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Abstract (248 words) 

Background 

Routine psychiatric assessments tailored to older patients are often insufficient to identify the complexity of 

presentation in younger patients with dementia. Significant overlap between psychiatric disorders and 

neurodegenerative disease means that high rates of prior incorrect psychiatric diagnosis are common. Long 

delays to diagnosis, misdiagnosis and lack of knowledge from professionals are key concerns. No specific 

practice guidelines exist for diagnosis of young onset dementia (YOD). 

 
Aim 

The review evaluates the current evidence about best practice in diagnosis to guide thorough assessment of the 

complex presentations of YOD with a view to upskilling professionals in the field. 

 
Method 

A comprehensive search of the literature adopting a scoping review methodology was conducted regarding 

essential elements of diagnosis in YOD, over and above those in current diagnostic criteria for disease subtypes. 

This methodology was chosen because research in this area is sparse and not amenable to a traditional systematic 

review. 

 
Results 

The quality of evidence identified is variable with the majority provided from expert opinion and evidence is 

lacking on some topics. Evidence appears weighted towards diagnosis in fronto-temporal dementia (FTD) and 

its subtypes and young onset Alzheimer’s disease (AD). 

 
Conclusion 

The literature demonstrates that a clinically rigorous and systematic approach is necessary in order to avoid mis- 

or under-diagnosis for younger people. The advent of new disease modifying treatments necessitates clinicians 

in the field to improve knowledge of new imaging techniques and genetics, with the goal of improving training 

and practice, and highlights the need for quality indicators and alignment of diagnostic procedures across 

clinical settings. 
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Introduction 

Young onset dementia (YOD), arbitrarily described as dementia diagnosed under 65 years, is poorly recognised 

and often misdiagnosed (1,2). This clinical review evaluates the current evidence about best practice in diagnosis 

to guide thorough assessment of the complex presentations of YOD. 

 
Many clinical practice guidelines on the diagnosis and management of dementia exist, but vary in the grading 

systems used to assess the quality of evidence and the strength of recommendations (3). There are currently no 

specific practice guidelines about diagnosis in YOD although excellent practice pointers specific to key areas 

are available (4–6). 

 
The differential diagnosis of YOD encompasses complex presentations of the common primary 

neurodegenerative diseases as well as autoimmune, inflammatory, late onset metabolic and hereditary/familial 

causes (5). While Alzheimer’s disease (AD) makes up the majority of cases, it represents a significantly smaller 

percentage than in late onset Alzheimer’s disease (LOAD) and presentations are frequently non-amnestic in 

nature (7). 

 
Heterogeneity of presentation in young onset dementia 

Dementia diagnosis is dominated by the traditional view, derived from the numerical dominance of LOAD, that 

all dementia is associated with episodic memory loss and functional decline. For some clinicians in general 

practice, adult psychiatry and older adult memory services, atypical presentations of the common dementias in 

younger people are rarely encountered and this can result in delay to referral, clinical under-investigation, 

misdiagnosis, and delays in obtaining a definitive diagnosis (8,9). 

 
For example, one in three people with young onset AD present with problems associated with posterior cortical 

atrophy (PCA). Rather than reporting memory problems, that are more typical of LOAD (10), those with PCA 

experience problems with object recognition and other visual changes. Autosomal dominant forms of FTD and 

AD are also common and may present with neurological symptoms (11). People with behavioural variant fronto- 

temporal dementia (bvFTD), may start to show lack of empathy or concern for others, and social disinhibition, 

such as being over-familiar with strangers or acting on aggressive or appetitive urges, by swearing or over- 

eating sweet foods (12). Changes in managing complex tasks may be identified by individuals becoming 

apathetic, perseverative or failing to plan-ahead. Similarly, those with primary progressive aphasias (13) are 

likely to experience various problems with language, for example retaining meaning of words, producing or 

finding words. None of these difficulties are well-captured through most of the common cognitive screening 

tests for dementia, as these are focused predominantly on testing orientation and memory. 

 
Biological differences in young onset dementia 

In addition to issues of heterogeneity, emerging evidence confirms distinct biological differences between 

LOAD and young onset AD, with the latter having greater neocortical pathology, particularly in the parietal 

cortex, greater tau compared with amyloid burden, and less hippocampal disease (11). Recent analysis suggests 

that an age cut-off of 70 provides better differentiation on neuropsychology testing between early- and late- 

onset AD than the standard cut-off of 65 years old (14). There is also emerging evidence of younger people with 

bvFTD having significantly higher rates of disinhibition, more loss of sympathy/empathy and more 

perseverative, compulsive behaviours compared with those with late onset (15). 
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Thus the evidence suggests that effective diagnosis of YOD must be guided by differences that distinguish it 

from late onset disease, and also encompass the inherent heterogeneity within a younger population (16). 

 
Delays to diagnosis and misdiagnosis 

Evidence regarding delays to diagnosis has identified that although 60% of young onset patients sought help 

within 12 months of symptom onset (17), it took an average of 3.3 years in a young onset AD group and 4.9 

years in a young onset FTD group to receive a formal diagnosis (18). More recent studies, indicate that the 

average time to diagnosis was 4.4 years in younger people for all-cause dementia compared to 2.2 years for late 

onset disease of comparable severity (19). Increased time to diagnosis for younger people, is more likely when 

the younger person receives a diagnosis of FTD, rather than other dementia types (20). Given the significance 

of changes in empathy and disinhibition often associated with FTD, delay in diagnosis can mean that close 

relationships break down prior to diagnosis or that people take considerable risks. Additionally, the time to 

dementia diagnosis is significantly longer when the dementia is other than AD or FTD (21). The INSPIRED 

(Improving Services for Younger Onset Memory and Related Disorders) study from Australia recently reported 

time to final diagnosis of the type of dementia from first presentation as 4.7 years (20). Participants with younger 

onset experienced significantly longer time to first consultation and to family awareness of the dementia 

diagnosis (22). 

 
Psychiatric presentation 

Atypical presentations of YOD frequently overlap with psychiatric conditions resulting in misdiagnosis as a 

psychiatric illness preceding final diagnosis of YOD, accounting for 28% of cases presenting to a specialist 

clinic in a retrospective blinded chart review study (23). The consequences of misdiagnosis include delay to 

diagnosis, use of ineffective and potentially harmful treatments, delays to getting appropriate support and 

increased family stress (24). Furthermore, several studies (1,2,25) have evaluated the quality of the diagnostic 

work-up in patients aged 65 years and younger using evidence-based guidelines for the diagnostic evaluation 

of dementia as reference standards including as a minimum: history of cognitive symptoms, cognitive testing, 

psychiatric evaluation, physical examination including neurological examination, assessment of activities of 

daily living (ADL), a battery of blood tests, ECG and CT or MRI scan of the brain. An acceptable diagnostic 

work-up including all items of recommended basic diagnostic evaluation was performed in only 24% (1). 

The aim in this review is to inform the debate regarding the essential elements of the diagnostic process in YOD, 

over and above the use of current diagnostic criteria for disease subtypes and to identify current advances and 

research findings in preparation for an international Delphi consensus on diagnosis of YOD funded by the 

Alzheimer’s Society. It is not intended to provide an overview of key features and assessment of the main 

neurodegenerative conditions which are covered comprehensively elsewhere (6,26–29). 

 

 

 
Method 

 
A comprehensive search of the literature, adopting a scoping review methodology (30) was conducted, and 

updated in September 2018. Two electronic search engines were used: PubMed and Web of Science. We 

focused only on research articles that had been published in peer reviewed journals to ensure the evidence base 

and methodology used was rigorous. The databases were selected as they particularly cover life science and 

biomedical fields of research and allowed us to focus on whether our key search terms were found in the 

highlighted papers’ abstracts. 

 

 
Search strategy and selection criteria 
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Systematic and concise terms were used to search for relevant papers. (See Table 1 for details of the 

terminology). The terms groups were combined using Boolean operators, using the AND function in the 

following manner: 1 AND 2 AND 3. 

 

TABLE 1 HERE 
Group Terms (in title or abstract) 

1 – defining terms 

for young onset 

TS=(("young onset" OR "younger onset" OR "early onset" OR “presenile” OR 

"working age" OR “YOD” OR "under 65") NOT (“elderly” OR “older” OR 
“late”)) 

2 – defining terms 

for dementia, and 

individual 

diagnoses 

TS=("dementia" AND "Alzheimer's" OR "vascular dementia" OR "frontotemporal 

dementia" OR "Semantic dementia" OR "Huntington’s disease" OR "acquired 

brain injury" OR "Parkinson’s disease" OR "Creutzfeldt-Jakob" OR "CJD" OR 

"Lewy bodies" OR "Picks disease" OR "cognitive impairment" OR 

"neurocognitive disorder" OR “Posterior Cortical Atrophy”) 

3 – defining terms 

for the diagnostic 
process 

TS=(“diagnosis” AND “assessment” OR “diagnostic” OR “GP” OR 

“misdiagnosis” OR “misdirection” OR “referral” OR “clinicians” OR 
“biomarkers” OR “neuropsych” OR “neuroimage”) 

 

Table 1: A breakdown of the three criteria (defining terms for young onset, individual dementia diagnoses and 

terms related to the diagnostic process) and terms used when searching the search engines for appropriate 

articles. 

 
 

Additional inclusions 

The initial search was conducted on 16th June 2017, to include papers published between the years 2012-2017. 

On 12th September 2018 the search was re-run and updated using the original search terms to establish if any 

additional papers had been published; therefore, the search included papers published between 16th June 2012- 

12th September 2018. Studies conducted internationally (i.e. outside of the UK) were included, though only 

articles written in English were included. Database search strategies were supplemented with snowballing 

methods (31), including reference list and citation searches, author searches and hand searching of key journals. 

 
Exclusion criteria 

The exclusion criteria were: 

1. Studies focused on Korsakoff/alcohol induced dementia or dementia caused by HIV/AIDS, as these 

conditions traditionally have different pathways to diagnosis and care. 

2. Dementia research solely focused on late-onset dementia, as these would not reflect YOD. 

3. Articles concerning late onset dementia. 

4. Papers related to psychosocial approaches and basic neuroscience. 

5. Articles focused solely on qualitative reports about the experience of assessment and diagnosis from 

people living with YOD. 

 
Two reviewers (JC and MOM) independently screened titles and abstracts identified by the search and applied 

the selection criteria to potentially relevant papers. The full-texts that were appropriate and included in the 

review following initial abstract screening were then read in full by the same two authors. 

 

 
Data extraction 

 
Our data extraction process involved removing duplicated papers from the two separate databases, including 

any additional papers found through protocol driven strategies. All abstracts were reviewed for whether they 

met criteria, and full-texts were read for those remaining papers. After reading the 55 full-texts, 12 articles were 



 

Records identified through 

database searching 

PubMed: 61 

Web of Science: 65 

Records after duplicates removed: 96 

Screening of 96 titles and 

abstracts 

(reviewer: JC & MOM) 

rejected as it was discovered upon reading that they did not meet our exclusion criteria. In total 43 papers met 

criteria and were included (See Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 HERE 
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identified through protocol 

driven strategies: 2 

 

Full-text assessment for 

eligibility: 55 

(reviewer: JC & MOM) 

Selected articles for final review: 43 

Rejection of 12 articles: 

full-text reading revealed 

that they were either 

related to genetic or 

neuropathology YOD 

research, research 

investigating LOD, or not 

focused on diagnosis of 

YOD. 6 
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Figure 1. screening and literature selection procedure. 

 

 

 

 

 

 

 

 

 

 

 

Results 

 
The 43 papers were grouped into themes related to the standard clinical approach to diagnostic assessment, i.e. 

history taking, physical examination, investigation and diagnosis. A summary of key pointers for the clinical 

assessment is outlined in Table 2. 

 
TABLE 2 HERE 

Key points box RED FLAGS FOR DIAGNOSIS 

Clinical assessment Consider potential red 
flags in 

Description and references 

History taking Presenting complaints Detailed history taking from a family member/informant 

is essential (27,28,32,33) 

Ask about key emotional, cognitive and behavioural 

symptoms (33) 

Identify anterior and posterior deficits (33) 

Key features that may aid discrimination in familial 

disease; an early and progressive age of onset, history of 

headaches, myoclonus, gait abnormalities and 

pseudobulbar affect (34) 

  

Family history 

 

Ask about first degree relatives who have a diagnosis of 

a neurological condition or dementia (35,36) 
Take a detailed family history of three generations (26) 

  

Psychiatric history 

 

Consider use of a rating scale to assess mood and 

behaviour e.g. Geriatric Depression Scale (GDS)(37), 

Hamilton Anxiety and/or Depression Scale 

(38,39) or the Neuropsychiatric Inventory (NPI) (40) 

Caution when ascribing emotional and eating symptoms 

to mood disorders 

 
Behavioural symptoms Consider 
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  a) Use of social cognition questionnaire (41) 
b) Use of NPI (40) 

Beware late onset psychosis and treatment resistant 

depression as a proxy for YOD (20) 

Physical 
examination 

Neurological examination Look for 

Apraxia, parkinsonism, upper and lower motor neurone 

symptoms, eye signs, cerebellar signs, extrapyramidal 

signs, frontal release signs (5,6,32) 

Mental state 

examination 

Psychiatric assessment Consider carer-based questionnaires including NPI 

 

Consider red flags to discriminate functional from 
organic cause (12,23,26,42) 

Ask about: 

• Mood 

• Appetite change 

• Sleep 

• Compulsive behaviour/rituals 

• Abnormal beliefs/perceptions 

• Personality change 

Investigations Neuropsychology 

 

 

 

Cognitive tests 

Consider tests of decision making, emotion processing 
and social cognition test in cognitive assessment in FTD 

 

ACE-III, MoCA, FAB (43–45) 

 

Consider formal neuropsychology testing in all cases of 

suspected YOD in those under 70 (46,47) 

 

Use validated tools 

 Neuroimaging 

MRI 

 

 

 

Amyloid PET 

Visual inspection by an experienced neuroradiologist of 

MTA (48) 

 

 

 

Consider for all early onset dementia, and atypical or 

complex presentations 

 

Consider ‘appropriate use’ criteria (49,50) 

 CSF (cerebrospinal fluid) 

analysis 

Consider CSF LP for all early onset dementia, and 

atypical or complex presentations (51,52) 

Consider ‘appropriate use’ criteria (49,50) 

https://pathways.nice.org.uk/pathways/dementia 



9  

 Genetic testing 

access to symptomatic and 
predictive testing 

In FTD and AD 

Consider testing in symptomatic individual with 

1. Early onset AD/FTD in the setting of a family 

history of dementia 

2. Autosomal dominant family history of dementia 

with one or more cases young onset AD or FTD 

3. A relative with known mutation 

(35,53) 
 

Table 2: Key points box – red flags for diagnosis. GDS - Geriatric Depression Scale, HADS – Hamilton 

Depression and Anxiety Scale, NPI – neuropsychiatric inventory, ACE-III - Addenbrookes Cognitive 

Examination, MoCA - Montreal Cognitive Assessment, FAB - Frontal Assessment Battery, PET - Positron 

Emission Tomography, MTA - medial temporal atrophy and LP - lumbar puncture. 

 
History taking 

 
The majority of papers related to traditional methods of clinical history taking (see Table 2). However, Snowden 

at al. (2011), identified that a guided, more structured approach to diagnosis in identifying AD and fronto- 

temporal dementias (FTD) in younger people leads to higher correlation with post-mortem findings (33). In 

this approach, consideration of time course of the illness, pattern of physical, behavioural and cognitive 

symptoms, comparison of anterior v posterior cognitive deficits and specificity of cognitive deficits, e.g. non- 

focal or focal, yielded high specificity and sensitivity (FTD 97% and 100%, AD 100% and 97% respectively) 

where supplementary neuroimaging had been unhelpful. 

 
Within this broad framework, the importance of taking a collateral history from an informant/family member 

was generally emphasised (27,28,32,33) but felt to be particularly salient in those presenting with non-cognitive 

behavioural problems or personality change which might indicate a diagnosis of FTD. 

 
When eliciting key symptoms, most research has focused primarily upon discrimination of FTD from AD. Key 

areas, namely, stereotypic or ritualistic behaviour (such as clockwatching, stereotyped use of catch- phrases, 

preoccupation with counting and numbers), appetite increase and change in preference for sweet food, 

disinhibition, and features of poor social awareness have been shown to reliably separate groups with FTD from 

those with AD on factor analysis of a carer-rated scale of neuropsychiatric symptoms for assessment of patients 

where conventional cognitive tests are unlikely to be discriminatory (54). The suggested use of open-ended 

questions during history taking such as ‘has the patient said or done anything embarrassing?’, ‘does he or she 

seem indifferent/obsessive or less affectionate?’ may help elucidate these key symptoms (26,27). For AD, 

detailed understanding of key features may help. For example, in the absence of a reliable family history, a 

retrospective cohort study of familial and non-familial early onset AD with the commonest PSEN1 mutation 

identified the following clinical characteristics as key features that may aid discrimination; an early and 

progressive age of onset, history of headaches, myoclonus, gait abnormalities and pseudobulbar affect (34). 

 
Family history 

A history of familial disease is particularly relevant in YOD as familial forms of neurodegeneration are more 

frequent in this age group. Taking a clear family history of dementia or other neurological diseases is advocated, 

in particular the use of a detailed family history of at least 3 generations (26). High risk, indicating the need for 

genetic testing, may be indicated by a history of one affected relative in the case of FTD (35) and two first 

degree relatives with early onset AD in the case of AD (53). One should note that this information may be 

insufficient for those who lack a known or reliable family history and be masked in those with small families 

and premature death due to other causes. A comprehensive overview of approaches to genetic testing and 

counselling in YOD is beyond the scope of this review and is available elsewhere (35). 
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Psychiatric history 

Psychiatric evaluation can identify behavioural and psychological symptoms which are common and contribute 

to patient distress and care burden (1). However, very limited attention has been given to the importance of 

psychiatric assessment and development or use of appropriate tools despite clear evidence of frequent 

presentation of younger people living with dementia (YPD) to psychiatric services. High rates of psychiatric 

misdiagnosis are driven by the significant overlap in symptoms of neurodegenerative disease especially bvFTD 

and psychiatric disorders (55). In one study, 28% of individuals with a neurodegenerative disease had a prior 

incorrect psychiatric diagnosis (23). Across groups, depressive disorders and bipolar affective disorder were the 

most common misdiagnoses although a diagnosis of Schizophrenia was not uncommon. Rates ranged from 

<12% in those with atypical presentations e.g. prominent language, speech or movement disorders and up to 

52% in those with bvFTD (23). Over 50% of patients waited up to 3 years before the diagnosis was revised. 

Although onset in 30s and 40s may overlap with age of onset for a psychotic disorder, lack of first rank 

symptoms and a clear family history, often autosomal dominant in nature of a neurodegenerative condition 

should raise suspicion of a neurodegenerative condition. 

 
Younger age of symptom onset, limited education and a strong family history of psychiatric illness are 

significantly associated with prior psychiatric misdiagnosis in bvFTD. The key features at presentation 

identified by clinicians as suggesting a functional rather than organic aetiology were emotional symptoms and 

eating symptoms often leading to misdiagnosis of those with FTD as having major depressive disorder (23). 

Equally, apathy, social withdrawal and lack of initiation may be mis-identified as depression (56). As aids to 

discrimination, the ritualistic and impulsive behaviours of bvFTD usually lack the anxiety of obsessive- 

compulsive disorders, and dietary changes e.g. overeating with dramatic weight gain are uncharacteristic of 

depressive disorders. Similarly, history of longstanding delusions, command auditory as opposed to visual 

hallucinations, intermittent history of anxiety and depression, hypomanic episodes and distressing compulsions 

impacting on day to day life are more indicative of primary psychiatric illness. 

 
The use of a structured carer-based questionnaire such as the Neuropsychiatric Inventory (NPI) can be helpful 

to capture changes in behaviour and to assist diagnostic accuracy (39). Neuropsychiatric symptoms have a 

significant impact on patients and supporters and represent the main predictor of a move to institutional care 

(57). 

Recently, discovery of the C9orf72 mutation associated with bvFTD has focused upon psychosis as a presenting 

psychiatric symptom in FTD which may occur years before dementia onset (53). Psychotic symptoms are not 

included in current diagnostic criteria for FTD. A recent review, based on 122 publications, concluded that the 

approximate prevalence of psychotic symptoms in FTD is 10% (55). Among those with a known genetic 

background, psychotic symptoms have been found to be especially common in both progranulin and C9ORF72 

carriers with reported prevalence of 25% of progranulin mutation carriers (58) and around 50% or more in 

C9ORF72 (59). Misdiagnosis of patients carrying the C9Orf72 mutation with a psychiatric diagnosis (e.g. 

schizophrenia) is reported and this may be particularly problematic for those patients with no neurological signs 

to orientate diagnosis. 

Overall, the evidence suggests that a high index of suspicion is necessary for younger and mid-life patients who 

present with new onset depressive, behavioural, psychotic or cognitive symptoms (23). Additional assessment 

pointers to avoiding misdiagnosis as psychiatric illness include re-evaluation of previously diagnosed treatment- 

resistant depression which may be a proxy for co-morbid dementia (20). 

 
Physical and Neurological examination 

No specific guide to neurological examination in YOD is available in the literature but good clinical practice 

would suggest that thorough neurological examination accompanied by physical examination is a vital part of 

the approach to accurate diagnosis. Although, typically unremarkable, early identifying clues to possible 

diagnoses may include apraxia, parkinsonism, upper and lower motor neurone symptoms, eye signs, cerebellar 

signs, extrapyramidal signs, and frontal release signs (5,6,32). 
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Investigations 

Neuropsychology and cognitive assessment 

Neuropsychology testing acts as a gatekeeper to more extensive investigations and provides objective evidence 

of cognitive deficit. Generally, more subtle approaches to cognitive assessment are required in YOD and 

measures such as the Montreal Cognitive Assessment (43) and Addenbrookes Cognitive Examination (44) 

may be unhelpful. More accurate assessment may be enhanced by the use of appropriate assessment tools. For 

example, there is increasing recognition that bvFTD may have an amnestic component, making it more difficult 

to distinguish from AD, despite diagnostic guidelines. Several studies indicate that in the absence of CSF 

biomarkers and Amyloid PET imaging, social cognition tools (such as, the (Mini) Social Cognition and 

Emotional Assessment Tool - mini-SEA/SEA) may be more useful in distinguishing bvFTD from AD (41). In 

addition, the Frontal Assessment Battery (FAB) (45) which tests for a number of cognitive changes associated 

with FTD (conceptualisation, mental flexibility, motor programming, sensitivity to interference, inhibitory 

control, and environmental autonomy) may be useful for eliciting clinical symptoms. 

Recent studies support a differentiated pattern of neuropsychological impairment in some dementia subtypes 

according to age. For example, Palasi et al. (2015) showed that young onset AD patients performed worse than 

LOAD in attentional, imitation praxis and verbal learning tests, and that an age cut-off of 70 differentiated 

between early- and late-onset groups better than the standard cut-off of 65 years old (14). These findings 

emphasis that scoring thresholds may need to be adapted on routine neuropsychological test batteries when 

administered to younger adults. 

 
Furthermore, despite current diagnostic criteria for FTD, at least in the early stages, the traditional view of 

episodic memory impairment in young onset AD and language and executive dysfunction in FTD may not be a 

useful discriminatory factor and a more comprehensive assessment is necessary (46,47). In a large comparison 

of neuropsychological data in pathologically confirmed cases of AD and FTD, the neuropsychological test 

battery of the Uniform Data Set (60) which is essentially a standard test battery, with the exception of memory, 

did not separate cognitive performance across the two groups. This raises the issue of whether in the absence of 

specific biomarkers, standard neuropsychological test batteries, used frequently in memory clinics, contribute 

to accurate diagnosis and indicate more tailored approaches are essential. Many tests of cognitive impairment 

are used in memory clinics without having been validated in populations under 65 (61). 

Biomarkers 

a)Neuroimaging 

Neuroimaging remains a crucial first-line investigation in diagnosis of all types of dementia. MRI is considered 

the preferred modality to aid differential diagnosis or exclude diagnoses often by aiding assessment of patterns 

of atrophy (29,62). Advances in techniques and image analysis increasingly support the inclusion of more 

specialised imaging protocols as a key biomarker in diagnosis of YOD although translation into use in everyday 

clinical practice is lacking. Medial temporal lobe atrophy is recognised as a supportive biomarker for the 

diagnosis of AD. The medial temporal lobe atrophy (MTA) scale is the commonest visual rating scale of 

hippocampal atrophy in AD and its use extends to clinical practice in some settings (63). The cut off used for 

the scale is critical to discriminate disease from non-cases. However, for AD in younger populations, where 

presentations with posterior cortical atrophy are more common, the Posterior Atrophy (PA) scale in combination 

with the MTA scale may aid discrimination (64). It may also have a role to discriminate AD from FTD and 

enhance diagnosis of focal AD presentations in a younger group where MTA may be absent (7). 

 
An analysis of three different visual rating scales looking at sensitivity and specificity of MTA cut off scores 

suggested that adjustment of cut-offs according to age would help further with diagnostic accuracy in younger 

populations (63,64). However, more clinically realistic, since such sophisticated techniques are generally only 

available in major centres, visual inspection by an experienced neuroradiologist has equally been demonstrated 
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to be highly correlated with pathologically confirmed diagnosis (48). Similarly, normal MRI in cases of 

clinically severe dementia should prompt reconsideration of diagnosis. 

 
Clinical use of molecular imaging 

The growing evidence base for molecular imaging has led to the introduction of clinical guidelines (65) 

recommending the use FDG-PET or SPECT (single-photon emission computer tomography), principally, for 

all cases of early onset cognitive decline and for prominent non-amnestic presentations involving language, 

visuo-spatial, behavioural executive and/or non-cognitive symptoms in AD or prominent amnestic presentation 

in non-AD dementias. Although only a few studies are available with evidence about specificity and sensitivity 

of FDG-PET and SPECT in atypical AD, the European federation of the Neurological sciences recommend 

their use when diagnosis is in doubt after structural imaging and clinical work up (4). Similarly the use of 

Amyloid PET imaging is advocated in young onset AD presenting with non-amnestic symptoms, in patients 

presenting with clinically atypical presentations, and in differentiation of AD from FTD as the latter is not 

associated with amyloid deposition in younger patients (4,66,67). Additionally, the guidelines suggest that there 

is value for functional imaging in those with severe cognitive impairment in psychiatric disease or where 

cognitive testing is not possible. 

 
b)CSF Biomarkers 

Three types of biological marker are found in CSF and are currently in use: Aβ1-42 amyloid protein, total Tau 

(T-tau) and phosphorylated tau (P-tau), tau proteins. Although many published studies suffer from a lack of 

blinding and pathological confirmation of diagnosis, the lower frequency of mixed pathology in younger people 

and the reduced likelihood of pathological change in CSF compared to older patients has led to the suggestion 

that positive AD CSF biomarkers may be most useful in diagnosis of YOD (51). The National Institute of 

Ageing-Alzheimer’s Association criteria for AD dementia recognises the importance of positive AD CSF 

biomarkers in research diagnostic criteria guidelines but suggests that challenges in achieving required 

sensitivity and specificity, and centre-to-centre variability, precludes their use in clinical practice. Conversely, 

the Alzheimer’s biomarkers standardisation initiative (52) reached consensus that AD CSF biomarker analysis 

be considered as a routine clinical test in all early onset dementia, atypical or complex presentations. Given the 

variation in attitudes and use of CSF biomarkers, it has been suggested that developing consensus guidelines on 

CSF-related methodologies and how they are applied clinically would be beneficial (68). The new National 

Institute for Clinical excellence guidelines, (NICE, UK) 2018 outline the value of FDG-PET or perfusion 

SPECT and/or CSF biomarkers in a systematic approach to identifying specific dementia subtypes 

(https://pathways.nice.org.uk/pathways/dementia). 
 

There is currently no conclusive head-to-head comparison study of Amyloid PET imaging in early versus late 

onset disease (69), and no firm evidence regarding a hierarchy of implementation with regard to CSF markers 

versus Amyloid PET (70) to guide clinical practice. ‘Appropriate use’ criteria for amyloid PET imaging in 

patients with progressive dementia and atypically young age (49,50) support its value. 

 
Discussion 

Prevalence figures for the numbers of people with YOD in most countries (including the UK) are lacking, 

presenting a significant hurdle to adequate provision of specialist services. Patient groups continue to express 

concerns about long delays to diagnosis, lack of knowledge from key professionals, lack of continuity of care 

and limited information at the time of diagnosis (71). Equally, because the majority of dementia services remain 

primarily focused upon the needs of older people, gaining access to age-appropriate post-diagnosis interventions 

remains challenging for younger people (72). 

Young onset dementia presents a significant diagnostic challenge and atypical presentations and overlap with 

psychiatric syndromes are common. This complexity often results to delays in diagnosis and additional stress, 

frustration and burden for families. The evidence confirms that YPD see on average a minimum of two and 

some up to five different specialists before receiving a final diagnosis and pathways into care in the UK are 
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chaotic (72). Typically, many YPD have lost their jobs before the opportunity for reasonable adjustments and 

vocational rehabilitation in the workplace and there are attendant economic costs of unnecessary appointments, 

potentially ineffective treatments and loss from the work force of family members. 

Providing an accurate diagnosis is the first stage in allowing families access to treatment and support and help 

reduce uncertainty about the future. 

The majority of younger people in the UK continue to be assessed and diagnosed in mental health-led memory 

clinics where limited access to other disciplines is well-documented (72). Furthermore, clear advice on a best 

practice approach to ascertaining diagnosis in younger patients is lacking. This raises concern as many 

dementia/memory clinics continue to employ routine procedures, screening measures and cognitive tests 

tailored to older patients that are often insufficient to identify the complexity of presentation in YPD and result 

in under-investigation with limited use of crucial supplementary investigations. Indeed, evidence suggests that 

under-investigation is particularly common in non-specialist settings. For example, a large study comparing 

over 5,000 patients with late and young onset dementia demonstrated that extended investigations including 

extensive cognitive evaluation by a neuropsychologist, language assessment by a speech therapist, structural 

brain imaging with MRI, lumbar puncture (LP) with analysis of dementia biomarkers in CSF, 

electroencephalography (EEG) or functional brain imaging with SPECT/ PET were generally required to reach 

diagnosis in the young onset group (25). With this in mind, improving recognition and knowledge of YOD for 

primary care physicians and non-specialists where such facilities may be scarce must be an important goal. A 

new decision-making tool developed by the Young Dementia Network UK has been specifically designed to 

guide diagnosis and raise awareness of key red flags to diagnosis https://www.youngdementiauk.org/gp-guide. 

Equally, ensuring access to training and demonstration of key competencies should be a key consideration for 

such  services.  In  regional,  rural,  and  remote   areas,   initiatives   to   expand   consultation   services   

using videoconferencing and telementoring has been demonstrated to be a valuable tool and could be envisaged 

for complex case discussion and imaging reviews (73). 

 
The evidence presented here supports the view that a multi-disciplinary/multi-specialist assessment within a 

specialist YPD service or centre is necessary for establishing YOD diagnosis and integration between specialists 

and partnership with a broad range of services (including third sector) is vital to help connect patients and their 

families with support at home and in their community. This approach is emphasised in the view from 

professional bodies (see Royal College of Psychiatrists report – CR137 Young Onset Dementia within Mental 

Health Services https://www.rcpsych.ac.uk/improving-care/campaigning-for-better-mental-health- 

policy/college-reports/cr217. Facilitating consultation with experts more widely to those in rural areas who have 

limited access to key diagnostic tools is a vital part of this outreach in order to ensure alignment of process 

across services. Identifying a minimum standard for accuracy in diagnosis is likely to be helpful in this regard. 

 
Furthermore, given the substantial burden of assessment outlined, consulting YPD about how best to undertake 

assessment and diagnosis would further guide good practice, and user and family organisations should be 

supported to participate in policy making and service planning. This approach overlaps with the best practice 

model of care developed by the Young Dementia Network UK which is supported by key stakeholders 

(https://www.youngdementiauk.org/young-onset-dementia-pathway) and forms the basis of current research to 

improve diagnosis for YPD (http://www.ucl.ac.uk/psychiatry/the-angela-project). 

 

Strengths and limitations 

A scoping literature search identified the latest advances regarding diagnosis of dementia in younger people. 

Evidence was sparse and mostly involved expert opinion pieces and key practice pointers in the field. The 

limitations of the current evidence base include the potential bias of information from experts depending on 

speciality and the lack of controlled clinico-pathological studies employing trials of clinical guidelines already 

in use for dementia in younger populations. Limited information is available about standard approaches to 

assessment of YOD in mental health services where understanding key elements of best practice would be 

valuable. 

http://www.youngdementiauk.org/gp-guide
http://www.rcpsych.ac.uk/improving-care/campaigning-for-better-mental-health-
http://www.youngdementiauk.org/young-onset-dementia-pathway)
http://www.ucl.ac.uk/psychiatry/the-angela-project)
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Conclusion 

The quality of evidence identified in this review is variable with the majority provided from expert opinion and 

evidence is lacking on some topics. Evidence appears weighted towards diagnosis in FTD and its subtypes and 

young onset AD. Accurate diagnosis is crucial in allowing individuals to understand and manage life with 

dementia at any age. For YPD, the diagnosis is ‘out of time’ and associated with specific and unique needs. This 

review highlights the importance of undertaking a comprehensive and patient-specific approach to diagnosis of 

YOD and is intended to assimilate emerging information from new fields for clinicians. The literature 

demonstrates that a clinically rigorous and systematic approach is necessary in order to avoid mis- or under- 

diagnosis for younger people. The review is not intended to be a comprehensive systematic review, but to 

provide a guide to psychiatrists and others in the field about current thinking. With the advent of new disease 

modifying treatments there is an obligation to upskill clinicians in new imaging techniques and genetics, with 

the goal of improving training and practice, and highlights the need for quality indicators and alignment of 

diagnostic procedures across clinical settings. 

 
Contributors 

JP, JO and JC initiated, planned and co-ordinated the study for which this review was prepared. MOM and JC 

conducted the review, drafted and proof-read the paper and JP, JLF and VS contributed to drafting, proof- 

reading and worked on the final draft of the paper. 

Declaration of interest nil 

Acknowledgements 

We acknowledge the support of Alzheimer’s Society to The Angela Project (grant ref 278) for which this review 

was prepared and the support of the project from Young Dementia UK, Young Dementia Network, Dementia 

UK UCLH (Biomedical Research Centre) 

 

 

 
Author details 

Mary O’Malley, PhD, Research Assistant 1, Jacqueline Parkes PhD, Professor 2, Vasileios Stamou PhD, 

Research Assistant 3, Jenny LaFontaine PhD, Research Fellow 4, Jan Oyebode, PhD, Professor 5, Janet Carter 

MRCPsych, PhD, Associate Professor,6 

 
1,2 Faculty of Health and Society, University of Northampton, Northampton, NN1 5PH, 3,4,5 Centre for 

Applied Dementia Studies, University of Bradford, Bradford BD7 1DP, 6 Division of Psychiatry, Maple 

House, London, W1T 7NF 

 

 
Corresponding Author: Janet Carter, Division of Psychiatry, Maple House, London, W1T 7NF, 

email address:j.carter@ucl.ac.uk 

 

 
 

References: 

 
1. Salem LC, Andersen BB, Nielsen TR, Stokholm J, Jørgensen MB, Waldemar G. Inadequate diagnostic 

evaluation in young patients registered with a diagnosis of dementia: a nationwide register-based study. 

Dement Geriatr Cogn Dis Extra [Internet]. 2014;4:31–44. Available from: 

mailto:j.carter@ucl.ac.uk


15  

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3977222&tool=pmcentrez&rendertype=ab 

stract 

2. Konijnenberg E, Fereshtehnejad SM, Ten Kate M, Eriksdotter M, Scheltens P, Johannsen P, et al. Early- 

Onset Dementia: Frequency, Diagnostic Procedures, and Quality Indicators in Three European Tertiary 

Referral Centers. Alzheimer Dis Assoc Disord. 2017;31(2):146–51. 

3. Ngo J, Holroyd-Leduc JM. Systematic review of recent dementia practice guidelines. Age Ageing. 

2015;41(1):25–33. 

4. Filippi M, Agosta F, Barkhof F, Dubois B, Fox NC, Frisoni GB, et al. EFNS task force: The use of 

neuroimaging in the diagnosis of dementia. Eur J Neurol. 2012;19(12):1487–501. 

5. Rossor MN, Fox NC, Mummery CJ, Schott JM, Warren JD. The diagnosis of young-onset dementia. 

Lancet Neurol [Internet]. 2010;9(8):793–806. Available from: http://dx.doi.org/10.1016/S1474- 

4422(10)70159-9 

6. Sorbi S, Hort J, Erkinjuntti T, Fladby T, Gainotti G, Gurvit H, et al. EFNS-ENS Guidelines on the 

diagnosis and management of disorders associated with dementia. Eur J Neurol. 2012;19(9):1159–79. 

7. Lehmann M, Koedam ELGE, Barnes J, Bartlett JW, Ryan NS, Pijnenburg YAL, et al. Posterior cerebral 

atrophy in the absence of medial temporal lobe atrophy in pathologically-confirmed Alzheimer’s disease. 

Neurobiol Aging. 2012 Mar;33(3). 

8. Harris PB. The Perspective of Younger People with Dementia: Still an Overlooked Population. Soc 

Work Ment Health. 2004;2(4):17–36. 

9. Johannessen A, Möller A, Moller a. Experiences of persons with early-onset dementia in everyday life: 

A qualitative study. Dementia [Internet]. 2013;12(4):410–24. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24336952 

10. Crutch SJ, Lehmann M, Schott JM, Rabinovici GD, Rossor MN, Fox NC. Posterior cortical atrophy. 

Lancet Neurol [Internet]. 2012;11(2):170–8. Available from: http://dx.doi.org/10.1016/S1474- 

4422(11)70289-7 

11. Mendez MF. Early-Onset Alzheimer Disease. Neurol Clin. 2017;35(2):263–81. 

12. Graham A, Hodges J. Frontotemporal dementia. Psychiatry. 2005;4:55–58. 

13. Gorno-Tempini M, Hillis A, Weintraub S, Kertesz A, Mendez M, Cappa S, et al. Classification of 

primary progressive aphasia and its variants. Neurology. 2011;76(11):1006–14. 

14. Palasí A, Gutiérrez-Iglesias B, Alegret M, Pujadas F, Olabarrieta M, Liébana D, et al. Differentiated 

clinical presentation of early and late-onset Alzheimer’s disease: is 65 years of age providing a reliable 

threshold? J Neurol. 2015;262(5):1238–46. 

15. Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, et al. Sensitivity of revised 

diagnostic criteria for the behavioural variant of frontotemporal dementia. Brain. 2011;134(9):2456–77. 

16. Carter JE, Oyebode JR, Koopmans RTCM. Young-onset dementia and the need for specialist care: a 

national and international perspective. Aging Ment Heal J [Internet]. 2018;22(4):468–73. Available 

from: 

http://www.tandfonline.com/action/journalInformation?journalCode=camh20%0Ahttp://www.tandfonl 

ine.com/loi/camh20%0Ahttps://doi.org/10.1080/13607863.2016.1257563 

17. Williams T, Dearden AM, Cameron IH. From pillar to post – a study of younger people with dementia. 

Psychiatr Bull [Internet]. 2001;25(10):384–7. Available from: 

https://www.cambridge.org/core/product/identifier/S0955603600023205/type/journal_article 

18. Rosness TA, Haugen PK, Passant U, Engedal K. Frontotemporal dementia––a clinically complex 

diagnosis. Dialogues Clin Neurosci. 2008;23:837–42. 

19. van Vliet D, de Vugt ME, Bakker C, Pijnenburg Y a L, Vernooij-Dassen MJFJ, Koopmans RTCM, et 

al. Time to diagnosis in young-onset dementia as compared with late-onset dementia. Psychol Med 

[Internet]. 2013;43(2):423–32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22640548 

20. Draper B, Cations M, White F, Trollor J, Loy C, Brodaty H, et al. Time to diagnosis in young-onset 

dementia and its determinants: the INSPIRED study. Int J Geriatr Psychiatry [Internet]. 2016 

Nov;31(11):1217–24. Available from: http://doi.wiley.com/10.1002/gps.4430 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3977222&tool=pmcentrez&rendertype=ab
http://dx.doi.org/10.1016/S1474-
http://www.ncbi.nlm.nih.gov/pubmed/24336952
http://dx.doi.org/10.1016/S1474-
http://www.cambridge.org/core/product/identifier/S0955603600023205/type/journal_article
http://www.ncbi.nlm.nih.gov/pubmed/22640548
http://doi.wiley.com/10.1002/gps.4430


16  

21. Draper B, Cations M, White F, Trollor J, Loy C, Brodaty H, et al. Time to diagnosis in young-onset 

dementia and its determinants: the INSPIRED study. Int J Geriatr Psychiatry. 2016 Nov;31(11):1217– 

24. 

22. Oyebode JR, Bradley P, Allen JL. Relatives’ Experiences of Frontal-Variant Frontotemporal Dementia. 

Qual Health Res. 2013;23(2):156–66. 

23. Woolley JD, Khan BK, Murthy NK, Miller BL, Rankin KP. The diagnostic challenge of psychiatric 

symptoms in neurodegenerative disease; rates of and risk factors for prior psychiatric disgnosis in 

patients with early neurodegenerative disease. J Clin Psych. 2011;72(2):126–33. 

24. Passant U, Elfgren C, Englund E, Gustafson L. Psychiatric symptoms and their psychosocial 

consequences in frontotemporal dementia. Dement Geriatr Cogn Disord. 2005;19(3950):S15–8. 

25. Eriksson H, Fereshtehnejad SM, Falahati F, Farahmand B, Religa D, M. E, et al. Differences in routine 

clinical practice between early and late onset Alzheimer’s disease: data from the Swedish Dementia 

Registry. J Alzheimer’s Dis. 2014;41(2):411–9. 

26. Rosness TA, Engedal K, Chemali Z. Frontotemporal Dementia: An Updated Clinician’s Guide. J Geriatr 

Psychiatry Neurol. 2016 Sep;29(5):271–80. 

27. Ridha B, Josephs K. Young-Onset Dementia: A Practical Approach to Diagnosis. Neurologist. 

2006;12(1):2–13. 

28. Kuruppu DK, Matthews BR. Young-Onset Dementia Dulanji. Semin Neurol. 2013;33(4):365–85. 

29. Ferrari C, Nacmias B, Sorbi S. The diagnosis of dementias: a practical tool not to miss rare causes. 

Neurol Sci. 2018 Apr;39(4):615–27. 

30. Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol. 

2005;1(8):19–32. 

31. Greenhalgh T, Peacock R. Effectiveness and efficiency of search methods in systematic reviews of 

complex evidence: Audit of primary sources. Br Med J. 2005;331(7524):1064–5. 

32. Ahmed S, Baker I, Butler CR. Diagnosing young onset dementia can be challenging. Practitioner. 

2016;260(1793):11–8. 

33. Snowden JS, Thompson JC, Stopford CL, Richardson AMT, Gerhard A, Neary D, et al. The clinical 

diagnosis of early-onset dementias: Diagnostic accuracy and clinicopathological relationships. Brain. 

2011;134(9):2478–92. 

34. Joshi A, Ringman JM, Lee AS, Juarez KO, Mendez MF. Comparison of clinical characteristics between 

familial and non-familial early onset Alzheimer’s disease. J Neurol. 2012 Oct;259(10):2182–8. 

35. Goldman JS. Genetic testing and counseling in the diagnosis and management of young-onset dementias. 

Psychiatr Clin North Am. 2015 Jun;38(2):295–308. 

36. Goldman JS, Rademakers R, Huey ED. An algorithm for genetic testing of frontotemporal lobar 

degeneration. Neurology. 2011;76(5):475–483. 

37. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development and validation of a 

geriatric depression screening scale: A preliminary report. J Psychiatr Res [Internet]. 1982;17(1):37–49. 

Available from: http://www.sciencedirect.com/science/article/pii/0022395682900334 

38. Hamilton M. The assessment of anxiety states by rating. Vol. 32, British Journal of Medical Psychology. 

United Kingdom: British Psychological Society; 1959. p. 50–5. 

39. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry [Internet]. 1960;23(1):56–62. 

Available from: https://jnnp.bmj.com/content/23/1/56 

40. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The Neuropsychiatric 

Inventory. Neurology [Internet]. 1994;44(12):2308. Available from: 

http://n.neurology.org/content/44/12/2308 

41. Funkiewiez A, Bertoux M, de Souza LC, Lévy R, Dubois B. The SEA (Social cognition and emotional 

assessment): A clinical neuropsychological tool for early diagnosis of frontal variant of frontotemporal 

lobar degeneration. Neuropsychology. 2012;26(1):81–90. 

42. Piguet O, Hornberger M, Mioshi E, Hodges JR. Behavioural-variant frontotemporal dementia: 

http://www.sciencedirect.com/science/article/pii/0022395682900334
http://n.neurology.org/content/44/12/2308


17  

Diagnosis, clinical staging, and management. Lancet Neurol [Internet]. 2011;10(2):162–72. Available 

from: http://dx.doi.org/10.1016/S1474-4422(10)70299-4 

43. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal 

Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc 

[Internet]. 2005;53(4):695–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15817019 

44. Mathuranath PS, Nestor PJ, Berrios GE, Rakowicz W, Hodges JR. A brief cognitive test battery to 

differentiate Alzheimer’s disease and frontotemporal dementia. Neurology. 2000;55(11):1613–20. 

45. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal assessment battery at bedside. Neurology 

[Internet]. 2000;55(11):1621–6. Available from: http://www.neurology.org/content/55/11/1621.abstract 

46. Reul S, Lohmann H, Wiendl H, Duning T, Johnen A. Can cognitive assessment really discriminate early 

stages of Alzheimer’s and behavioural variant frontotemporal dementia at initial clinical presentation? 

Alzheimer’s Res Ther. 2017;9(1):1–12. 

47. Ritter AR, Leger GC, Miller JB, Banks SJ. Neuropsychological testing in pathologically verified 

Alzheimer’s disease and frontotemporal dementia: how well do the Uniform Data Set measures 

differentiate between diseases? Alzheimer Dis Assoc Disord. 2017;31(3):187–191. 

48. Likeman M, Anderson VM, JM, Stevens JM, Waldman AD, Godbolt AK, Frost C, et al. Visual 

assessment of atrophy on magnetic resonance imaging in the diagnosis of pathologically confirmed 

young-onset dementias. Arch Neurol [Internet]. 2005;62(9):1410–5. Available from: + 

49. Johnson KA, Minoshima S, Bohnen NI, Donohoe KJ, Foster NL, Herscovitch P, et al. Appropriate use 

criteria for amyloid PET: A report of the Amyloid Imaging Task Force, the Society of Nuclear Medicine 

and Molecular Imaging, and the Alzheimer’s Association. Alzheimer’s Dement [Internet]. 

2013;9(1):E1–16. Available from: http://linkinghub.elsevier.com/retrieve/pii/S1552526013000344 

50. Laforce R, Rosa-Neto P, Soucy JP, Rabinovici GD, Dubois B, Gauthier S. Canadian Consensus 

Guidelines on Use of Amyloid Imaging in Canada: Update and Future Directions from the Specialized 

Task Force on Amyloid imaging in Canada. Can J Neurol Sci. 2016;43(4):503–12. 

51. Balasa M, Sanchez-Valle R, Antonell A, Bosch B, Olives J, Rami L, et al. Usefulness of biomarkers in 

the diagnosis and prognosis of early-onset cognitive impairment. J Alzheimers Dis. 2014;40(4):919–27. 

52. Molinuevo JL, Blennow K, Dubois B, Engelborghs S, Lewczuk P, Perret-Liaudet A, et al. The clinical 

use of cerebrospinal fluid biomarker testing for Alzheimer’s disease diagnosis: A consensus paper from 

the Alzheimer’s Biomarkers Standardization Initiative. Alzheimer’s Dement. 2014 Nov;10(6):808–17. 

53. Goldman JS, Hahn SE, Catania JW, Larusse-Eckert S, Butson MB, Rumbaugh M, et al. Genetic 

counseling and testing for Alzheimer disease: Joint practice guidelines of the American College of 

Medical Genetics and the National Society of Genetic Counselors. Genet Med. 2011;13(6):597–605. 

54. Bozeat S, Gregory CA, Ralph MAL, Hodges JR. Which neuropsychiatric and behavioural features 

distinguish frontal and temporal variants of frontotemporal dementia from Alzheimer â€TM s disease ? 

Which neuropsychiatric and behavioural features distinguish frontal and temporal variants of 

frontotemporal d. Psychiatry Interpers Biol Process. 2000;(September 2009):178–86. 

55. Shinagawa S, Nakajima S, Plitman E, Graff-Guerrero, A. Mimura M, Nakayama K, Miller BL. 

Psychosis in frontotemporal dementia. J Alzheimers Dis. 2014;42(2):485–99. 

56. Rosness TA, Engedal K, Chemali Z. Frontotemporal Dementia: An Updated Clinicians Guide. J Geriatr 

Psychiatry Neurol [Internet]. 2016;29(5):271–80. Available from: 

http://jgp.sagepub.com/cgi/doi/10.1177/0891988716654986 

57. Bakker C, De Vugt ME, Van Vliet D, Verhey FRJ, Pijnenburg YA, Vernooij-Dassen MJFJ, et al. The 

relationship between unmet care needs in young-onset dementia and the course of neuropsychiatric 

symptoms: A two-year follow-up study. Int Psychogeriatrics. 2014;26(12):1991–2000. 

58. Landqvist Waldö M, Gustafson L, Passant U, Englund E. Psychotic symptoms in frontotemporal 

dementia: A diagnostic dilemma? Int Psychogeriatrics. 2015;27(4):531–9. 

59. Sha SJ, Takada LT, Rankin KP, Yokoyama JS, Rutherford NJ, Fong JC, et al. Frontotemporal dementia 

due to C9ORF72 mutations Clinical and imaging features. Neurology [Internet]. 2012;79(10):1002– 

1011. Available from: http://www.neurology.org/content/79/10/1002.short 

http://dx.doi.org/10.1016/S1474-4422(10)70299-4
http://www.ncbi.nlm.nih.gov/pubmed/15817019
http://www.neurology.org/content/55/11/1621.abstract
http://linkinghub.elsevier.com/retrieve/pii/S1552526013000344
http://jgp.sagepub.com/cgi/doi/10.1177/0891988716654986
http://www.neurology.org/content/79/10/1002.short


18  

60. Weintraub S, Salmon D, Mercaldo N, Ferris S, Graff-radford NR, Chui H, et al. The Alzheimer’s disease 

centers’ data set (UDS): The neuropsychological test battery. Alzheimer Dis Assoc Disord. 

2009;23(2):91–101. 

61. Atle Rosness T, Engedal K, Chemali Z. Raising the bar: A comparative analysis of patients with Early 

Onset Alzheimer’s disease. Int Psychogeriatr. 2014;26:1–2. 

62. Quach C, Hommet C, Mondon K, Lauvin MA, Cazals X, Cottier JP. Early-onset dementias: Specific 

etiologies and contribution of mri. Diagn Interv Imaging [Internet]. 2014;95(4):377–98. Available from: 

http://dx.doi.org/10.1016/j.diii.2013.07.009 

63. Pereira JB, Cavallin L, Spulber G, Aguilar C, Mecocci P, Vellas B, et al. Influence of age, disease onset 

and ApoE4 on visual medial temporal lobe atrophy cut-offs. J Intern Med. 2014 Mar;275(3):317–30. 

64. Ferreira D, Cavallin L, Larsson E-M, Muehlboeck J-S, Mecocci P, Vellas B, et al. Practical cut-offs for 

visual rating scales of medial temporal, frontal and posterior atrophy in Alzheimer’s disease and mild 

cognitive impairment. J Intern Med. 2015 Sep;278(3):277–90. 

65. Koric L, Guedj E, Habert MO, Semah F, Branger P, Payoux P, et al. Molecular imaging in the diagnosis 

of Alzheimer’s disease and related disorders. Rev Neurol (Paris). 2016 Dec;172(12):725–34. 

66. Carswell CJ, Win Z, Muckle K, Kennedy A, Waldman A, Dawe G, et al. Clinical utility of amyloid PET 

imaging with (18) F-florbetapir: a retrospective study of 100 patients. J Neurol Neurosurg Psychiatry. 

2018 Mar;89(3):294–9. 

67. Sheikh-Bahaei N, Sajjadi SA, Pierce AL. Current Role for Biomarkers in Clinical Diagnosis of 

Alzheimer Disease and Frontotemporal Dementia. Curr Treat Options Neurol. 2017 Dec;19(12). 

68. Miller A-M, Balasa M, Blennow K, Gardiner M, Rutkowska A, Scheltens P, et al. Current Approaches 

and Clinician Attitudes to the Use of Cerebrospinal Fluid Biomarkers in Diagnostic Evaluation of 

Dementia in Europe. J Alzheimers Dis. 2017;60(1):201–10. 

69. Hoilund-Carlsen PF, Barrio JR, Gjedde A, Werner TJ, Alavi A. Circular Inference in Dementia 

Diagnostics. J Alzheimer’s Dis. 2018;63(1):69–73. 

70. Ceccaldi M, Jonveaux T, Verger A, Krolak-Salmon P, Houzard C, Godefroy O, et al. Added value of F- 

18-florbetaben amyloid PET in the diagnostic workup of most complex patients with dementia in France: 

A naturalistic study. ALZHEIMERS Dement. 2018 Mar;14(3):293–305. 

71. van Vliet D, de Vugt ME, Bakker C, Koopmans RTCM, Pijnenburg Y a. L, Vernooij-Dassen MJFJ, et 

al. Caregivers’ perspectives on the pre-diagnostic period in early onset dementia: a long and winding 

road. Int Psychogeriatrics. 2011;23(9):1393–404. 

72. Rodda J, Carter JE. A survey of UK services for younger people living with dementia. Int J Geriatr 

Psychiatry. 2016;951–959. 

 
73. Doyle C, Jackson D, Loi S, Malta S, Moore K. Videoconferencing and telementoring about dementia 

care: evaluation of a pilot model for sharing scarce old age psychiatry resources. Int Psychogeriatr. 2016; 

Sep;28(9):1567-74. 

http://dx.doi.org/10.1016/j.diii.2013.07.009


19  

 


