/10.1093/arclin/acz046. 

165. Nieto-Escamez, F.; Obrero-Gaitán, E.; Cortés-Pérez, I. Visual Dysfunction in Parkinson’s Disease. Brain Sci. 2023, 13, 1173. 
https://doi.org/10.3390/brainsci13081173. 

166. Li, X.; Rastogi, P.; Gibbons, J.A.; Chaudhury, S. Visuo-cognitive skill deficits in Alzheimer’s disease and Lewy body disease: A 
comparative analysis. Ann. Indian. Acad. Neurol. 2014, 17, 12–18. https://doi.org/10.4103/0972-2327.128530. 

167. Mori, E.; Shimomura, T.; Fujimori, M.; Hirono, N.; Imamura, T.; Hashimoto, M.; Tanimukai, S.; Kazui, H.; Hanihara, T. Visuoper-
ceptual impairment in dementia with Lewy bodies. Arch. Neurol. 2000, 57, 489–493. https://doi.org/10.1001/archneur.57.4.489. 

168. Pal, A.; Biswas, A.; Pandit, A.; Roy, A.; Guin, D.; Gangopadhyay, G.; Senapati, A.K. Study of visuospatial skill in patients with 
dementia. Ann. Indian. Acad. Neurol. 2016, 19, 83–88. https://doi.org/10.4103/0972-2327.168636. 

169. Musa, G.; Slachevsky, A.; Muñoz-Neira, C.; Méndez-Orellana, C.; Villagra, R.; González-Billault, C.; Ibáñez, A.; Hornberger, M.; 
Lillo, P. Alzheimer’s Disease or Behavioral Variant Frontotemporal Dementia? Review of Key Points Toward an Accurate Clin-
ical and Neuropsychological Diagnosis. J. Alzheimers Dis. 2020, 73, 833–848. https://doi.org/10.3233/JAD-190924. 

170. Salimi, S.; Irish, M.; Foxe, D.; Hodges, J.R.; Piguet, O.; Burrell, J.R. Visuospatial dysfunction in Alzheimer’s disease and behav-
ioural variant frontotemporal dementia. J. Neurol. Sci. 2019, 402, 74–80. https://doi.org/10.1016/j.jns.2019.04.019. 

171. Seixas-Lima, B.; Binns, M.; Black, S.E.; Fischer, C.; Freedman, M.; Kumar, S.; Lahiri, D.; Roncero, C.T.; Strother, S.; Tang-Wai, 
D.F.; et al. Relationships between neuropsychiatric symptoms and cognitive profiles in Alzheimer’s disease and related syn-
dromes. Int. J. Geriatr. Psychiatry 2023, 38, e5960. https://doi.org/10.1002/gps.5960. 

172. Santos, M.A.O.; Bezerra, L.S.; Correia, C. da C.; Bruscky, I.S. Neuropsychiatric symptoms in vascular dementia: Epidemiologic 
and clinical aspects. Dement. Neuropsychol. 2018, 12, 40–44. https://doi.org/10.1590/1980-57642018dn12-010006. 

173. Hyman, B.T.; Phelps, C.H.; Beach, T.G.; Bigio, E.H.; Cairns, N.J.; Carrillo, M.C.; Dickson, D.W.; Duyckaerts, C.; Frosch, M.P.; 
Masliah, E.; et al. National Institute on Aging–Alzheimer’s Association guidelines for the neuropathologic assessment of Alz-
heimer’s disease. Alzheimer’s Dementia 2012, 8, 1–13. https://doi.org/10.1016/j.jalz.2011.10.007. 

174. McKhann, G.M.; Knopman, D.S.; Chertkow, H.; Hyman, B.T.; Jack, C.R.; Kawas, C.H.; Klunk, W.E.; Koroshetz, W.J.; Manly, J.J.; 
Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute on 
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7, 263–
269. https://doi.org/10.1016/j.jalz.2011.03.005. 

175. McKhann, G.; Drachman, D.; Folstein, M.; Katzman, R.; Price, D.; Stadlan, E.M. Clinical diagnosis of Alzheimer’s disease: Report 
of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on Alz-
heimer’s Disease. Neurology 1984, 34, 939–944. https://doi.org/10.1212/wnl.34.7.939. 

176. Ferreira, D.; Nordberg, A.; Westman, E. Biological subtypes of Alzheimer disease. Neurology 2020, 94, 436–448. 
https://doi.org/10.1212/WNL.0000000000009058. 

177. Fredes-Roa, C.; Gutiérrez-Barría, F.; Ramírez-Bruna, C.; Cigarroa, I.; Martella, D.; Julio-Ramos, T.; Méndez-Orellana, C.; Toloza-
Ramírez, D. Neuropsychological profiles and neural correlates in typical and atypical variants of Alzheimer disease: A system-
atic qualitative review. Neurol. Perspect. 2023, 3, 100106. https://doi.org/10.1016/j.neurop.2022.07.007. 

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

179. Martínez-Fernández., R.; Gasca-Salas, C., C.; Sánchez-Ferro, Á.; Ángel Obeso, J. Actualización en la Enfermedad de Parkinson. 
Rev. Med. Clin. Condes 2016, 27, 363–379. https://doi.org/10.1016/j.rmclc.2016.06.010. 

180. Hughes, A.J.; Daniel, S.E.; Kilford, L.; Lees, A.J. Accuracy of clinical diagnosis of idiopathic Parkinson’s disease: A clinico-
pathological study of 100 cases. J. Neurol. Neurosurg. Psychiatry 1992, 55, 181–184. https://doi.org/10.1136/jnnp.55.3.181. 

181. Gupta, S.; Shukla, S. Non-motor symptoms in Parkinson’s disease: Opening new avenues in treatment. Curr. Res. Behav. Sci. 
2021, 2, 100049. https://doi.org/10.1016/j.crbeha.2021.100049. 



J. Clin. Med. 2024, 13, 3442 23 of 26 
 

 

182. Åström, D.O.; Simonsen, J.; Raket, L.L.; Sgarbi, S.; Hellsten, J.; Hagell, P.; Norlin, J.M.; Kellerborg, K.; Martinez-Martin, P.; Odin, 
P. High risk of developing dementia in Parkinson’s disease: A Swedish registry-based study. Sci. Rep. 2022, 12, 16759. 
https://doi.org/10.1038/s41598-022-21093-8. 

183. Hanagasi, H.A.; Tufekcioglu, Z.; Emre, M. Dementia in Parkinson’s disease. J. Neurol. Sci. 2017, 374, 26–31. 
https://doi.org/10.1016/j.jns.2017.01.012. 

184. Heinzel, S.; Berg, D.; Gasser, T.; Chen, H.; Yao, C.; Postuma, R.B.; the MDS Task Force on the Definition of Parkinson's Disease. 
Update of the MDS research criteria for prodromal Parkinson’s disease. Mov. Disord. 2019, 34, 1464–1470. 
https://doi.org/10.1002/mds.27802. 

185. Meireles, J.; Massano, J. Cognitive Impairment and Dementia in Parkinson’s Disease: Clinical Features, Diagnosis, and Manage-
ment. Front. Neurol. 2012, 3, 88. https://doi.org/10.3389/fneur.2012.00088. 

186. Marinus, J.; Visser, M.; Verwey, N.A.; Verhey, F.R.J.; Middelkoop, H.a.M.; Stiggelbout, A.M.; van Hilten, J.J. Assessment of 
cognition in Parkinson’s disease. Neurology 2003, 61, 1222–1228. https://doi.org/10.1212/01.wnl.0000091864.39702.1c. 

187. Pagonabarraga, J.; Kulisevsky, J.; Llebaria, G.; García-Sánchez, C.; Pascual-Sedano, B.; Gironell, A. Parkinson’s disease-cognitive 
rating scale: A new cognitive scale specific for Parkinson’s disease. Mov. Disord. 2008, 23, 998–1005. 
https://doi.org/10.1002/mds.22007. 

188. Outeiro, T.F.; Koss, D.J.; Erskine, D.; Walker, L.; Kurzawa-Akanbi, M.; Burn, D.; Donaghy, P.; Morris, C.; Taylor, J.-P.; Thomas, 
A.; et al. Dementia with Lewy bodies: An update and outlook. Mol. Neurodegener. 2019, 14, 5. https://doi.org/10.1186/s13024-019-
0306-8. 

189. Jellinger, K.A.; Korczyn, A.D. Are dementia with Lewy bodies and Parkinson’s disease dementia the same disease? BMC Med. 
2018, 16, 34. https://doi.org/10.1186/s12916-018-1016-8. 

190. Ferman, T.J.; Boeve, B.F. Dementia with Lewy bodies. Neurol. Clin. 2007, 25, 741–vii. https://doi.org/10.1016/j.ncl.2007.03.001. 
191. Walker, M.P.; Ayre, G.A.; Cummings, J.L.; Wesnes, K.; McKeith, I.G.; O’Brien, J.T.; Ballard, C.G. The Clinician Assessment of 

Fluctuation and the One Day Fluctuation Assessment Scale. Two methods to assess fluctuating confusion in dementia. Br. J. 
Psychiatry 2000, 177, 252–256. https://doi.org/10.1192/bjp.177.3.252. 

192. Van Dyk, K.; Towns, S.; Tatarina, O.; Yeung, P.; Dorrejo, J.; Zahodne, L.B.; Stern, Y. Assessing Fluctuating Cognition in Dementia 
Diagnosis: Interrater Reliability of the Clinician Assessment of Fluctuation. Am. J. Alzheimers Dis. Other Demen 2016, 31, 137–143. 
https://doi.org/10.1177/1533317515603359. 

193. Prajjwal, P.; Marsool, M.D.M.; Inban, P.; Sharma, B.; Asharaf, S.; Aleti, S.; Gadam, S.; Al Sakini, A.S.; Hadi, D.D. Vascular de-
mentia subtypes, pathophysiology, genetics, neuroimaging, biomarkers, and treatment updates along with its association with 
Alzheimer’s dementia and diabetes mellitus. Dis. Mon. 2023, 69, 101557. https://doi.org/10.1016/j.disamonth.2023.101557. 

194. Azarpazhooh, M.R.; Hachinski, V. Vascular cognitive impairment: A preventable component of dementia. Handb. Clin. Neurol. 
2019, 167, 377–391. https://doi.org/10.1016/B978-0-12-804766-8.00020-0. 

195. Iadecola, C.; Duering, M.; Hachinski MD, V.; Joutel, A.; Pendlebury, S.T.; Schneider, J.A.; Dichgans, M. Vascular Cognitive Im-
pairment and Dementia. J. Am. Coll. Cardiol. 2019, 73, 3326–3344. https://doi.org/10.1016/j.jacc.2019.04.034. 

196. Brenowitz, W.D.; Hubbard, R.A.; Keene, C.D.; Hawes, S.E.; Longstreth, W.T.; Woltjer, R.L.; Kukull, W.A. Mixed neuropatholo-
gies and estimated rates of clinical progression in a large autopsy sample. Alzheimers Dement. 2017, 13, 654–662. 
https://doi.org/10.1016/j.jalz.2016.09.015. 

197. Román, G.C.; Tatemichi, T.K.; Erkinjuntti, T.; Cummings, J.L.; Masdeu, J.C.; Garcia, J.H.; Amaducci, L.; Orgogozo, J.M.; Brun, 
A.; Hofman, A. Vascular dementia: Diagnostic criteria for research studies. Report of the NINDS-AIREN International Work-
shop. Neurology 1993, 43, 250–260. https://doi.org/10.1212/wnl.43.2.250. 

198. Skrobot, O.A.; Black, S.E.; Chen, C.; DeCarli, C.; Erkinjuntti, T.; Ford, G.A.; Kalaria, R.N.; O’Brien, J.; Pantoni, L.; Pasquier, F.; et 
al. Progress toward standardized diagnosis of vascular cognitive impairment: Guidelines from the Vascular Impairment of 
Cognition Classification Consensus Study. Alzheimers Dement. 2018, 14, 280–292. https://doi.org/10.1016/j.jalz.2017.09.007. 

199. Sokolovič, L.; Hofmann, M.J.; Mohammad, N.; Kukolja, J. Neuropsychological differential diagnosis of Alzheimer’s disease and 
vascular dementia: A systematic review with meta-regressions. Front. Aging Neurosci. 2023, 15, 1267434. 
https://doi.org/10.3389/fnagi.2023.1267434. 

200. Bair, J.L.; Patrick, S.D.; Noyes, E.T.; Hale, A.C.; Campbell, E.B.; Wilson, A.M.; Ransom, M.T.; Spencer, R.J. Semantic clustering 
fon common list-learning tasks: A systematic review of the state of the literature and recommendations for future directions. J. 
Clin. Exp. Neuropsychol. 2023, 45, 652–692. https://doi.org/10.1080/13803395.2023.2270204. 

201. Gaines, J.J.; Shapiro, A.; Alt, M.; Benedict, R.H.B. Semantic clustering indexes for the Hopkins Verbal Learning Test-Revised: 
Initial exploration in elder control and dementia groups. Appl. Neuropsychol. 2006, 13, 213–222. 
https://doi.org/10.1207/s15324826an1304_2. 

202. Ghafar, M.Z.A.A.; Miptah, H.N.; O’Caoimh, R. Cognitive screening instruments to identify vascular cognitive impairment: A 
systematic review. Int. J. Geriatr. Psychiatry 2019, 34, 1114–1127. https://doi.org/10.1002/gps.5136. 

203. Engelhardt, E.; Tocquer, C.; André, C.; Moreira, D.M.; Okamoto, I.H.; Cavalcanti, J.L. de S. Vascular dementia: Cognitive, func-
tional and behavioral assessment. Recommendations of the Scientific Department of Cognitive Neurology and Aging of the 
Brazilian Academy of Neurology. Part II. Dement. Neuropsychol. 2011, 5, 264–274. https://doi.org/10.1590/S1980-
57642011DN05040004. 

204. Hachinski, V.C.; Iliff, L.D.; Zilhka, E.; Du Boulay, G.H.; McAllister, V.L.; Marshall, J.; Russell, R.W.; Symon, L. Cerebral blood 
flow in dementia. Arch. Neurol. 1975, 32, 632–637. https://doi.org/10.1001/archneur.1975.00490510088009. 



J. Clin. Med. 2024, 13, 3442 24 of 26 
 

 

205. Mulkey, M. Understanding Frontotemporal Disease Progression and Management Strategies. Nurs. Clin. North. Am. 2019, 54, 
437–448. https://doi.org/10.1016/j.cnur.2019.04.011. 

206. Shinagawa, S. Phenotypic variety in the presentation of frontotemporal lobar degeneration. Int. Rev. Psychiatry 2013, 25, 138–
144. https://doi.org/10.3109/09540261.2012.743877. 

207. Thompson, J.; Stopford, C.; Snowden, J.; Neary, D. Qualitative neuropsychological performance characteristics in frontotem-
poral dementia and Alzheimer’s disease. J. Neurol. Neurosurg. Psychiatry 2005, 76, 920–927. 
https://doi.org/10.1136/jnnp.2003.033779. 

208. Diehl-Schmid, J.; Pohl, C.; Ruprecht, C.; Wagenpfeil, S.; Foerstl, H.; Kurz, A. The Ekman 60 Faces Test as a diagnostic instrument 
in frontotemporal dementia. Arch. Clin. Neuropsychol. 2007, 22, 459–464. https://doi.org/10.1016/j.acn.2007.01.024. 

209. Torralva, T.; Roca, M.; Gleichgerrcht, E.; Bekinschtein, T.; Manes, F. A neuropsychological battery to detect specific executive 
and social cognitive impairments in early frontotemporal dementia. Brain 2009, 132, 1299–1309. 
https://doi.org/10.1093/brain/awp041. 

210. Leslie, F.V.C.; Foxe, D.; Daveson, N.; Flannagan, E.; Hodges, J.R.; Piguet, O. FRONTIER Executive Screen: A brief executive 
battery to differentiate frontotemporal dementia and Alzheimer’s disease. J. Neurol. Neurosurg. Psychiatry 2016, 87, 831–835. 
https://doi.org/10.1136/jnnp-2015-311917. 

211. Gleichgerrcht, E.; Torralva, T.; Roca, M.; Manes, F. Utility of an abbreviated version of the executive and social cognition battery 
in the detection of executive deficits in early behavioral variant frontotemporal dementia patients. J. Int. Neuropsychol. Soc. 2010, 
16, 687–694. https://doi.org/10.1017/S1355617710000482. 

212. Dubois, B.; Slachevsky, A.; Litvan, I.; Pillon, B. The FAB: A Frontal Assessment Battery at bedside. Neurology 2000, 55, 1621–
1626. https://doi.org/10.1212/wnl.55.11.1621. 

213. An, R.; Gao, Y.; Huang, X.; Yang, Y.; Yang, C.; Wan, Q. Predictors of progression from subjective cognitive decline to objective 
cognitive impairment: A systematic review and meta-analysis of longitudinal studies. Int. J. Nurs. Stud. 2024, 149, 104629. 
https://doi.org/10.1016/j.ijnurstu.2023.104629. 

214. Jenkins, A.; Tree, J.; Tales, A. Distinct Profile Differences in Subjective Cognitive Decline in the General Public Are Associated 
with Metacognition, Negative Affective Symptoms, Neuroticism, Stress, and Poor Quality of Life. J. Alzheimers Dis. 2021, 80, 
1231–1242. https://doi.org/10.3233/JAD-200882. 

215. Benito-León, J.; Mitchell, A.J.; Vega, S.; Bermejo-Pareja, F. A population-based study of cognitive function in older people with 
subjective memory complaints. J. Alzheimers Dis. 2010, 22, 159–170. https://doi.org/10.3233/JAD-2010-100972. 

216. Exalto, L.G.; Hendriksen, H.M.A.; Barkhof, F.; van den Bosch, K.A.; Ebenau, J.L.; van Leeuwenstijn-Koopman, M.; Prins, N.D.; 
Teunissen, C.E.; Visser, L.N.C.; Scheltens, P.; et al. Subjective cognitive decline and self-reported sleep problems: The SCIENCe 
project. Alzheimers Dement. 2022, 14, e12287. https://doi.org/10.1002/dad2.12287. 

217. Omura, J.D.; Brown, D.R.; McGuire, L.C.; Taylor, C.A.; Fulton, J.E.; Carlson, S.A. Cross-sectional association between physical 
activity level and subjective cognitive decline among US adults aged ≥45 years, 2015. Prev Med 2020, 141, 106279. 
https://doi.org/10.1016/j.ypmed.2020.106279. 

218. Jia, F.; Li, Y.; Li, M.; Cao, F. Subjective Cognitive Decline, Cognitive Reserve Indicators, and the Incidence of Dementia. J. Am. 
Med. Dir. Assoc. 2021, 22, 1449–1455.e4. https://doi.org/10.1016/j.jamda.2020.08.005. 

219. López-Higes, R.; Rubio-Valdehita, S.; Delgado-Losada, M.L.; López-Sanz, D. Influence of cognitive reserve on neuropsycholog-
ical performance in subjective cognitive decline and mild cognitive impairment older adults. Curr. Psychol. 2024, 43, 3266–3274. 
https://doi.org/10.1007/s12144-023-04534-z. 

220. Diaz-Galvan, P.; Ferreira, D.; Cedres, N.; Falahati, F.; Hernández-Cabrera, J.A.; Ames, D.; Barroso, J.; Westman, E. Comparing 
different approaches for operationalizing subjective cognitive decline: Impact on syndromic and biomarker profiles. Sci. Rep. 
2021, 11, 4356. https://doi.org/10.1038/s41598-021-83428-1. 

221. Casaletto, K.B.; Heaton, R.K. Neuropsychological Assessment: Past and Future. J. Int. Neuropsychol. Soc. 2017, 23, 778–790. 
https://doi.org/10.1017/S1355617717001060. 

222. Franzen, S.; van den Berg, E.; Goudsmit, M.; Jurgens, C.K.; van de Wiel, L.; Kalkisim, Y.; Uysal-Bozkir, Ö.; Ayhan, Y.; Nielsen, 
T.R.; Papma, J.M. A Systematic Review of Neuropsychological Tests for the Assessment of Dementia in Non-Western, Low-
Educated or Illiterate Populations. J. Int. Neuropsychol. Soc. 2020, 26, 331–351. https://doi.org/10.1017/S1355617719000894. 

223. Franzen, S.; European Consortium on Cross-Cultural Neuropsychology (ECCroN); Watermeyer, T.J.; Pomati, S.; Papma, J.M.; 
Nielsen, T.R.; Narme, P.; Mukadam, N.; Lozano-Ruiz, Á.; Ibanez-Casas, I.; et al. Cross-cultural neuropsychological assessment 
in Europe: Position statement of the European Consortium on Cross-Cultural Neuropsychology (ECCroN). Clin. Neuropsychol. 
2022, 36, 546–557. https://doi.org/10.1080/13854046.2021.1981456. 

224. Howieson, D. Current limitations of neuropsychological tests and assessment procedures. Clin. Neuropsychol. 2019, 33, 200–208. 
https://doi.org/10.1080/13854046.2018.1552762. 

225. Prince, M.; Bryce, R.; Ferri, C. World Alzheimer Report 2011: The Benefits of Early Diagnosis and Intervention; Alzheimer’s Disease 
International: London, UK, 2011. 

226. Lou, I.X.; Chen, J.; Ali, K.; Shaikh, A.L.; Chen, Q. Mapping new pharmacological interventions for cognitive function in Alz-
heimer’s disease: A systematic review of randomized clinical trials. Front. Pharmacol. 2023, 14, 1190604. 
https://doi.org/10.3389/fphar.2023.1190604. 

227. Miculas, D.C.; Negru, P.A.; Bungau, S.G.; Behl, T.; Hassan, S.S.U.; Tit, D.M. Pharmacotherapy Evolution in Alzheimer’s Disease: 
Current Framework and Relevant Directions. Cells 2022, 12, 131. https://doi.org/10.3390/cells12010131. 



J. Clin. Med. 2024, 13, 3442 25 of 26 
 

 

228. Li, D.-D.; Zhang, Y.-H.; Zhang, W.; Zhao, P. Meta-Analysis of Randomized Controlled Trials on the Efficacy and Safety of 
Donepezil, Galantamine, Rivastigmine, and Memantine for the Treatment of Alzheimer’s Disease. Front. Neurosci. 2019, 13, 472. 
https://doi.org/10.3389/fnins.2019.00472. 

229. Thancharoen, O.; Limwattananon, C.; Waleekhachonloet, O.; Rattanachotphanit, T.; Limwattananon, P.; Limpawattana, P. 
Ginkgo biloba Extract (EGb761), Cholinesterase Inhibitors, and Memantine for the Treatment of Mild-to-Moderate Alzheimer’s 
Disease: A Network Meta-Analysis. Drugs Aging 2019, 36, 435–452. https://doi.org/10.1007/s40266-019-00648-x. 

230. Yadollahikhales, G.; Rojas, J.C. Anti-Amyloid Immunotherapies for Alzheimer’s Disease: A 2023 Clinical Update. Neurothera-
peutics 2023, 20, 914–931. https://doi.org/10.1007/s13311-023-01405-0. 

231. Reiss, A.B.; Muhieddine, D.; Jacob, B.; Mesbah, M.; Pinkhasov, A.; Gomolin, I.H.; Stecker, M.M.; Wisniewski, T.; De Leon, J. 
Alzheimer’s Disease Treatment: The Search for a Breakthrough. Medicina 2023, 59, 1084. https://doi.org/10.3390/medic-
ina59061084. 

232. Conti Filho, C.E.; Loss, L.B.; Marcolongo-Pereira, C.; Rossoni Junior, J.V.; Barcelos, R.M.; Chiarelli-Neto, O.; da Silva, B.S.; Pas-
samani Ambrosio, R.; Castro, F.C. de A.Q.; Teixeira, S.F.; et al. Advances in Alzheimer’s disease’s pharmacological treatment. 
Front. Pharmacol. 2023, 14, 1101452. https://doi.org/10.3389/fphar.2023.1101452. 

233. Fink, H.A.; Jutkowitz, E.; McCarten, J.R.; Hemmy, L.S.; Butler, M.; Davila, H.; Ratner, E.; Calvert, C.; Barclay, T.R.; Brasure, M.; 
et al. Pharmacologic Interventions to Prevent Cognitive Decline, Mild Cognitive Impairment, and Clinical Alzheimer-Type De-
mentia: A Systematic Review. Ann. Intern. Med. 2018, 168, 39–51. https://doi.org/10.7326/M17-1529. 

234. Karakaya, T.; Fußer, F.; Schröder, J.; Pantel, J. Pharmacological Treatment of Mild Cognitive Impairment as a Prodromal Syn-
drome of Alzheimer’s Disease. Curr. Neuropharmacol. 2013, 11, 102–108. https://doi.org/10.2174/157015913804999487. 

235. Olazarán, J.; Reisberg, B.; Clare, L.; Cruz, I.; Peña-Casanova, J.; Del Ser, T.; Woods, B.; Beck, C.; Auer, S.; Lai, C.; et al. Nonphar-
macological therapies in Alzheimer’s disease: A systematic review of efficacy. Dement. Geriatr. Cogn. Disord. 2010, 30, 161–178. 
https://doi.org/10.1159/000316119. 

236. Boise, L.; Morgan, D.L.; Kaye, J.; Camicioli, R. Delays in the diagnosis of dementia: Perspectives of family caregivers. Am. J. 
Alzheimer’s Dis. 1999, 14, 20–26. https://doi.org/10.1177/153331759901400101. 

237. Holm, E.; Jacobsen, K.K.; de Lony, T.B.; Lembeck, M.; Pedersen, H.; Andersson, C.; Johannsen, P.; Jørgensen, T.S.H.; Torp-Peder-
sen, C. Frequency of missed or delayed diagnosis in dementia is associated with neighborhood socioeconomic status. Alzheimer’s 
Dement. Transl. Res. Clin. Interv. 2022, 8, e12271. https://doi.org/10.1002/trc2.12271. 

238. Power, M.C.; Willens, V.; Prather, C.; Moghtaderi, A.; Chen, Y.; Gianattasio, K.Z.; Grodstein, F.; Shah, R.C.; James, B.D. Risks 
and Benefits of Clinical Diagnosis Around the Time of Dementia Onset. Gerontol. Geriatr. Med. 2023, 9, 23337214231213185. 
https://doi.org/10.1177/23337214231213185. 

239. Chua, X.Y.; Ha, N.H.L.; Cheong, C.Y.; Wee, S.L.; Yap, P.L.K. The Changing Profile of Patients in a Geriatric Medicine Led 
Memory Clinic over 12 Years. J. Nutr. Health Aging 2019, 23, 310–315. https://doi.org/10.1007/s12603-019-1161-6. 

240. Cerejeira, J.; Lagarto, L.; Mukaetova-Ladinska, E.B. Behavioral and psychological symptoms of dementia. Front. Neurol. 2012, 3, 
73. https://doi.org/10.3389/fneur.2012.00073. 

241. Chen, L.; Zhen, W.; Peng, D. Research on digital tool in cognitive assessment: A bibliometric analysis. Front. Psychiatry 2023, 14, 
1227261. https://doi.org/10.3389/fpsyt.2023.1227261. 

242. Germine, L.; Reinecke, K.; Chaytor, N.S. Digital neuropsychology: Challenges and opportunities at the intersection of science 
and software. Clin. Neuropsychol. 2019, 33, 271–286. https://doi.org/10.1080/13854046.2018.1535662. 

243. Beishon, L.C.; Elliott, E.; Hietamies, T.M.; Mc Ardle, R.; O’Mahony, A.; Elliott, A.R.; Quinn, T.J. Diagnostic test accuracy of 
remote, multidomain cognitive assessment (telephone and video call) for dementia. Cochrane Database Syst. Rev. 2022, 4, 
CD013724. https://doi.org/10.1002/14651858.CD013724.pub2. 

244. Belleville, S.; LaPlume, A.A.; Purkart, R. Web-based cognitive assessment in older adults: Where do we stand? Curr. Opin. Neu-
rol. 2023, 36, 491–497. https://doi.org/10.1097/WCO.0000000000001192. 

245. Boccardi, M.; Monsch, A.U.; Ferrari, C.; Altomare, D.; Berres, M.; Bos, I.; Buchmann, A.; Cerami, C.; Didic, M.; Festari, C.; et al. 
Harmonizing neuropsychological assessment for mild neurocognitive disorders in Europe. Alzheimers Dement. 2022, 18, 29–42. 
https://doi.org/10.1002/alz.12365. 

246. Artificial Intelligence in Neuropsychology: The Promise of Reinforcement Learning Available online: https://theaacn.org/dis-
ruptive-technology-initiative/artificial-intelligence-in-neuropsychology-the-promise-of-reinforcement-learning/ (accessed on 
May 28, 2024). 

247. Veneziani, I.; Marra, A.; Formica, C.; Grimaldi, A.; Marino, S.; Quartarone, A.; Maresca, G. Applications of Artificial Intelligence 
in the Neuropsychological Assessment of Dementia: A Systematic Review. J. Pers. Med. 2024, 14, 113. 
https://doi.org/10.3390/jpm14010113. 

248. Borchert, R.J.; Azevedo, T.; Badhwar, A.; Bernal, J.; Betts, M.; Bruffaerts, R.; Burkhart, M.C.; Dewachter, I.; Gellersen, H.M.; Low, 
A.; et al. Artificial intelligence for diagnostic and prognostic neuroimaging in dementia: A systematic review. Alzheimers Dement. 
2023, 19, 5885–5904. https://doi.org/10.1002/alz.13412. 

249. Bazarbekov, I.; Razaque, A.; Ipalakova, M.; Yoo, J.; Assipova, Z.; Almisreb, A. A review of artificial intelligence methods for 
Alzheimer’s disease diagnosis: Insights from neuroimaging to sensor data analysis. Biomed. Signal Process. Control. 2024, 92, 
106023. https://doi.org/10.1016/j.bspc.2024.106023. 



J. Clin. Med. 2024, 13, 3442 26 of 26 
 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


	1. Introduction
	2. Methods
	3. Detection and Screening for Cognitive Impairment
	3.1. Early Detection of Cognitive Changes
	3.2. Screening for Cognitive Impairment

	4. Neuropsychological Assessment and Differential Diagnosis of Dementia
	4.1. Alzheimer’s Disease
	4.2. Parkinson’s Disease
	4.3. Dementia with Lewy Bodies
	4.4. Vascular Dementia
	4.5. Frontotemporal Dementia

	5. Discussion
	6. Conclusions
	7. Future Directions
	References

